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Abstract

Background. Mothers of adolescents face unique stressors that can adversely affect their mental health and family
dynamics. Implementing effective interventions is essential to address maternal stress and anxiety in this population.
Objectives. This study aimed to evaluate the effects of yoga alone and yoga combined with Neuro-Linguistic
Programming (NLP) on physiological state, stress and anxiety management in mothers of adolescent children.
Materials and methods. A randomized controlled trial was conducted in the Chennai Metropolitan Area, involving
90 mothers (aged 35-55 years) of adolescents (aged 13-19 years). Participants were randomly assigned to one of
three groups: control (n = 30), yoga (n = 30), or yoga with NLP (n = 30). The yoga group engaged in 60-minute
yoga sessions thrice weekly for 12 weeks, while the yoga with NLP group participated in the same yoga regimen
plus weekly 90-minute NLP sessions. The control group received no intervention. Primary outcomes included blood
pressure, heart rate, salivary cortisol, Perceived Stress Scale (PSS), Hamilton Anxiety Rating Scale (HAM-A), and
Parenting Sense of Competence (PSOC) scale, measured at baseline and post-intervention.

Results. In the post-intervention period, significant between-group differences were observed across all outcomes
(p < 0.001). The yoga with NLP group demonstrated the greatest improvements, with reductions in systolic

(119.93 + 3.87 mmHg) and diastolic blood pressure (82.93 + 3.37 mmHg), heart rate (74.90 + 8.86 bpm), cortisol
(14.17 £ 1.91 mg/dL), PSS (13.80 + 2.73), and HAM-A (16.67 + 2.55) scores, alongside increased PSOC scores
(79.33£6.35). The yoga-only group exhibited moderate enhancements, while the control group showed no changes.
Conclusions. The findings suggest that combined yoga and NLP significantly reduced stress and anxiety, as well as
improved physiological outcomes in mothers of adolescents, highlighting its potential as an effective intervention.
Keywords: yoga, neuro-linguistic programming, mother, stress, anxiety, cortisol.

©  Ghosh, T., Duraipandian, C., Karuppasamy, G., Masilamani, E., Astuti, Y.,
Orhan, B. E,, Boby, E A, Ibnu Noufal, K. V,, Citozi, R., & Geantd, V. A., 2025.

@ PETM
f LLCOVS

477



ISSN 1993-7989. elSSN 1993-7997. ISSN-L 1993-7989. Physical Education Theory and Methodology. Vol. 25, Num. 3

Introduction

Mothers of adolescents face unique stressors that can
significantlyimpacttheirmentalhealthandwell-being (Ghosh
etal., 2024; Sharda, 2022). Transitioning to adolescence often
increases family conflict, concerns about children’s safety
and development, and challenges in maintaining effective
communication and parenting practices (Shaw et al., 2021).
These factors can contribute to elevated levels of stress and
anxiety among mothers, potentially affecting both maternal
health and family dynamics (Lanjekar et al., 2022). Women,
in general, are at higher risk for stress-related disorders,
with prevalence rates of anxiety and depression nearly twice
that of men (Hoglund et al., 2020). This gender disparity
is particularly pronounced during reproductive years,
highlighting the need for targeted interventions for women’s
mental health. Parenting stress, defined as the psychological
distress arising from the demands of the parenting role,
has been consistently associated with negative outcomes
for both mothers and children (Delvecchio et al., 2020).
For mothers of adolescents, this stress can be exacerbated
by the increasing autonomy and risk-taking behaviours
characteristic of this developmental stage (Mak et al., 2020).

Furthermore, chronic stress and anxiety in women
have been linked to a range of physical health problems
(Pramanik, et al., 2023; Pramanik, et al., 2023), including
cardiovascular disease, immune dysfunction, and
accelerated cellular ageing (Lyons et al., 2023). While various
interventions have been explored to address maternal mental
health, there is growing interest in holistic approaches
that target both physiological (Vignesh et al., 2024) and
psychological aspects of stress and anxiety. Yoga, focusing
on mindfulness (Thanalakshmi et al., 2024), breathwork,
and physical postures, has shown promise in reducing stress
and improving emotional regulation (Hilcove et al., 2021; Ks
et al,, 2023). Concurrently, Neuro-Linguistic Programming
(NLP), a psychotherapeutic approach emphasizing cognitive
restructuring and communication skills, has demonstrated
efficacy in anxiety management across diverse populations
(Ybias et al., 2024). However, the potential synergistic effects
of combining these modalities, particularly for mothers of
adolescents, remain largely unexplored. This study aims to
address this gap by investigating the combined impact of
yoga and NLP on stress and anxiety management in mothers
of adolescent children, compared to yoga alone and a control
condition.

Materials & Methods

Study Design and Participants

This randomized controlled trial investigated the
effects of yoga and combined yoga with Neuro-Linguistic
Programming (NLP) on stress and anxiety management
in mothers of adolescent children. The study enrolled 90
participants, aged 35-55 years, each with at least one child
between 13-19 years old. Participants were randomly
(See Figure: 1) assigned by lottery method to one of three
groups: control, yoga, or yoga with NLP, with 30 individuals
per group. The study received approval from the Ethics
Committee at Meenakshi Academy of Higher Education &
Research in Tamil Nadu (Approval No. MMCH&RI IEC/

PhD/02/JAN/2023)—additionally, all study procedures
adhered to the most recent version of the Declaration of
Helsinki.

Sample Size Calculation

The sample size was determined using G*Power software
version 3.1.9.2 (Kang, 2021). The calculation was based on a
one-way ANOVA with three groups, assuming a medium
effect size (f = 0.50), an alpha level of 0.05, and a desired
power of 0.80. The researchers increased the sample size by
approximately 20% to account for potential dropouts and
ensure sufficient power for subgroup analyses. This resulted
in a total target sample of 90 participants, with 30 individuals
allocated to each of the three groups (control, yoga, and yoga
with NLP).

Inclusion and Exclusion Criteria

Inclusion criteria required the ability to understand and
follow instructions in the local language and willingness
to participate for the entire study duration. Exclusion
criteria encompassed prior experience with yoga or NLP,
current participation in other stress management programs,
diagnosed psychiatric disorders requiring medication, and
physical conditions interfering with yoga practice.

Interventions

Yoga Group: The Yoga Group participated in 60-minute
sessions thrice weekly for 12 weeks. The yoga program
incorporated a variety of loosening exercises, asanas,
pranayama, and meditation techniques. The loosening
exercises included Cat-Cow Breathing, Vaksha Sakti Vikasha,
and Surya Namaskarasana from the Bihar School of Yoga
tradition. This was followed by Sashangasana (Child Pose),
Ustrasana, Matsyasana, Setubandhasana, Bhujangasana,
and Makarasana to improve flexibility and spinal mobility.
The pranayama practices focused on Shitali, Bhramari,
and Nadi Suddhi, while the mental chanting of A-U-M
was also included. The NLP component incorporated the
Anchoring, De-Busting, and Swish techniques to enhance
cognitive restructuring, stress management, and practical
communication skills.

Yoga with NLP Group: Besides the yoga program
described above, this group received weekly 90-minute
Neuro-Linguistic Programming (NLP) sessions for 12
weeks. The NLP program focused on cognitive restructuring,
stress management techniques, and communication skills to
enhance parenting competence (See Table 1).

Control Group: Participants in this group received no
intervention but were offered the opportunity to participate
in yoga and NLP sessions after completing the study.

Procedure

Before the 12-week intervention, participants in both
active groups attended two 90-minute familiarisation
sessions to introduce fundamental concepts, demonstrate
techniques, and address questions. All participants received
structured log books to record daily stress levels, significant
parenting-related events, and practice techniques outside
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Table 1. Intervention details for Yoga and NLP program

Training Component Duration Frequency
Loosening Exercises
Cat-Cow Breathing 5 minutes 3 times/week
Vaksha Sakti Vikasha 5 minutes 3 times/week
Surya Namaskarasana 10 minutes 3 times/week
Asanas
Sashangasana (Child 5 minutes 3 times/week
Ustrasana 5 minutes 3 times/week
Matsyasana 5 minutes 3 times/week
Setubandhasana 5 minutes 3 times/week
Bhujangasana 5 minutes 3 times/week
Makarasana 5 minutes 3 times/week
Pranayama| 5 minutes 3 times/week
Shitali Pranayamal| 5 minutes 3 times/week
Bhramari Pranayama 5 minutes 3 times/week
Nadi Suddhi 5 minutes
Meditation
A-U-M Chanting 10 minutes 3 times/week
NLP Techniques
Anchoring 30 minutes 1 times/week
De-Busting 30 minutes 1 times/week
Swish 30 minutes 1 times/week

scheduled sessions. The yoga and yoga with NLP groups also
logged their session attendance. These log books, collected
and reviewed biweekly by the research team, served to
monitor compliance, gather qualitative data, and encourage
participant engagement and self-reflection throughout the
study period.

Outcome Measures

Blood Pressure: Systolic and diastolic blood pressure was
measured using a standard sphygmomanometer following
American Heart Association guidelines. Measurements

were taken in a seated position after 5 minutes of rest (Borah
etal., 2023).

Heart Rate: Heart rate was measured using a standard
pulse oximeter, with readings taken after 5 minutes of rest
in a seated position.

Cortisol: Salivary cortisol levels were measured using
liquid chromatographic methods and mass spectrometry
(LC-MSMS). Samples were collected in the morning (8-9
AM) to control for diurnal variations. LC-MSMS is 10-100
times more sensitive than RIA or IA and has a higher degree
of specificity (Inder et al., 2012).

Perceived Stress Scale (PSS): This 10-item self-report
questionnaire assesses the degree to which situations in one’s
life are appraised as stressful. Scores range from 0 to 40, with
higher scores indicating higher perceived stress (Reis et al.,
2010).

Hamilton Anxiety Rating Scale (HAM-A): This 14-item
clinician-administered scale measures the severity of anxiety
symptoms. Scores range from 0 to 56, with higher scores
indicating more severe anxiety (Hamilton, 1959).

Parenting Sense of Competence (PSOC) scale: This
17-item self-report measure assessed parents’ satisfaction
with parenting and their self-efficacy in the parenting role.
Higher scores indicate greater competence and satisfaction
with parenting (Gilmore & Cuskelly, 2024).

Statistical Analysis

Demographic data were collected at baseline, and all
outcome measures were assessed pre-and post-intervention
by trained research assistants blinded to group allocation.
Data analysis was performed using SPSS version 25.0
(Morgan et al., 2004). Descriptive statistics were calculated
for all variables, with between-group differences analyzed
using one-way ANOVA for continuous variables and chi-
square tests for categorical variables. Paired t-tests assessed
within-group changes from baseline to post-intervention.
Statistical significance was set at p<0.05.

Results

140 potential participants were initially screened for
eligibility in this study. After applying the inclusion and
exclusion criteria, 90 individuals met the requirements

Excluded (n=50)

l No Training

+ Not meeting inclusion criteria (n= 3())

« Declined to participate (n= 10)

group (n= 30)

Allocated to the Control
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Fig. 1. Semantic representation
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Table 2. Demographical details of the study participants

Overall,

Control,

Yoga, Yoga with NLP,

Characteristic n=90 n=30 n=30 n=30 p-value

Age (yrs) 44.38 (5.14) 44.03 (2.86) 43.90 (3.01) 45.20 (7.92) >0.9
Height (cm) 153.41 (4.03) 154.03 (4.05) 153.00 (3.84) 153.20 (4.26) 0.5
Weight(kg) 68.58 (8.73) 69.54 (10.13) 67.46 (7.90) 68.73 (8.15) 0.8
Qualification 0.9
Degree and Above 54 (60%) 18 (60%) 18 (60%) 18 (60%)

Graduate 33 (37%) 12 (40%) 11 (37%) 10 (33%)

HSC 3(3.3%) 0 (0%) 1(3.3%) 2 (6.7%)

Occupation >0.9
Housewife 9 (10%) 2 (6.7%) 4 (13%) 3 (10%)

Private sector 52 (58%) 19 (63%) 16 (53%) 17 (57%)

Public sector 10 (11%) 3(10%) 3(10%) 4 (13%)

Self Employed 19 (21%) 6 (20%) 7 (23%) 6 (20%)

Annual Income 0.5
> 7 laks 18 (20%) 3 (10%) 7 (23%) 8 (27%)

1-3 laks 15 (17%) 6 (20%) 6 (20%) 3 (10%)

3-7 laks 47 (52%) 19 (63%) 13 (43%) 15 (50%)

No income 10 (11%) 2 (6.7%) 4(13%) 4(13%)

Marital Status 0.7
Divorced 7 (7.8%) 2 (6.7%) 2 (6.7%) 3 (10%)

Married 80 (89%) 28 (93%) 27 (90%) 25 (83%)

Widow 3(3.3%) 0(0%) 1(3.3%) 2 (6.7%)

Family status 0.8
Joint 13 (14%) 5(17%) 3 (10%) 5(17%)

Nuclear 77 (86%) 25 (83%) 27 (90%) 25 (83%)

No Children 0.15
One child 66 (73%) 25 (83%) 23 (77%) 18 (60%)

Three child 2 (2.2%) 1(3.3%) 0 (0%) 1(3.3%)

Two child 22 (24%) 4 (13%) 7 (23%) 11 (37%)

No boys 0.3
No boy 28 (31%) 11 (37%) 11 (37%) 6 (20%)

One boy 57 (63%) 19 (63%) 17 (57%) 21 (70%)

Two boy 5 (5.6%) 0 (0%) 2 (6.7%) 3 (10%)

No girls 0.8
No girls 48 (53%) 16 (53%) 17 (57%) 15 (50%)

One girl 37 (41%) 11 (37%) 12 (40%) 14 (47%)

Two girls 5(5.6%) 3(10%) 1(3.3%) 1(3.3%)

Children Home 0.8
Home 67 (74%) 21 (70%) 23 (77%) 23 (77%)

and were enrolled in the trial (see Figure 1). specifically,
one participant dropped out from the control group, two
participants discontinued from the yoga group, and three
participants withdrew from the yoga with NLP group.
Despite these dropouts, the overall retention rate remained
high, with 93.3% of participants completing the entire study
protocol. The final analysis included 29 participants in the

control group, 28 in the yoga group, and 27 in the yoga with
NLP group, for 84 participants who completed the entire
study. The mean age of participants was 44.38 + 5.14 years,
with no significant differences (See Table 2) between groups
in demographic characteristics such as age, height, weight,
qualification, occupation, annual income, marital status,
family status, or number of children (all p > 0.05). Most
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Table 3. Comparison of baseline outcome parameters between the groups

Characteristic (:lvzr;(l)l, C::I;t;((;l, :(;g;(’) Yoganw=1t;10NLP, p-value
SBP (mmHg) 136.64 (8.76) 134.50 (6.66) 138.07 (6.91) 137.37 (11.65) 0.2
DBP_(mmHg) 97.91 (5.70) 97.70 (6.37) 97.50 (5.11) 98.53 (5.68) 0.8
Heart rate (bpm) 97.43 (8.75) 94.17 (6.77) 96.07 (9.07) 102.07 (8.48) 0.001
Cortisol (mg/dl) 16.99 (1.11) 17.16 (1.02) 16.98 (0.90) 16.82 (1.37) 0.6
PSS 34.72 (4.16) 35.27 (4.33) 34.77 (3.85) 34.13 (4.35) 0.5
HAM-A 27.92 (3.25) 27.30 (3.72) 27.77 (2.96) 28.70 (2.96) 0.3
PSOC 42.43 (4.87) 43.17 (5.75) 42.93 (4.19) 41.20 (4.44) 0.3

SBP: systolic blood pressure; DBP: diastolic blood pressure; PSS: perceived stress scale; HAM-A: Hamilton Anxiety Rating Scale: PSOC:
Parenting Sense of Competence

Table 4. Post-intervention comparison of the outcome parameters between the groups

Characteristic (zlvir;(l)l, C:Zt;((;l’ :ig;’) YOganv:t;IONLR p-value
SBP (mmHg) 128.59 (8.58) 137.20 (6.00) 128.63 (4.54) 119.93 (3.87) <0.001
DBP_(mmHg) 89.24 (8.34) 97.87 (7.61) 86.93 (4.55) 82.93(3.37) <0.001
Heart rate (bpm) 81.82 (13.08) 92.83 (6.08) 77.73 (14.74) 74.90 (8.86) <0.001
Cortisol (mg/dl) 14.97 (1.93) 16.43 (1.38) 14.31 (1.58) 14.17 (1.91) <0.001
PSS 24.13 (9.25) 34.83 (3.82) 23.77 (3.37) 13.80 (2.73) <0.001
HAM-A 22.22 (5.78) 28.30 (3.69) 21.70 (3.46) 16.67 (2.55) <0.001
PSOC 61.51 (16.23) 42.87 (6.08) 62.33 (6.46) 79.33 (6.35) <0.001

SBP: systolic blood pressure; DBP: diastolic blood pressure; PSS: perceived stress scale; HAM-A: Hamilton Anxiety Rating Scale: PSOC:
Parenting Sense of Competence
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Fig. 2. Baseline comparison on (a) SBP, (b) DBP, (c) Heart rate, (d) Cortisol, (e) PSS, (f) HAM-A, (g) PSOC outcome parameters

participants (60 %) had a degree or higher education, worked ~ The majority had one child (73 %), with 63 % having one boy
in the private sector (58%), earned 3-7 lakhs annually (52%),  and 41 % having one girl.
were married (89 %), and lived in nuclear families (86 %).
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Fig. 3. Post-intervention comparison on (a) SBP, (b) DBP, (c) Heart rate, (d) Cortisol, (e) PSS, (f) HAM-A, (g) PSOC outcome
parameters

At baseline, there were no significant (see Table: 3)
differences between groups in systolic blood pressure (SBP),
diastolic blood pressure (DBP), cortisol levels, Perceived
Stress Scale (PSS) scores, Hamilton Anxiety Rating Scale
(HAM-A) scores, or Parenting Sense of Competence (PSOC)
scores (all p > 0.05). However, a significant difference in
heart rate was observed (p = 0.001), with the yoga with NLP
group showing a higher baseline rate (102.07 + 8.48 bpm)
compared to the control (94.17 + 6.77 bpm) and yoga-only
(96.07 + 9.07 bpm) groups. Figure 2 displays a graphical
representation of the baseline comparison.

Post-intervention measurements (see Table 4) revealed
significant differences between groups for all outcomes (all p
< 0.001). The yoga with NLP group demonstrated the most
substantial improvements, followed by the yoga-only group,
while the control group showed little to no change. Specifical-
ly, the yoga with NLP group exhibited the lowest blood pres-
sure (SBP: 119.93 + 3.87 mmHg; DBP: 82.93 + 3.37 mmHg),
heart rate (74.90 + 8.86 bpm), and cortisol levels (14.17 + 1.91
mg/dl). This group also reported the lowest stress (PSS: 13.80
+2.73) and anxiety (HAM-A: 16.67 + 2.55) scores, along with
the highest parenting sense of competence (PSOC: 79.33 +
6.35). The yoga-only group showed intermediate improve-
ments, while the control group maintained elevated levels
similar to baseline measurements. Figure 3 displays a graphi-
cal representation of the post intervention comparison.

Discussion

The present study demonstrated significant improve-
ments in physiological and psychological measures of stress
and anxiety among mothers of adolescent children follow-
ing yoga and combined yoga with NLP interventions. The
yoga with NLP group showed the most substantial benefits
across all outcome measures, including reduced blood pres-

sure, heart rate, cortisol levels, perceived stress, anxiety, and
increased parenting sense of competence. The yoga-only
group also exhibited improvements, albeit to a lesser extent,
while the control group maintained baseline levels.

A quasi-experimental study examined the effects of
hatha yoga on stress, anxiety, and depression in 52 Iranian
women (mean age 33.5 + 6.5 years). Participants completed
a 4-week intervention of thrice-weekly 60-70-minute yoga
sessions. Using the DASS-21 scale, significant reductions
in depression, anxiety, and stress were observed post-
intervention (p < 0.001). The study concludes that yoga
can effectively reduce these psychological symptoms and
maybe a complementary treatment approach (Khunti et al.,
2023). Another pilot study examined the effectiveness of an
8-week mindful parenting intervention (MPI) for 21 parents
of children aged 3-7 years with anxiety disorders, and the
findings showed that there were significant increases in
mindful parenting and reductions in dysfunctional parent-
child interactions (p < 0.05) (Farley et al., 2023). The present
study extends these findings by demonstrating the enhanced
benefits of combining yoga with NLP techniques.

A systematic review found evidence that NLP interven-
tions can effectively reduce anxiety across various populations
and settings (Nompo et al., 2021). Several studies demon-
strated that NLP techniques like reframing, anchoring, rap-
port building, and modelling helped decrease anxiety symp-
toms and promote positive behavioural changes (Kotera et
al,, 2019). The NLP approaches were applied through average
multi-session training programs lasting 2-12 weeks. Common
elements included identifying sensory preferences, establish-
ing rapport, reframing negative thoughts, and practising new
cognitive and communication strategies. The benefits extend-
ed beyond merely reducing anxiety, encompassing enhance-
ments in self-confidence, communication skills, and overall
mental health (Nompo et al., 2021; Shirazi & Kahrazei, 2022).
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The synergistic effect of yoga and NLP may be attributed
to their complementary mechanisms. Yogas focus on breath
control, mindfulness, and physical postures likely contributes
to reduced physiological arousal and improved emotional
regulation (Padmavathi et al., 2023). NLP techniques, on the
other hand, may enhance cognitive restructuring and commu-
nication skills, thereby addressing the psychological aspects of
stress and anxiety more directly (Mehdi et al., 2022). The com-
bined approach offers a more comprehensive strategy for man-
aging the multifaceted challenges mothers of adolescents face.

This study’s strengths include its randomized controlled
design, physiological and psychological outcome measures,
and the comparison of yoga alone versus yoga with NLP.
However, limitations should be noted. The sample size was
relatively small, and the study was conducted in a single
geographic location, potentially limiting generalizability.
Additionally, the long-term sustainability of the observed
benefits was not assessed, as follow-up measurements beyond
the immediate post-intervention period were not conducted.

Conclusions

In conclusion, this study provides evidence for the
efficacy of combined yoga and NLP interventions in reducing
stress and anxiety among mothers of adolescent children. The
findings suggest that this integrated approach may be more
effective than yoga alone in improving physiological and
psychological well-being. Future research should explore the
long-term effects of these interventions, investigate potential
mechanisms of action through neuroimaging or biomarker
studies, and examine the impact on family dynamics and
adolescent outcomes. Given the promising results, healthcare
providers and community organizations may consider
combining yoga and NLP programs as a holistic approach
to supporting maternal mental health and family well-being.
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Ha IXHe ICKUXiuHe 3J0pOB’s Ta CiMeilHy fuHaMiKy. BupoBa/pkeHHs edeKTUBHMX IHTepBEHIIill Ma€ BaX/IMBe 3HAUEHHsI JIs1 TIOL0-
JIAaHHA MaTEPUHCHKOIO CTPECY Ta TPMBOXKHOCTI Y 11il1 KaTeropii HaceneHHs.
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Merta pocnigxeHH:A. MeTa 1[bOro JOC/TiIKeHHA M0/IATajIa B OLiHIOBAHHI BIIMBY 3aHATH JIOT0I0 IK CAMOCTIIIHOI IPaKTUKM T4
HO€EJHAHHA J10TM 3 HellpoyiHrBicTiyHNUM nporpamysanuaM (HJIIT) Ha mpoljec perymoBanH: ¢isionorivHoro crany, piBHIB cTpecy
i TPMBOXXHOCTI y MaTepiB AiTell MiflJliTKOBOTO BiKY.

Marepianu Ta Mmerogu. PanjjoMisoBaHe KOHTPONbOBaHe JOC/I)KEHHA NPOBEJEHO y MeTPONOMiiiHiil TepuTopii YenHnait i3
3amydeHHsM 90 MarepiB (BikoM 35-55 poKiB), sIKi BUXOBYIOTb Mi/yITKiB (BikoM 13-19 pokiB). YdyacHUKiIB Oy/10 po3mofineHo 3a
MeTOZIOM paHHoMi3allii o ofHiel 3 TPbOX IPYI: KOHTPOIbHOI (n = 30), rpyny, 1o 3ariManacs itoroto (n = 30), abo rpymu, o mo-
epuyBana jrory 3 HJIIT (n = 30). [pyma 3 fioru 3aiiManaca 60-XBUIMHHNMY 3aHATTAMY TPU4i Ha TYDKIEHDb BIPOIOBX 12 TIDKHIB,
TOJi AK TpymHa, o NpakTuKysana itory 3 HJIII, gorpumyBanaca aHa/lIOriYHOIO peXXMUMY JOTHM Ta IOTVDKHEBUX 90-XBUIMHHMUX
ceancis HJIIL. ¥ KOHTpo/bHIl IpyIli He IPOBOAW/IOCA YKOHMX iHTepBeHLiit. [lepBMHHI pe3ynbTaTi BK/I0Yaay BUMipIOBaHHA ap-
Tepia/IbHOTO TUCKY, YaCTOTH CEPLIEBIX CKOPOYEeHb, PiBHs KOPTU3O0TY B C/IMHI, OKa3HMUKIB IIKa/ cripuitHaToro crpecy (Perceived
Stress Scale, PSS), urkanu laminbrona ayia oninku piBaA TpuBoxkHocTi (Hamilton Anxiety Rating Scale, HAM-A) i mkanu BigayTTA
6arpKiBcbkoi komneteHTHOCTI (Parenting Sense of Competence, PSOC) Ha mouaTkoBoMy eTarli Ta Iic/is1 3aBepIieHHs IHTepBeHIIil.

PesynpraTtu. Y nocTinTepBeHIIiIHOMY II€piofii ClloCTepiraaucsa JOCTOBipHI MiXKIPYIIOBi BifMiHHOCTI 3a BCiMa ITOKa3HMKaMI
(p < 0,001). Ipyma, sixa 3aitmasnacs jtoroto 3 HJIII, mpopieMOHCTpyBaa MaKCHMaIbHe HOJIIIIIEHHs IOKa3HUKIB: 3HVDKEHHS CUCTO-
mignoro (119,93 + 3,87 MM pT.cT.) i miacTonmiuHOro aprepianbHOro TUCKY (82,93 + 3,37 MM PT.CT.), YaCTOTH CepLEBUX CKOPOYEHb
(74,90 + 8,86 yn./xB.), piBHst Koptusony (14,17 + 1,91 mr/mn), wkanu PSS (13,80 + 2,73) i mkamt HAM-A (16,67 + 2,55), a Takox
HiBUIIEeHHA pe3ynbTariB 3a mkanoo PSOC (79,33 £ 6,35). ¥ rpymi, sika IpaKTUKyBasa JMIIe 3aHATTS 0T0I0, CIIOCTepiranocs
HoMipHe MOKpalljeHH:, TOfi AK Y KOHTPOJbHIl TpyIIi 3MiH He 3adikcoBaHO.

BucHoBku. OtpuMaHi faHi cBiffarh 1po Te, 110 KOMOIHOBaHA IPAKTUKA, KA IOEJHYE B 061 3aHATTA jtoroto ta HJIII, ciipu-
s€ 3HAYHOMY 3MEHIIICHHIO PiBHA CTPeCy Ta TPMBOXKHOCTI, a TAKOXK MOKpaIlye (i3ionoriyHi MokasHMKM y MaTepiB Mi/UIiTKiB, 110
HiIKPeCTIoe TIOTeHIiaI i€l MeTORUKY 5K e(DeKTUBHOI iHTepBeHIIil.

KnrodoBi cmoBa: 7iora, HelipoiHIBiCTMYHE IIPOrpaMyBaHHs, MaTH, CTPeC, TPUBOXKHICTb, KOPTU3OJL.
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Abstract

Objectives. This study aimed to analyze the differences in the effects of Small-Sided Games (SSG) and a combination
of Small-Sided Games with Speed Endurance Training (SSG+SET) on the aerobic capacity of young amateur league
soccer players, as measured by total distance coverage and VO,max.

Materials and methods. A total of 36 young amateur league soccer players were selected as samples and divided into
two groups using the matching-group technique. The average sample characteristics were 20.08 + 0.97 years of age,
170.47 + 4.77 cm in height, 62.98 + 5.89 kg in weight, and a body mass index of 20.08 + 0.97 kg/m’. Both groups
underwent 12 training sessions over four weeks, with a frequency of three sessions per week. Aerobic capacity was
measured using the Yo-Yo Intermittent Recovery Test Level 1 to evaluate total distance coverage and VO,max before

and after the intervention.

Results. Both training methods had a positive impact on improving aerobic capacity. However, the group undergoing
the SSG+SET combination showed significantly greater improvements compared to the SSG-only group (p < 0.05).
The SSG+SET group demonstrated a larger increase in total distance coverage and higher VO,max values, reflecting
physiological adaptations such as improved oxygen utilization efficiency and cardiovascular function.

Conclusions. The findings indicate that the combination of Small-Sided Games and Speed Endurance Training is
more effective in enhancing the aerobic capacity of young amateur league soccer players, particularly in terms of total
distance coverage and VO,max. This method offers a comprehensive approach to improving physical fitness while
simultaneously supporting the development of technical and tactical skills through specific game simulations.

Keywords: small-sided games, speed endurance training, total distance coverage, VO,max, young amateur soccer players.

Introduction

Soccer is a complex sport involving various essential
physical components such as aerobic endurance, anaerobic
endurance, strength, power, speed, and agility (Akyildiz et
al., 2022; Komarudin et al., 2022). Among these, aerobic
endurance forms the foundation, as it is critical to sustaining
performance during a match that lasts 90 minutes or more
(Harrison et al., 2015). Players are required to maintain

© Norrahmah, E, Zalillah, S. I, Kusuma, I. D. M. A. W,
Syafii, L, Bulgini, A., Fajar, M. K., & Bharlaman, M. B. E,
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physical intensity throughout the match, including running,
fast walking, and sustaining optimal performance levels
(Bangsbo et al., 2006; Ouertatani et al., 2022; Scott et al.,
2014). Overall physical fitness significantly impacts game
performance, as players with better physical conditions
are more capable of maintaining consistent performance
and handling pressure from opponents in dynamic game
situations (Gongalves et al., 2016; Mujika et al., 2018).

In modern soccer, achieving an optimal combination
of technical and physical abilities is crucial. Therefore, a
systematic and well-planned training program, including
periodization, is necessary to attain high levels of strength
and endurance (Turner & Stewart, 2014; Williams et al.,
2017). An ideal training program must be holistic to better
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reflect the realities of gameplay (Esposito et al., 2024; Larsen
et al., 2014). The success of training depends significantly
on this holistic approach, as partial or unrealistic training
models may hinder players’” development (Ribeiro et al.,
2022).

Aholisticapproach to soccer training integrates physical,
technical, and tactical aspects relevant to game demands
(Kusuma, Kusnanik, Lumintuarso, & Phanpheng, 2024).
This approach enables players to enhance physical fitness
while improving skills and game understanding. In addition
to creating training conditions that simulate real-match
scenarios, it helps maximize players’ potential, reduce injury
risk, and improve adaptation to the ever-changing dynamics
of the game. Thus, the holistic approach is a fundamental
necessity for improving players’ overall performance.

Small-sided games (SSG) have become a highly popular
training model among soccer coaches. This training method
has proven effective in improving player performance, both
in terms of physical fitness and technical abilities. However,
with the increasing intensity demands of modern soccer,
SSG alone is often insufficient to prepare players optimally
for high-intensity matches. Therefore, combining SSG with
other training methods, such as Speed Endurance Training
(SET), is needed to comprehensively meet players’ physical
needs.

A popular holistic training method in soccer is the
combination of Speed Endurance Training (SET) and Small-
Sided Games (SSG) (Kusuma, Kusnanik, Lumintuarso,
Setijono, et al., 2024). This combination provides a
comprehensive solution for creating training scenarios
that closely resemble real-match conditions. SET improves
players’ physical performance, while SSG, involving small-
field games with short durations, not only contributes to
aerobic fitness improvement but also incorporates technical-
tactical aspects and players’ actual movements (Clemente
& Sarmento, 2021; Taia & Bangsbo, 2010). Previous studies
have shown that the combination of SSG and high-intensity
running-based training offers significant benefits for players’
aerobic capacity (Rabbani et al., 2019).

This approach is expected to address the issue of
separating physical and technical training while preparing
players comprehensively to face various game challenges.
This studyaims to demonstrate the effectiveness of combining
SSG and SET in improving soccer players’ performance and
compare the impact of the SSG+SET combination with SSG-
only training. Thus, this research seeks to provide in-depth
insights into the significant benefits of this approach in
enhancing players’ physical and technical qualities.

This study hypothesizes that the combination of Speed
Endurance Training (SET) and Small-Sided Games (SSG)
has a significant effect on improving soccer players’ aerobic
capacity. Additionally, this holistic approach is expected to
simultaneously enhance players’ technical-tactical abilities,
offering advantages in more realistic and competitive
gameplay contexts.

Materials and methods

Study participants

This study involved 36 randomly selected participants,
consisting of young soccer players competing in amateur

leagues. The average sample characteristics included an age of
20.08 £ 0.97 years, a height of 170.47 £ 4.77 cm, a weight of 62.98
+ 5.89 kg, and a body mass index of 20.08 + 0.97 kg/m’. This
population was chosen to represent young players at the amateur
level, ensuring the study findings provide relevant insights to
support the development of their physical performance.

Study Organization

The research employed an experimental method with
a randomized parallel matched-group design, dividing the
sample into two distinct groups. The 36 participants were
split evenly, with 18 players assigned to the SSG Group and
18 players to the SSG+SET Group. Group allocation was
conducted using a matched-group approach, beginning
with an initial test using the Yo-Yo Intermittent Recovery
Level 1 Test (YYIRI) for all participants. Test results
were used to rank participants by score, from highest to
lowest. Participants were paired sequentially, such as the
top scorer with the second-highest scorer, and so on until
all participants were paired. Each pair was then randomly
assigned to one of the intervention groups.

Statistical Analysis

Mean (average) and standard deviation (SD) were used
to describe the data. Normality and differences in means
were analyzed using the Shapiro-Wilk test, while aerobic
capacity (total distance, VO2 max level) differences between
the SSG and SSG+SET groups were examined using the
Mann-Whitney U test. A p-value of < 0.05 was considered
statistically significant.

Training Program

SSG+SET Training Program combines Small-Sided
Games (SSG) and Sprint Endurance Training (SET) to
improve players’ physical fitness and skills. The field was
divided into three areas: Area 1 (SSG 1) and Area 3 (SSG 2)
were used for SSG sessions, each measuring 20x40 meters,
while Area 2 served as a 20-meter sprint zone connecting
Area 1 and Area 3. Three groups of six players each were
formed: one group trained, while the other two engaged
in active recovery by passing the ball on the sidelines. The
training began with Group 1 performing a combination
of SSG and sprints as follows: playing SSG for 18 seconds
in Area 1, sprinting 20 meters to Area 2, playing SSG for
18 seconds in Area 3, and sprinting back to Area 2. This
pattern was repeated 4 times per repetition, covering a total
of 80 meters in sprints and 72 seconds of SSG play. In one
session, Group 1 completed 8 repetitions, sprinting a total
of 640 meters and playing SSG for 576 seconds. The work-
to-rest ratio was 1:2, with 88 seconds of activity followed by
176 seconds of rest per repetition. The net training duration
per session was 35 minutes and 12 seconds (264 seconds per
repetition x 8 repetitions). After one repetition, the groups
rotated to ensure all players had the opportunity to train and
enough time for active recovery (Bharlaman et al., 2024).

The Small-Sided Games (SSG) training used a 6v6 +
6 neutral player format in a 20x20 meter area with a 2:1
ratio of work to rest (2 minutes work, 1-minute rest) over
10 repetitions. The session started with Team A vs. Team
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B, while Team C acted as neutral players. After 1 minute,
Team A rotated out to become neutral players, while Team
B remained on the field to compete against Team C. This
rotation continued, with each team alternating roles as active
players and neutral players throughout the 10 repetitions.
Each repetition included a 2-minute work phase followed by
a 1-minute rest phase. Total activity time per repetition was
3 minutes, resulting in 30 minutes of training time for all
10 repetitions, including work and rest periods. This format
provided players with role variations, maintained game
intensity, and improved tactical skills and physical fitness.

Results

Based on Table 1 above, there was an increase
in total distance and VO,max in both the SSG and
SSG+SET groups. The SSG group demonstrated moderate
improvements in both variables, while the SSG+SET group
recorded greater increases. For the total distance variable,
the SSG+SET group achieved higher post-test results
compared to the SSG group. Similarly, for VO,max, the
SSG+SET group showed a more significant improvement
after the intervention compared to the SSG group.

Table 1. Descriptive Data for Total Distance and VO,max

Variable
Pretest Total Distance (m)

SSG SSG+SET
1377.78 + 387.14 1371.11 + 323.45
1611.11 +405.79 1748.89 + 368.35

47.98 +3.26 4792 +£2.71
49.94 +3.43 51.09 £ 3.11

Posttest Total Distance (m)
Pretest VO,max (ml/kg/min)
Posttest VO,max (ml/kg/min)

Values are expressed as Mean + SD

Table 2 presents the results of the normality test for
the variables analyzed. Based on the normality test results,
the pretest and post-test data in all groups, both for total
distance and VO,max, indicate that the data distribution
does not meet the assumption of normality. This is evidenced

Distance Coverage

600 -

P <0.0001

400 -

meter

200

Table 2. Normality test result

Variable Statistic df Sig.
Pretest-Posttest Distance Group SSG .8676 18 .0163
Pretest-Posttest Distance Group SSG+SET ~ .8780 18 .0242
Pretest-Posttest VO,max Group SSG .8756 18 .0220
Pretest-Posttest VO,max Group SSG+SET .8949 18 .0468

by significance values smaller than the tolerance threshold of
0.05. Consequently, the non-parametric Mann-Whitney test
was employed to ensure the validity of the research findings
and evaluate the differences between the groups.

Figure 1 presents the results of the Mann-Whitney
test, indicating a significant difference between the SSG
and SSG+SET groups for both total distance and VO,max
variables, as evidenced by a significance value of <0.05.

Discussion

This study aimed to analyze the impact of combining
Speed Endurance Training (SET) and Small-Sided Games
(SSG) on the aerobic capacity of young amateur league soc-
cer players. The pretest results indicated variability in players’
aerobic fitness levels before the intervention. After undergo-
ing 12 combined training sessions over one month, the post-
test results revealed consistent improvements in the players’
aerobic capacity. The combination of speed endurance train-
ing and small-sided games conducted over four weeks with a
frequency of three sessions per week significantly enhanced
the players’ physical fitness (Clemente et al., 2021).

Both SSG and the combined SSG+SET training positively
impacted the improvement of total distance covered during
the running test and the players’ VO,max. However, statistical
tests showed that the group undergoing the SSG+SET
combination training demonstrated more significant
improvements compared to the group that only performed
SSG. This indicates that the addition of speed endurance
training to small-sided game sessions provides more optimal
aerobic stimulation, leading to greater enhancements in the

VO,max

s5—  P<0.0001

Fig. 1. Comparison of Pretest and Posttest Results for Total Distance and VO,max Variables
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players” aerobic capacity. This combination is considered
effective in improving the physical performance of young
amateur soccer players.

The average improvements suggest that the combined
training enhances the players’ physiological adaptations
(Bharlaman et al., 2024). Adaptations such as increased maxi-
mal oxygen capacity (VO,max), improved oxygen utilization
efficiency, and enhanced lung capacity and cardiovascular
function occur when players engage in high-intensity train-
ing (Atakan et al., 2021; Dunham & Harms, 2012). Addition-
ally, the Speed Endurance Training program by Nyberg et al.
(2016) reported similar findings, highlighting VO,max im-
provements as a primary indicator of aerobic capacity. High-
intensity repeated training improves the body’s capacity for
respiratory management, reduces fatigue, and accelerates re-
covery. Continuous aerobic training also boosts lung capac-
ity and cardiovascular efficiency, enabling players to sustain
optimal performance for longer periods (Modric et al., 2020).

The approach used in this study emphasizes the
sustainability of physical adaptations, where repeated
high-intensity training progressively improves endurance,
creating long-term effects that support enhanced athletic
performance. Moreover, Small-Sided Games (SSG) not only
contribute to the development of technical and tactical skills
butalso significantly impact physical fitness (Karahan, 2020).
These games require players to move quickly to find space
within a limited area (Guard et al., 2022; Low et al., 2020).
Previous research has shown that SSG increases players’
work intensity, accelerates reactions, and challenges them to
manage space and time more efficiently (Rago et al., 2018).
The emphasis on rapid transitions between attack and defense
in SSG helps players develop mental resilience and quick
thinking under pressure, which is critical in soccer matches.
Research by Arslanoglu et al. (2024) also demonstrated that
combined training involving aerobic speed, small-sided
games, and maximal aerobic speed effectively enhances
aerobic capacity and overall performance in soccer players.

This study shows that the combination of Speed
Endurance Training and Small-Sided Games significantly
improves the aerobic capacity of young amateur soccer
players, as evidenced by Yo-Yo Intermittent Test level
1 results, which demonstrated average improvements in
aerobic capacity after 12 training sessions over one month.
The intervention produced physiological adaptations,
including increased VO,max, improved oxygen utilization
efficiency, enhanced lung capacity, and better cardiovascular
function. Additionally, this approach strengthened players’
technical and tactical skills, with SSG serving as a medium
to refine tactical abilities in dynamic game-like conditions.
These findings align with previous studies highlighting the
effectiveness of speed endurance training and small-sided
games inimprovingaerobic fitnessand physical performance.
Beyond physical benefits, Small-Sided Games also enhance
technical and tactical skills through simulated real-game
conditions, making it a holistic and efficient training method
for optimizing soccer players’ performance.

Conclusions

The combination of Speed Endurance Training and
Small-Sided Games has proven to be effective in enhancing
the aerobic capacity of young amateur league soccer players

through significant physiological adaptations and dynamic
simulations of real-game conditions.
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ByKOpPMCTaHHA irop HeMOBHMMU CKNagamu abo

IX NOEAHAHHA i3 TPeHYBaHHAM WBUAKICHOI BUTPUBaNOCTI:

flka meToaunKa epeKTUBHIlLA ANIA NOKPaLLeHHA aepo6HOoi
NPOAYKTUBHOCTI IOHNX PyTOONICTIB amaTOpCbKOi Nirn?

®eni Hoppaxma'48CP, Illepi Ipuc 3amimmax'4P, I [liBa Mage Apiananga Bimxkas Kycyma'A<P,

Imam Cpadii'*“P, Apid Bynkini'*“P, Myxammap Xapic ®@amkap'®P,
Myxammap baryc ®@ipsam bxapnaman'8cP

!Nepxasumit yHiBepcutet Cypabdas

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

Pedepar. Crarrs: 6 c., 2 Tab., 1 puc., 30 mxeper.

Merta gocnimkeHHa. MeTa 1[bOro OCTiPKeHHA MOJIATa/Ia B aHa/li31 BITMiHHOCTEI! 1100 BIVIBY BUKOPUCTAHHA irop Hero-
Buymu cknagam (IHC) Ta ix kom6binanii i3 TpenyBanssam mBupkicHol Burpusanocti (IHC+TIIIB) na piBens aepo6HOI IPORyK-
TUBHOCT] I0HUX (YTOOMICTIB aMaTOPCHKOI JIirH, BIU3HAYEHNIT 32 TOKA3HMKAMI 3aTa/IbHOTO MTOOIAHHSA AMUCTAHLIT Ta MaKCYMalb-
HOTro crnokmuBauHs KucHo (VO,max).

Marepianu ta MeTopu. 3aranom Oyio Biffibpano 36 oHuX GyTOOMTICTIB aMaTOPCHKOI JIiry, pO3IOAIIEHNX Ha /1Bl Ipyy i3 3a-
CTOCYBaHHAM MeTOJMKI I'PYIOBOro 3icTaBnenH:A. CepefHiit Bik y‘{aCHI/IKiB Bubipku cranosus 20,08 + 0,97 pokis, 3pict — 170,47
+ 4,77 cM, Bara — 62,98 + 5,89 xr, infiexc Macu Tina — 20,08 + 0,97 kr/m>. O6upiBi rpynu npoBeny 12 TpeHyBaHb IPOTATOM YOTH-
ppox TYDKHIB, 3 4aCTOTOIO TPY 3aHATTS Ha TVDK/IEHDb. AepOOHY IPOAYKTUBHICTD BI/IMlpIOBaIII/I 32 JIOTIOMOTOI0 TECTY IepepuBYaCcTo-
ro BigHosenHs Mo-Vo piBH1 1 (the Yo-Yo Intermittent Recovery Test Level 1) 3 MeTOI0 OI[iHKM 3arajbHOTO IOIONAHHA AMCTAHII]
Ta nokasHuka VO,max nepej I04aTKOM Ta ITiC/IA 3aBeplLIeHHA iHTepBeHIIii.

Pesynbratu. O611/1Bi METOAMKY TPEHYBaHb O3UTUBHO BIUIMHY/IV Ha HOJIIIIIEHHs PiBHA aepo6HOI IpopyKTUBHOCTL. OfHAK
rpya, sika npoxopwia kombinaniro IHC+TIIIB, nmokasana cyTTeBili HOKpalleHHs OPIBHAHO 3 IPYIIOI0, B sIKill 3aCTOCOBYBAIach
metopuka muire IHC (p < 0,05). Ipynma IHC+TIIB mpogeMoHCTpYBasa 361/blIeHHA 3ara/IbHOTO HOJOIAHHA AUCTAHIII Ta BUII
sHadeHHs VO,max, 1m0 Bigo6paxae ¢isionoriuni aganramii, sK-0T HO/iNIIeHHs e()eKTUBHOCTI CIIOKMBAHHS KICHIO Ta PyHKIIiO-
HYBaHHS CepILeBO-CYIMHHOI CUCTEMM.

Bucnosku. OTpuMaHi faHi CBif4aTh Ipo Te, 1[0 ITOENHAHHA irop HEIOBHMMM CK/IafjlaM! Ta TPEHYBAHH:A MIBUIKICHOI BUTPHU-
BaJIOCTi € e()eKTUBHIIIMM METOJOM IOJ0 TIOKPAIeHHs PiBHA aepOOHOI IPOAYKTUBHOCTI I0HMX (YTOO/ICTIB aMaTOPCHKOI JIiry,
30KpeMa, 3 TOUKM 30Py 3ara/ibHOTO IOJOTAHHA JUCTAHLIl Ta mokasHuKa VO, max. 3a3HaueHNnI MeTO/] IPOIIOHY€E KOMIUIEKCHMIA
HiAXix 7o MOMiMIIeHHA piBHA Qi3NYHOI MiATOTOBIEHOCTI, CIIPYAIOYN IIPK I[bOMY PO3BUTKY TEXHIYHUX i TAKTMYHMX HaBUYOK 32
JOIIOMOTOI0 CIIelU(pIYHMX IrPOBUX CUMYJIALII.

KnrouoBi cnoBa: irpy HemoBHMMM CKIaflaMi, TPEHYBaHH:A IIBMUIKICHOI BUTPUBA/IOCTI, 3aTajbHe MOJOaHHA AMCTAHIII,
VO,max, 1oHi ¢pyTbOIICTH-aMaTOPN.
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Abstract

Objectives. This study aimed to analyze and understand the role and significance of sports performance in the lives
of wheelchair student-athletes. It examines how sports help them navigate physical and psychological challenges,
contribute to identity formation, and aid in their search for meaning in life.

Materials and methods. The study employed a descriptive quantitative approach using a survey analysis method.
Additionally, unstructured interviews were conducted to strengthen the research findings and support the discussion.
The sample consisted of 48 wheelchair student-athletes, categorized as follows: 12 tennis players, 12 archers,

12 athletes, and 12 fencers. The sample characteristics included an average age of 17.7+8.1 years, training experience
of 4.3+4.2 years, and an athletic career duration of 2.1+2.2 years. Among them, 13 athletes have competed at the
national level, and 35 at the regional level. The research instrument was a questionnaire comprising 15 statements
rated on a 1-4 scale, which has been tested for validity, resulting in four key indicators: (1) Improved Quality of

Life, (2) Social Integration, (3) Search for Existence, and (4) Barriers to Participation. Data analysis used descriptive
statistics and the Kruskal-Wallis test (p<0.05) to examine group differences.

Results. For the Improved Quality of Life indicator, the lowest average score was observed in athletics (13.83), while
the highest — in tennis (14.17). Regarding Social Integration, the lowest average score was in athletics (13.50), and
the highest — in archery (13.83). For the Search for Existence indicator, the lowest average scores were observed in
athletics and fencing (13.58), while the highest score was noted in archery (13.83). Regarding Barriers to Participation,
the lowest average score was recorded in fencing (6.75), and the highest — in tennis (7.50). The Kruskal-Wallis value
was 0.425 or p > 0.05, indicating no significant differences between the four wheelchair sports groups.

Conclusions. The findings indicate that wheelchair sports substantially enhance student-athletes” quality of life
across various disciplines. Tennis and fencing recorded the highest perceived quality of life and the lowest barriers to
participation. This study underscores the necessity for standardized facilities, enhanced support systems, and greater
governmental involvement to improve student-athletes’ experiences. These insights contribute significantly to both
wheelchair sports literature and policy development.

Keywords: phenomenology of sports, disability sports, wheelchair student-athletes, quality of life.

Introduction also for those with disabilities, including wheelchair athletes
(Zheng et al., 2023). Research that focuses on sports achieve-
ment for people with disabilities, especially athletes who have
the status of wheelchair students, is important to understand
the various psychosocial and existential dimensions involved
Astuti, R. P,, Rakhmawati, S. D., Pamungkas, M. A., & in their lives (Mindrescu, 2022). Through sport, many wheel-
chair athletes strive for achievement while seeking meaning
Gontara, S. Y., 2025. . 1 . . .
and identity in life, often facing numerous physical and social

(@ EECT'\(;lVS limitations (Calheiros et al., 2020 & Solera et al., 2021). How-

Sport haslong been recognized as a vital means of enhanc-
ing quality of life, not only for physically fit individuals but

© Yulianto, W. D., Sukamti, E. R., Fauzi, E, Prabowo, T. A.,
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ever, the limited scientific studies examining the role of sports
performance in helping wheelchair athletes find meaning in
life highlight the need for further in-depth exploration.

Previous research on athletes with disabilities has
shown that performance sports provide a platform for para-
athletes to develop and affirm their identity, not only as
individuals with disabilities but also as competitive athletes
(Nemcek et al., 2020 & Puce et al., 2023). This involvement
significantly enhances their quality of life and well-being
by fostering a sense of accomplishment, social inclusion,
and self-improvement. Additionally, the social support
athletes receive from coaches, teammates, and the broader
community plays a crucial role in strengthening mental
resilience and overall well-being, ultimately contributing to
a better quality of life (Drézdz, 2020 & Mira et al., 2023).
A study on male wheelchair handball athletes identified
key factors that contribute to their sense of existence, such
as marital status, access to resources, full independence,
regular training, and the use of customized wheelchairs
(Calheiros et al., 2021). Similarly, a study conducted on 192
wheelchair basketball, wheelchair rugby, and rowing athletes
in Poland concluded that high quality of life and satisfaction
with health are critical in supporting the existence of para-
athletes (Nowak et al., 2022). Another study involving 30
athletes across wheelchair basketball, wheelchair tennis, and
wheelchair athletics further supports the notion that sports
participation not only enhances physical health but also
strengthens psychosocial aspects, such as emotional well-
being and interpersonal relationships, both of which are
crucial in affirming their existence in life (Cruz et al., 2024).

For wheelchair student-athletes, sport is more than just
physical activity, but it also serves as a platform for iden-
tity formation, self-expression, and personal growth (Sarol,
2024). In Indonesia, wheelchair sports have gained greater
recognition and wider support over the past decade. Howev-
er, there are still significant gaps in our understanding of the
complexities of these athletes’ lived experiences. Wheelchair
athletes frequently encounter social stigma and exclusion, in
the residential environment, to the school environment mak-
ing sports a crucial avenue for fostering self-worth and social
inclusion (Qasim et al., 2019 & Olive et al., 2021). Failure to
establish a meaningful existence in life can have serious con-
sequences for disabled athletes. Psychologically, it can lead to
low self-esteem, anxiety, and depression, resulting in social
isolation and reduced opportunities in education and career
(Qasim et al., 2019 & Macia-Andreu et al., 2023). These chal-
lenges can also diminish motivation, negatively impact physi-
cal performance, loss of motivation to study and ultimately
affect overall health. Therefore, it is essential for communities
and organizations to provide strong psychosocial support
and ensure effective social integration to promote the holistic
well-being of athletes with disabilities, addressing their men-
tal, physical, and social needs (Mandan et al., 2024).

Given these challenges, a phenomenological study
is a suitable approach for examining the experiences of
wheelchair student-athletes in performance sports. This
research method prioritizes a deep understanding of
subjective experiences and the personal meaning student-
athletes assign to them (Aitchison et al., 2020; Cursiol &
Barreira, 2021). Therefore, this study aims to analyze and
explore the role and significance of performance sports in the
lives of wheelchair student-athletes. It seeks to understand

how sports help them navigate physical and psychological
challenges, how sports contribute to identity formation, and
how they provide a sense of meaning in life. By adopting
a phenomenological approach, this research will offer
deeper insights into the subjective experiences, motivations,
challenges, and successes of wheelchair student-athletes.

Materials and Methods

Study Participants

The sample for this study consisted of 48 wheelchair stu-
dent-athletes from four different sports disciplines, including
12 tennis athletes, 12 archery athletes, 12 athletics athletes,
and 12 fencing athletes. The sample characteristics includ-
ed an average age of 17.7+8.1 years, training experience of
4.3+4.2 years, and an athletic career duration of 2.1+2.2 years.
Among them, 13 athletes have competed at the national level
and 35 at the regional level. Data collection in this study was
conducted following the Declaration of Helsinki and received
approval from both the coaches and competition organizers.

Study Organizations

This study employed a descriptive quantitative research
design with a survey analysis method to examine differences
in results among wheelchair student-athletes across various
sports disciplines. The research consisted of five stages. The
first stage involved a comprehensive observation of different
types of wheelchair sports in Indonesia to identify and
formulate key research problems. Once the research problem
was established, the second stage focused on document
collection, gathering relevant scientific studies on student-
athletes with disabilities, wheelchair athletes, the quality of
life of para-athletes, and sports achievements in disability
sports. This stage served as a preliminary literature review
and helped in developing the research instruments. The third
stage involved the development of research instruments,
where the questionnaire and other tools were refined based
on insights from the literature review. Additionally, a focus
group discussion (FGD) was conducted with lecturers
specializing in sports psychology and disability sports to
assess the feasibility and validity of the research instrument.

In the fourth stage, data collection was carried out
between June 2024 and January 2025 at various competitive
events in wheelchair sports. The data collection process took
place two to three days before each competition, following
official approval from the athletes’ coaches. Once the coaches
granted permission, wheelchair student-athletes were
invited to participate voluntarily, ensuring the principle of
autonomy was upheld. To enrich the findings, unstructured
interviews with wheelchair student-athletes were also
conducted during this phase. The final stage involved report
preparation and publication, where the research findings
were compiled into a scientific paper for dissemination. This
study had been formally approved by the relevant institution
under approval number B/1480/UN34.16/PT.01.04/2024.

Statistical Analysis

The data analysis in this study was conducted in three
stages. The first stage involved testing the instrument’s validity
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using the Aiken V formula (Aiken, 1985), as illustrated in
Figure 1. The second stage consisted of descriptive analysis,
which examined the results of the questionnaire responses
collected from athletes. The third stage applied the Kruskal-
Wallis test (p<0.05) to analyze differences in responses
among the four wheelchair sports disciplines. All data
analyses were conducted using SPSS 26 (George & Mallery,
2019). The questionnaire utilized a four-point Likert scale,
where 1 = “strongly disagree,” 2 = “disagree,” 3 = “agree,” and
4 = “strongly agree”

V Aiken’s: LS
n(c-1)
S ir=lo
Lo : lowest rating score
C : highest rating score
r : the score given by the assessor

Fig 1. Aiken V Formula

Results

Instrument Validity Test

The first stage of data analysis involved testing the
validity of the questionnaire using Aiken V. The development
of this questionnaire was part of the third stage of the

Table 1. Questionnaire Validity Test Results

research process. The validity test was conducted by three
lecturers specializing in sports psychology and two lecturers
specializing in disability sports. The results of the validity
test are presented in Table 1.

Based on the results in Table 1, this questionnaire con-
sists of 15 statement items divided into four key indicators:
(1) Improvement of Quality of Life, (2) Social Integration,
(3) Search for Existence, and (4) Barriers to Participation.
Each of these indicators is further broken down into specific
sub-indicators. The first indicator, Improvement in Qual-
ity of Life, includes sub-indicators such as Physical Health
and Mental Health. The second indicator, Social Integra-
tion, consists of Social Interaction and Social Support. The
third indicator, Search for Existence, is represented by Self-
Recognition and Role in Society. Lastly, the fourth indicator,
Barriers to Participation, comprises Infrastructure, Finan-
cial Support, and Social and Cultural Factors. The Aiken
V values for each statement item were all greater than 0.7,
indicating that the items are valid and suitable for data col-
lection (Susiono et al., 2024 & Wedi et al., 2024).

Descriptive Analysis

Once the questionnaire was confirmed as valid and
appropriate for data collection, data was gathered from
48 wheelchair stundet-athletes. Following this, a second

Indicator Sub - Indicator Statement Item Aiken V. Description
Wheelchair sports increase my physical strength 1 0.733 Valid
Physical Health Participating in sports helps maintain my ) 0.800 Valid
Improvement in Quality cardiovascular health ’
of Life ; e .
I feel happier when I am active in wheelchair 3 0.800 Valid
Mental Health sports
Wheelchair sports helps reduce my stress 4 0.867 Valid
I met many friends through wheelchair sports 5 0.867 Valid
Social Interaction
I feel accepted in my sporting community 6 0.867 Valid
I get enough moral support from fellow .
Social Integration wgheelchairg athletes P 7 0.733 Valid
Social Support The coaches and support staff provided good
encouragement for my development as an 8 0.733 Valid
athlete
; fe'el wheelchair sports give me more purpose 9 0.800 Valid
in life
Self-Recognition . ) ) It
chievements in sports increase my self- 10 0.867 Valid
confidence
Search for Existence oel that throush wheelchai o
I feel that through wheelchair sports, I inspire 11 0.800 Valid
others
Role in Society ) I oel lik
My success in sports makes me feel like an 12 0733 Valid
important part of society
Infrastructure I often encounter }nfrastructure that does not 13 0.733 Valid
support wheelchair sports
Barriers to Participation  Financial Support I feel ther.e is alack qf financial support for 14 0.800 Valid
wheelchair athletes like me
Social and Cultural I still feel discrimination in the sports 15 0.867 Valid

environment
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analysis was conducted using descriptive statistics, as
presented in Table 2. The questionnaire contained 15
statement items, each rated on a 4-point scale. The Quality
of Life Improvement Indicator, Social Integration Indicator,
and Search for Existence Indicator each contained four
statement items, resulting in a minimum possible score
of 4 and a maximum score of 16. Meanwhile, the Barriers
to Participation Indicator included three statement items,
leading to a minimum score of 3 and a maximum score of 12.

Table 2. Descriptive Analysis Results

Indicator Min Max  Mean SD
Improvement in Quality of
Life
Tennis 12 16 14.17 1.403
Archery 12 16 13.92 0.996
Athletics 12 15 13.83 0.937
Fencing 12 16 14.00 1.279
Social Integration
Tennis 12 16 13.75 1.215
Archery 12 16 13.83 1.193
Athletics 12 15 13.50 0.905
Fencing 12 16 13.75 1.215
Search for Existence
Tennis 12 16 14.58 1.165
Archery 12 16 13.83 1.337
Athletics 12 16 13.58 1.165
Fencing 12 15 13.58 1.311
Barriers to Participation
Tennis 6 9 7.50 0.905
Archery 7 9 7.33 0.651
Athletics 6 8 7.08 0.793
Fencing 6 8 6.75 0.622

Based on the results in Table 2, for the Improvement
in Quality of Life Indicator, the lowest average score was
in Athletics (13.83), while the highest was in Tennis court
(14.17). For the Social Integration Indicator, the lowest average
score was in Athletics (13.50), and the highest was in Archery
(13.83). In the Search for Existence Indicator, the lowest
average scores were in Athletics and Fencing (13.58), while
the highest was in Archery (13.83). Lastly, for the Barriers
to Achievement Indicator, the lowest average score was in
Fencing (6.75), and the highest was in Lawn Tennis (7.50).

Kruskal-Wallis Test

The third analysis was a Kruskal-Wallis test of group
differences in the four types of wheelchair sports. The results
of this test are shown in Table 3 below.

Based on Table 3, the Asymp value. Sig is 0.425 or
p>0.0.5, so there is no difference in the answers between the
four wheelchair sports groups. Thus, there is no need for a
post hoc test because there is no difference.

Table 3. Kruskal-Wallis Results

Questionnaire Results

Kruskal-Wallis H 2.790
df 3
Asymp. Sig. 0.425
Discussion

After conducting data analysis and obtaining research
findings, the results indicate that despite variations in sports
types, technical aspects, and team dynamics, the overall
impact of wheelchair sports at student level on the search
for existence and the achievement of a meaningful life
appears to be consistent across different sports. Therefore,
the discussion in this study analyzes the descriptive results
for each type of wheelchair sport. The first analysis focuses
on the contribution of sports to improving the quality of
life for wheelchair stundet-athletes. The findings show that
wheelchair tennis student-athletes provided the highest
ratings, while athletics student-athletes had the lowest. This
difference can be explained by several scientific factors,
such as varying levels of physical intensity across sports.
Wheelchair tennis is a sport that often requires more
intensive physical activity, which not only enhances strength
and cardiovascular health but is also effective in reducing
stress and increasing happiness (Grenier et al., 2023). As a
result, wheelchair tennis student-athletes experience greater
social interaction compared to sports like archery, which
tends to be more individualistic (Ramalingam et al., 2021).
Archery is considered an individualistic sport because
performance is measured based on each athlete’s personal
skills and abilities (Wibowo et al., 2024). This individualistic
nature can also lead to social isolation due to the lack of team
interaction or collaboration, requiring student-athletes to
develop strong mental resilience to cope with competitive
pressure without direct support from teammates, coaches, or
even family (Mandan et al., 2024 & Imtihansyah et al., 2024).

Moreover, differences in training opportunities
and access to resources across sports may influence the
assessments. Several studies indicate that access to resources
such as adequate training facilities, well-structured training
programs, and healthcare services also play a crucial role in
enhancing the quality of life for disabled student-athletes
(Luna et al., 2021, Park et al., 2022, & Wang et al., 2024).
Based on the researchers’ analysis, wheelchair tennis may
have better facilities, more structured training, and broader
support, making these athletes feel more acknowledged as
professional athletes. Meanwhile, athletes in other wheelchair
sports, such as archery, athletics, and fencing, primarily
expressed that they were only given proper attention and
treated appropriately as athletes and individuals without
special needs. Additionally, other studies indirectly support
the idea that providing proper care and attention to disabled
student-athletes can offer greater mental stimulation and
emotional support (Rahmawati et al., 2020 & Sudarko et
al., 2023). Differences in the popularity and recognition
of each sport may also contribute to these variations.
More popular sports, such as tennis, often receive greater
community support and social validation compared to other
sports (Kawakami et al., 2024), which in turn can positively
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influence student-athletes perceptions of the benefits of
sports on their overall quality of life.

A second analysis focusing on Social Integration
Indicators revealed that student-athletes reported the highest
levels of social integration, whereas track and field athletic
student-athletes gave the lowest ratings. Responses from
wheelchair archery student-athletes explained that there was
always intense interaction between athletes with disabilities.
The results of previous studies also explain that, even though
archery is individual, activities that involve togetherness
between friends, such as joint training and competition in
a team, can facilitate the formation of strong social bonds
(Leung et al., 2020 & De Oliveira et al., 2021). In addition,
this aspect is also strengthened by training arrangements that
encourage moral support and encouragement from coaches
and other student-athletes (Latief et al., 2024), which in turn
increases feelings of acceptance and respect in the sports
community.

In contrast, low scores in wheelchair athletics student-
athletes may reflect a similar lack of social interaction.
Track and field wheelchair athletics also explain that
they only focus on pursuing time and distance targets
for success. Then, the competitive nature of individual
athletics allows training to be more focused on individual
performance, which can reduce opportunities for in-depth
social interaction (Purnomo et al., 2024). A perceived lack
of moral support and encouragement that may be deemed
inadequate by support staft or coaches may impact disabled
athletes’ and especially wheelchair athletes’ perceptions of
their social integration (Coates & Howe, 2023 & Mira et
al., 2023). The findings on this Social Integration Indicator
demonstrate the importance of community structures,
environment in schools that supports their potential and
support in wheelchair sports for athletic development and
student-athletes social well-being.

The third analysis of this study, which focuses on the
Search for Existence Indicator, shows that archery student-
athletes provided the highest ratings. However, wheelchair
student-athletes generally believe that being an athlete brings
positive changes in their lives. Sports play a crucial role in
giving them a sense of purpose, boosting self-confidence,
inspiring others, and making them feel like an essential part
of society (Mandan et al., 2024 & Cruz et al., 2024). On
the other hand, wheelchair student-athletes in athletics and
fencing reported the lowest ratings in this aspect, indicating
potential differences in how sports contribute to their search
for existence and social recognition. They expressed concerns
about the lack of recognition and appreciation from others,
such as receiving congratulations after a competition victory
or being acknowledged as athletes.

Nevertheless, they also expressed satisfaction and
happiness in their roles as student-athletes. They felt
recognized by fellow athletes, coaches, sports organization
officials, and even the government, which provided them
with material support such as monthly stipends and rewards.
This support enhances their self-esteem and confidence
by validating their efforts and achievements (Zheng et al.,
2023) while also reducing financial burdens, allowing them
to focus more on training and competition (Rodriguez
Macias et al., 2023). Furthermore, such support reflects a
commitment to inclusion and equality, improving public
perception and fostering a more supportive and inclusive

sports environment (Calheiros et al., 2021). This support not
only enhances the individual quality of life for athletes but
also strengthens positive values within society as a whole.

The high scores given by archery student-athletes can be
explained by several factors. Archery often requires intense
concentration, precision, and dedication (Mahlovanyy et al.,
2023). These demands may help student-athletes develop
a strong sense of purpose and increased self-confidence
through their achievements in the sport (Latief et al., 2024).
Additionally, as a sport that receives less media attention
compared to others, success in archery can create a unique
and significant sense of inspiration within their community.
Such achievements contribute to a greater feeling of social
inclusion and enhance social interactions, reinforcing
the athlete’s identity as a contributing member of society
(Berardi et al., 2021 & Zabala-Dominguez et al., 2023).

The fourth analysis in this study, which evaluates the
Barriers to Participation Indicator, shows that wheelchair
tennis student-athletes experience the highest participation
barriers, whereas wheelchair fencing athletes report the
lowest. Previous studies highlight that key factors influencing
the participation of individuals with disabilities in sports
include infrastructure that meets their specific needs (Luna et
al,, 2021 & Wang et al., 2024), and an inclusive environment
that welcomes individuals with special needs (Aitchison
et al., 2020 & Grenier et al., 2023). Further explanations
from wheelchair tennis student-athletes indicate that their
sport requires more complex and expensive infrastructure,
including large courts often equipped with specialized
accessibility features that may not be available or adequate
in all locations.

On the other hand, wheelchair fencing student-
athletes report fewer participation barriers, which may
be due to the sport’s simpler infrastructure requirements
and its easier adaptability for accessibility. The smaller and
possibly more close-knit wheelchair fencing community
may also provide more intensive and personalized social
and financial support (Villiere et al., 2021). Such conditions
indirectly contribute positively to the experience of
wheelchair student-athletes, as they may be less exposed
to social discrimination compared to those in larger or
more competitive sports environments (Kunene, 2023).
To reduce participation barriers for wheelchair student-
athletes, it is crucial to improve fundamental aspects of
accessibility. This includes enhancing the quality of services
to create a safe and comfortable training environment, such
as providing easily accessible training facilities, separate
training areas for wheelchair users and general participants,
dedicated wheelchair-accessible pathways, health and safety
guarantees, and post-retirement athlete welfare (Mandan
et al., 2024, Arrum et al., 2024, & Prabowo et al., 2024).
Additionally, greater involvement from the government and
academic institutions is essential to encourage individuals
with disabilities to participate in sports (Kasiyanto, 2023
& Nagata et al., 2023). Thus, it can help reduce social
discrimination against individuals with disabilities through
increased public awareness and inclusion in sports.

The main limitation of this study is that disability sports
competitions, particularly wheelchair sports in student level,
remain very limited in Indonesia, making data collection
challenging due to cost and time constraints. Additionally,
the lack of research on wheelchair sports and student-
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athlete with disabilities has led researchers to rely on broader
references, such as general disability sports and Paralympic
sports. The publication of this study aims to provide deeper
insights into disability sports, specifically wheelchair sports.
Future research should include a wider range of wheelchair
sports, a larger sample size, and more detailed research
methods to produce more comprehensive scientific articles
with in-depth discussions.

Conclusion

This study comprehensively examines the impact
of wheelchair sports on student-athletes quality of life
by analyzing aspects of social integration, the search for
existence, and barriers to participation across various
wheelchair sports disciplines. The findings indicate that
while athletes from different wheelchair sports, such as
tennis, archery, athletics, and fencing, face unique challenges
and benefits, wheelchair sports generally have a significant
and positive impact on enhancing their quality of life. This
includes improving social integration, strengthening the
search for existence, and overcoming participation barriers.
Wheelchair sports serve not only as a physical activity but
also as a vital tool for social and emotional empowerment.
Among the sports studied, wheelchair tennis was perceived
to provide the highest quality of life, while fencing had the
lowest barriers to participation. However, the study also
highlights disparities in accessibility and support across
different wheelchair sports, emphasizing the need for
a more standardized approach to facility provision and
athlete support. Furthermore, government and institutional
involvement in improving infrastructure and support for
wheelchair student-athletes is crucial in enhancing their
overall experiences and outcomes. Therefore, this study
makes an important contribution to the literature on
wheelchair sports, guiding future policies and practices
toward a more inclusive and supportive development for all
wheelchair student-athletes.
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3HaYeHHA CNOPTUBHOI Pe3yNbTaTUBHOCTI B XKUTTi
CTYAEHTIB-CNOPTCMEHIB Ha iHBaNiAHNX Bi3Kax

Baxio [IBi FOnianTo'4*PF, Enpmanr Pini CykamTi'APE, @ay3i'A*P, Tpicnap Api
ITpa6oBo***“PE, Pictanti ITymxki ActyTi'“PF, Centiana [IBi PaxmaBati®®?,
Maynana Anitesa ITamynrkac®*P, Carpis I0ai Tontapa*“®

!MepxaBHmit yHiBepcuteT [>KOK AKapTH
*YuiBepcuter Myxammanii B Bpe6i
*YuiBepcuret [Ixenpepana Coenipmana
*YuiBepcuret Cebemac Mapet

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

Pedepar. Crarts: 9 ., 3 TabL., 47 DXKeper.

Merta gocnimkenns. Lle gocnifpykenna Mano Ha MeTi IpoaHali3yBaTy Ta 3pO3yMiTH PO/Ib i 3HaYeHH:A CIIOPTUBHOI pe3ybTa-

TUBHOCTI B JKUTTi CTYy[€HTiB-CIIOPTCMEHIB Ha iHBa/liJHMUX BisKaX. Y NOCIiKEHH] pO3INAAETbCA MMTAHHA IOfI0 TOTO, AK CIOPT
moromarae iM jonatu GisndHi Ta CUXonorivyHi TpysHOLIi, cripuse GOPMYBaHHIO iIEeHTMYHOCTI Ta IOJIETLIYE MOIIYK CEHCY XKUTT.

Marepianu Ta MeTOgM. Y JOC/TIPKEHHI 3aCTOCOBAHO ONMCOBMI Ki/IbKiCHUII MifXiJ| i3 BUKOPMCTAHHAM METOMY aHa/li3y OIM-
TyBaHb. Kpim TOro, IpoBeeHi HecTpyKTypoBaHi iHTepB 10 1A MiAKPIlIeHHs pe3y/IbTaTiB JOCIIPKeHHA Ta MiATPUMKN JMUCKYCIL.
Bubipxka cxmananacs i3 48 cTyaeHTiB-CIOPTCMEHIB Ha iHBa/IifHNX BisKax, siki 6y/1u posmopineHi 3a Takumy KaTeropisiMu: 12 TeHi-
cucriB, 12 ny4HuKiB, 12 nerkoareris i 12 dpexTysanbHuKiB. XapakTepucTiky BUOIpKYU BK/IIOYaIN cepenHiit Bik — 17,7 + 8,1 po-
KiB, OCBif TpeHyBaHb — 4,3%4,2 pOKM Ta TPMBATICTb CHOPTUBHOI Kap epu — 2,1+2,2 poxn. Cepel y4aCHUKIB JOCIi/PKeHHA
13 ciopTCMEHIB 3Marajics Ha Hal[ioHa/IbHOMY PiBHI, 35 — Ha perioHanbHOMY. B IKOCTi iHCTPYMEHTY HOCTi/P>KEHHA BUKOPUCTO-
BYBaBCsA ONUTYBAJIbHUK, 1IJ0 CKIafIaBCA i3 15 TBepaKeHb, sKi OLIHIOBAINCA 3a MIKA/IOW Bifj 1 1o 4 6aiB, mepeBipeHNiT Ha BasIij-
HICTB, B pe3y/IbTaTi 40ro 6y/I0 OTpUMaHO YOTHPHM K1o4oBi mokasHuku: (1) IlokpaienHs sikocti »xutts, (2) CorianpHa iHTerparis,
(3) Iommyk 3aco6iB fo icuyBanH: Ta (4) Ileperukoan i y4acTi B 3MaranHsx. [/ aHasIisy AaHUX BUKOPUCTOBYBA/INCI METOLU
OIICOBOI CTaTUCTNKM Ta KpuTepiit Kpackenma-Yonica (p < 0,05) 3 MeTOI0 BUBYEHH:A IPYIIOBNX BiIMiHHOCTEIA.
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Pesynbratu. 3a nokasankoM «IToKpaljeHHs SIKOCTI >KUTTsI» HAHIDKYMIT CepeHilt 6an crocTepiraBcst B JIETKil aTieTnii
(13,83), a HaBuimuit — y Tenici (14,17). 3a mokasHukoM «ColliazibHa iHTerpaljis» HalHYDKYMI cepefiHiit 6an 3adikcoBaHo B
nerkiit arernui (13,50), a HaiBuimit — y cTpine6i 3 myka (13,83). 3a mokasHukoM «ITomryk 3aco6iB 10 iCHYBaHHs» HalHIDKYI Ce-
penHi 6amy crioctepiranncs B Jerkiit arietuii ta gpexrysanHi (13,58), Toai AK HAMBUIUIT pe3y/IbTAT Bij3HAUEHO y CTPI/IbOi 3 TyKa
(13,83). Ilomo moxasHuKa «Ileperkomy [Isl yIacTi B 3MaraHHsAX», HAITHIDKIWI cepeRHiit 6ar 3adikcoBaHo y pexTyBaHHi (6,75), a
HaiiBMIuiT — y TeHici (7,50). 3HaueHH:a kpurepito Kpackena-Yomrica cranosuio 0,425 a6o p>0,05, 1110 CBifunTh PO BiiCy THICTH
3HAYyIMX BiJMiHHOCTEl MK 4OTMPMa IrpyliaMy CHOPTUBHIUX 3MaraHb Ha iHBaJIi[HUX Bi3Kax.

BucHoBku. Pesynbratu JOCTiIKEHHA IIOKA3yIOTh, 110 CIIOPTUBHI 3MaraHHsA Ha Bi3KaX CyTTE€BO HiBUINYIOTb AKiCTb XKUTTS
CTYZIeHTIB-CIOPTCMEHIB y Pi3HUX AUCHMIUIIHAX. Y TeHici Ta (exTyBaHHI 3adiKCOBAHO HAVBUINMII PiBEHb CHPUIHATTA SIKOCTI
SKUTTS Ta HalIMEHIIi NepemKoAn /1A y4acTi B 3MaraHH:AX. Lle mocmimkenHa migkpecioe HeOoOXigHICTh CTaHJapTH3alii yMOB,
BJIOCKOHAJICHHA CHCTEM HiATPMMKM Ta Gi/IBLIOrO 3aydeHH: Jiep)KaBM 3 METOIO IOKPAIIeHHA JOCBily CTYAEHTIB-CIIOPTCMEHIB.
OTpumaHi jaHi € 3SHAYHMM BHECKOM fAK y PO3BUTOK JIiTepaTypy 3 IUTaHb BUBYEHHA CIIOPTUBHMX 3MaraHb Ha BisKax, Tak i B pos-
po6yeHH BiATIOBITHUX CTpaTerill B L1l ramysi.

KirouoBi cmoBa: heHOMEHO/IOTIs CIIOPTY, APACIIOPT, CTYAEHTH-CIIOPTCMEHN Ha iHBA/IIHMX Bi3KaX, SIKICTb KMTTS.
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Abstract

Background. Badminton, a racquet sport that has gained global popularity, demands technical precision, tactical
awareness, and exceptional physical fitness. Skills such as smashing, footwork, and minimizing errors are critical
to success. However, the specific influence of age and gender on these metrics, especially among younger players,

remains underexplored.

Objectives. This study aimed to examine the effect of age and gender on key badminton performance metrics,
including smash ability, footwork, and unforced errors, in order to identify developmental and demographic factors

influencing skill acquisition and execution.

Materials and methods. A quantitative descriptive study involved 24 athletes (aged 9-14) from the Wincorp
badminton organization in Surakarta, Indonesia. Participants were grouped by age (9-10, 11-12, 13-14 years) and
gender, ensuring equal representation. Over two months, data on smashing, lobbing, driving, footwork, and error
rates were collected. Descriptive statistics and MANOVA analyzed differences, with a significance level set at p < 0.05.
Results. MANOVA revealed significant age-related effects on smashing (p = 0.000), footwork (p = 0.000), and error
points (p = 0.000), with beginners (13-14 years) excelling in most metrics. Gender differences were also found to be
substantial for smashing (p = 0.000), footwork (p = 0.000), and error points (p = 0.003), with males outperforming
females in most categories. Interaction effects between age and gender were significant for smashing and footwork
(p < 0.05). However, no considerable differences were observed for netting and serving strokes across age or gender.
Conclusions. The study indicates that age and gender significantly influence badminton performance metrics.
Beginner athletes (13-14 years) demonstrated superior skills compared to younger groups, while males generally
outperformed females. These findings highlight the importance of tailoring training programs by age and gender

to optimize skill development and reduce performance gaps. Further studies should be performed to investigate
biomechanical and psychological factors to refine coaching strategies.

Keywords: badminton, athlete characteristics, age, gender, performance metrics, smash skills, footwork.

Introduction

Badminton is widely regarded as one of the fastest
racquet sports globally (Ali Siong, 2023; Pan et al., 2024;
Pratama, et al., 2024; Rusdiana et al., 2023; Zubir et al., 2022),
offering opportunities for players of all ages to compete
across varying skill levels, including in Indonesia, where it

© Pambudi, T, Sugiyanto, E, Tomoliyus, T., Ilham, I.,
Orhan, B. E., & Geanta, V. A., 2025.
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is trendy (Sepdanius, Rifki & Gemaini, 2023; Loureiro &
Freitas, 2012). This sport is characterized by its demand for
quick planning and execution of movements, rapid reaction
speed, and precise temporal and spatial control, especially in
positioning the racket to intercept the shuttlecock, making
these competencies essential for successful players (Huang,
2023; Prajongjai et al., 2023; Lam et al., 2018). Players must
also exhibit exceptional athleticism and adapt to the sport’s
high physical and cognitive demands (Setijono et al., 2024;
Stovba et al., 2020).
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In addition to the technical and tactical requirements,
Malwanage, Senadheera & Dassanayakeand (2022) and
Woodward (2013) emphasized that aerobic stamina, agility,
strength, explosive power, speed, flexibility, balance, and
coordination are critical components of physical fitness
in badminton. Research has shown that specially selected
exercises significantly improve the speed and accuracy of
attacking strokes in young badminton players, underscoring
the role of targeted training in enhancing performance
(Shevchenko et al., 2023). Elite-level players display a
superior ability to integrate visual cues from opponents’
movements, enabling them to anticipate actions effectively
and outperform lower-level competitors (Abdullah et al.,
2023). Furthermore, badminton is distinguished by the
shuttlecock’s extreme speed during elite matches, where it can
exceed 250 km/h (Abidn et al,, 2017). Alongside its physical
demands, the sport involves a high level of perceptual-motor
performance, tactical acumen, and psychological resilience
in competitive scenarios (Arnando et al., 2023; Hiilsdiinker
et al., 2021; Jaworski & Zak, 2016; Munzert et al., 2008).
Given these complexities, evaluating game activities during
tournamentsis crucial for advancing high-level performance.
Players must perform rapid directional changes, lunges,
jumps, and arm movements, requiring significant postural
adjustments ( Nugroho et al., 2022; Nugroho et al., 2021;
Ozgiir & Hotaman, 2020; Rusdiana et al., 2021). Recent
research has highlighted the significant association between
the Medial Longitudinal Arch (MLA) and static balance in
recreational badminton players, emphasizing the importance
of considering foot structure in performance enhancement
(Han etal., 2022). Key skills in badminton include stroke play
and footwork, which rely heavily on hand-eye coordination
and balance, respectively (Woodward & Williams, 2017).
Effective footwork entails quick directional changes, precise
acceleration or deceleration, and enhanced shot accuracy
(Ferrauti et al., 2013). Navigating the six court zones
(frontcourt, midcourt, backcourt, and lateral zones) involves
diverse stepping techniques, lunges, and arm motions (Wang
etal., 2024). As such, agility in footwork is a central focus in
training and competition (Gusliandi et al., 2020; Pratama,
et al., 2024).

Over time, badminton has undergone significant
transformations, highlightingtheimportance of performance
analysis as an integral part of training programs. These
analyses provide athletes with critical insights for improving
their skills. For example, the modern scoring system, which
requires players to achieve 21 points in two sets, assigns points
for each successful stroke and penalizes unforced errors
(UEs). Coaches and sports scientists thus analyze match-
related performance metrics to inform tactical and technical
training strategies. Technical skills, including reducing UE)
and increasing winner points (WPs), are crucial markers
of a player’s proficiency (Barreira & Chiminazzo, 2020).
Hughes and Bartlett (2002) state that WPs and UEs are the
primary metrics for assessing technical competence. UEs
are particularly prevalent among players who lose high-
level matches (Laffaye, Phomsoupha & Dor, 2015). For
them, UE and WP are the leading performance metrics that
change depending on the qualities of players in badminton
matches. Blomqyvist, Luhtanen & Laakso (1998) highlighted
that analyzing a match’s technical elements, particularly UEs
and WPs, is critical to understanding player performance.

Prior research has consistently shown that players who lose
matches, regardless of gender, nationality, or performance
level, tend to commit more UEs than WPs (Abian-Vicen et
al.,, 2014; Abian et al.,, 2013).

Although many studies have examined WPs and UEs as
performance indicators in badminton, detailed analyses of
specific skills like hitting ability, footwork, and error points
across various player categories still need to be included.
This gap is particularly evident among younger or beginner-
level athletes, where the relationship between these skills and
match outcomes is poorly understood. Despite the acknowl-
edged importance of balance and footwork for high-level
badminton performance (Malwanage, Senadheera & Das-
sanayake, 2022), existing research has yet to explore how age
and gender influence these critical metrics comprehensively.

The study aims to investigate the influence of age
and gender on smashing skills, footwork, and error
points, analyze the interaction between these factors on
performance metrics, and identify the age and gender
groups that demonstrate optimal performance to inform
tailored training programs for young athletes in Indonesia.

Materials and Methods

Participants

This study employed a purposive sampling method
to recruit 24 participants from the Wincorp badminton
organization in Surakarta, Indonesia. The inclusion criteria
required participants to meet the following conditions: (1) be
a member of the Wincorp organization, (2) have a minimum
of three years of playing experience, (3) fulfil predetermined
anthropometric criteria, and (4) fall within the age range
of 9 to 14 years. The participants were then divided into
three distinct age categories based on their developmental
stage: (1) early-age players (9-10 years), (2) children ‘s-age
players (11-12 years), and (3) beginner-age players (13-14
years). Each group consisted of 8 participants, ensuring
equal representation across the categories. Data collection
occurred over two months, from 15 September to 16
November 2023, during which participants were observed
and evaluated to assess the influence of their characteristics
on badminton performance. Data collection in this study
was conducted following the Declaration of Helsinki and
received approval from the University Ethics Committee.

Research Design

The study utilized a quantitative descriptive research
design to explore the relationship between athlete charac-
teristics (such as age and gender) and specific performance
metrics in badminton. The research focused on three prima-
ry performance variables: smash skills, footwork, and error
points (unforced errors). These variables were selected based
on their relevance to badminton performance and their
established role in evaluating player skills. The design was
chosen to provide a clear, structured assessment of how indi-
vidual characteristics influence these key aspects of the sport.

Variables Observed

The primary variables observed in this study were:
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Smash and Hitting Skills: This category included
techniques such as smash, lob, netting, drive, underhand,
drop shot, and serve. These skills were assessed based on
their execution and effectiveness during match play.

Footwork Performance: Footwork was evaluated in
terms of agility, court coverage, and the ability to change
direction quickly and effectively.

Error Points (Unforced Errors): These were defined
as mistakes made by the players that led to points being
awarded to the opponent. Unforced errors were recorded
and analyzed to measure the players’ technical proficiency
and decision-making during play.

These variables were chosen because they are widely
recognized as core elements of badminton performance and
are essential for evaluating players’ skill levels.

Data Collection

Data were collected through direct observations of
participants during regular training and match play. During
the two-month data collection period, each participant was
observed multiple times to ensure a comprehensive and
accurate assessment of their performance in the targeted
areas: smash skills, footwork, and error points.

Statistical Analysis

Data analysis was performed using SPSS version 26.
Descriptive statistics were first applied to summarize the
participants’ characteristics and the performance metrics
across the three age groups. This included calculating the
mean and standard deviation for each observed variable.
To determine whether there were significant differences
in performance between the groups based on age and
gender, a Multivariate Analysis of Variance (MANOVA)
was conducted. MANOVA was chosen because it allows for
the simultaneous analysis of multiple dependent variables,
which reduces the risk of Type I errors when assessing the
effect of age and gender on performance (Finch, 2016).

Before conducting MANOVA, assumptions of
multivariate normality, homogeneity of variance-covariance
matrices (verified using Box’s M test), and the absence of
multicollinearity were tested to ensure the validity of the
results. Following MANOVA, posthoc analyses using Tukey’s
test were performed to identify specific group differences
when significant results were obtained. The significance
level for all statistical tests was set at p < 0.05, and effect
sizes (e.g., partial eta squared) were reported to provide
further context on the magnitude of observed differences.
This methodological approach was designed to provide a
rigorous analysis of the impact of athlete characteristics on
badminton performance, ensuring that the findings were
both statistically valid and practically meaningful.

Results

Table 1 below presents the average values of the variables
observed in the early age (9-10 years), children (11-12
years), and beginners (13-14 years) categories, as well as in
the gender category.

As shown in Table 1, the average number of smash
shots, lob shots, netting shots, drive shots, underhand shots,

drop shots, service actions, and footwork was higher for
early-aged athletes (aged 9-10 years) compared to children
(10-11 years) and beginners (12-13 years). This trend was
consistent regardless of the athlete’s age category.

When the sample size (N = 8) includes four males and
four females in each group, early-aged athletes displayed
fewer average error points (7.00 for males and 8.50 for
females) than children (14.00 for males and 22.50 for females)
and beginners (13.25 for males and 15.00 for females). Based
on gender, male athletes exhibited higher average numbers
of smashes, lob shots, netting shots, drive shots, underhand
shots, drop shots, service actions, and footwork than female
athletes. Furthermore, male athletes consistently had fewer
error points than their female counterparts (refer to Table 1
for detailed statistics).

Two critical assumptions must be verified before
conductingaMANOVA test: normalityandhomoscedasticity
(Finch & French, 2013). These assumptions were tested to
determine whether they were satisfied using appropriate
statistical procedures. Multivariate normality for MANOVA
was evaluated using the Mardia ( Korkmaz, Goksuluk &
Zararzis, 2014; Oppong & Agbedra, 2016). According to
the results presented in the Levene test table, all observed
variables follow a multivariate normal distribution, as the
p-values for both kurtosis and skewness were greater than
0.05 (p > 0.05). Additionally, the assumption of homogeneity
of variances was tested using the Levene test. The results in
the following table confirm that this assumption was also
met, providing the necessary validation for performing the
MANOVA analysis.

The homogeneity of variance test results, conducted
using the Levene test on the variables of smash, lob, drive,
underhand, and drop shots, revealed p-values > 0.05.
Therefore, the homogeneity of variance assumption was met
for these five of the nine variables tested. This suggests that
the assumptions for these variables are valid, as their loading
values are greater than 0.05. In contrast, netting shots, serve
strokes, footwork, and error points had p-values < 0.05,
indicating that the homogeneity of variance assumption was
not satisfied for these variables.

The MANOVA significance test was performed to
assess the effect of athlete age and gender on seven types of
badminton strokes, footwork, and error points. However,
it is recommended that the MANOVA significance test be
conducted in both simultaneous and partial stages (Soc &
Anderson, 2017).

Since not all homogeneity assumptions were validated,
we relied on Pillai’s Trace to perform the MANOVA test and
obtain significant results simultaneously. Based on the simul-
taneous test results, it was found that the effects of age (F-Sta-
tistic = 15.577 > F-table = 3.554), gender (F-Statistic = 27.869
> F-table = 4.413), and their interaction (F-Statistic = 7.784
> F-table = 3.554) were statistically significant, with each p-
value being 0.000 < 0.05. This indicates that age, gender, and
the interaction between age and gender significantly influ-
ence the seven types of strokes, footwork, and error points
in badminton matches across the three categories studied.
The adjusted R? value for each model or observed variable
was > 0.900, suggesting that the MANOVA model demon-
strates a high validity and goodness-of-fit (Ozili, 2023).

A partial test was conducted to determine whether
asignificant relationship exists between the independent and
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Table 1. Mean values of variables based on age and gender categories

Variable Age Mean SD
Male n Female n Male Female
Early age 14.25 4 11.00 4 1.25 1.15
Smashing shot skill Children 24.00 4 13.25 4 1.82 1.89
Beginner 49.75 4 23.25 4 5.37 3.20
Early age 41.75 4 39.00 4 221 1.15
Lob shot skill Children 44.00 4 55.00 4 6.73 1.63
Beginner 72.50 4 58.75 4 10.40 7.36
Early age 20.25 4 20.25 4 1.25 1.70
Netting shot skill Children 18.75 4 22.50 4 3.77 3.31
Beginner 31.50 4 26.75 4 3.78 17.55
Early age 28.75 4 26.00 4 1.25 816
Drive shot skill Children 32.00 4 26.00 4 3.74 3.82
Beginner 40.25 4 22.25 4 2.21 2.75
Early age 18.00 4 19.00 4 2.44 1.15
Underhand shot skill Children 21.25 4 22.50 4 1.25 2.38
Beginner 35.75 4 23.75 4 3.30 3.94
Early age 13.50 4 14.25 4 1.00 1.50
Dropshot shot skill Children 29.00 4 23.75 4 9.66 3.86
Beginner 55.50 4 36.75 4 5.44 4.78
Early age 39.00 4 38.75 4 816 957
Serving shot skill Children 39.75 4 39.25 4 2.62 3.20
Beginner 40.25 4 38.75 4 3.30 2.36
Early age 274.50 4 221.75 4 6.40 7.04
Footwork shot skill Children 331.00 4 339.75 4 66.87 15.77
Beginner 636.75 4 450.25 4 28.12 15.52
Early age 7.00 4 8.50 4 1.41 577
Error shot Point Children 14.00 4 22.50 4 3.55 2.38
Beginner 13.25 4 15.00 4 2.75 4.08
Table 2. Leveness test for equality of error variances
Variables Levene’s. df1 df1 p-values Description attributed
Smash shot 2,514 5 18 0.068 Assumption verified
Lob shot 2.698 5 18 0.055 Assumption verified
Netting shot 5.582 5 18 0.003 Assumption not valid
Driving shot 2.062 5 18 0.118 Assumption verified
Underhand shot 2.452 5 18 0.073 Assumption verified
Drop shot 2.636 5 18 0.059 Assumption verified
Serving shot 7.279 5 18 0.001 Assumption not valid
Footwork 5.430 5 18 0.003 Assumption not valid
Error Point 3.613 5 18 0.019 Assumption not valid

Test the null hypothesis that the error variance of the dependent variable is equal across groups. A. Design: Age + Gender + Age * Gender

dependent variables of interest or how the different groups/
categories performed on the evaluated variables. If the F-test
statistic exceeds the F-table and the p-value is < 0.05, the
independent variable significantly affects the dependent
variable. The partial test results are presented in Table 3,
showcasing the MANOVA approach’s findings.

Based on the results presented in Table 3 above, athlete
age significantly affects smash shots, lob shots, drive shots,
underhand shots, drop shots, footwork, and error points in
badminton matches. This suggests differences in the number
of smashes, lob shots, drive shots, underhand shots, drop
shots, footwork, and error points across the early-aged,

child-aged, and beginner-aged athlete categories. However,
after analyzing all the data, we found that athlete age does not
significantly affect netting and serving strokes in badminton
matches. Thus, the number of netting and serving strokes
within the group categories is similar.

Athlete gender also significantly affects the number of
smashes, drive shots, underhand shots, drop shots, footwork,
and error points in badminton matches. This indicates
differences in these performance metrics between male
and female athletes. However, as shown in the table, athlete
gender does not significantly affect lob and netting shots.
It serves in badminton matches, as the p-values for these
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Table 3. Multivariate Tests

Effect Value F Hypothesis df Error df Sig.
Pillai’s Trace 1.854 15.577 18 22 .000
A Wilks’ Lambda .002 27.288° 18 20 .000
e
8 Hotelling’s Trace 93.054 46.527 18 18 .000
Roy’s Largest Root 86.597 105.841°¢ 9 11 .000
Pillai’s Trace 962 27.869° 9 10 .000
Wilks’ Lambda .038 27.869" 9 10 .000
Gender i
Hotelling’s Trace 25.082 27.869° 9 10 .000
Roy’s Largest Root 25.082 27.869° 9 10 .000
Pillai’s Trace 1.729 7.784 18 22 .000
Wilks’ Lambda .015 7.936 18 20 .000
Age* Gender o
Hotelling’s Trace 15.993 7.997 18 18 .000
Roy’s Largest Root 11.823 14.451¢ 9 11 .000

a. Design: Age + Gender subjects + Age* Gender subjects

b. Exact statistic

c. The statistic is an upper bound on F that yields a lower bound on the significance level

Table 4. Profile of Partial MANOVA Test

Factor/Effect Variable F-Statistic F-table P
Smashing shot 151.107 3.554  .000
Lob shot 36.188 3.554  .000
Netting shot 3.432 3.554  .055
Driving shot 4.186 3.554 .032
Age Underhand shot 38939  3.554  .000
Drop shot 77.345 3.554  .000
Service shot 0.177 3.554  .839
Footwork 189.173 3.554 .000
Error Point 29.905 3.554 .000
Smashing shot 133.898  4.413  .000
Lob shot 0.558 4.413 465
Netting shot 0.011 4413 916
Driving shot 65.925 4.413 .000
Gender Underhand shot 9.256 4413 .007
Drop shot 13.178 4413 .002
Service shot 0.574 4413 458
Footwork 36.370 4413 .000
Error Point 12.295 4.413 .003
Smashing shot 34.485  3.554  .000
Lob shot 8.510 3.554 .003
Netting shot 0.618 3.554 550
Driving shot 17.833  3.554  .000
{gﬁi‘igﬁ;r Underhand shot 16777 3.554  .000
Drop shot 7.295 3.554  .005
Service shot 0.149 3.554  .863
Footwork 20.466 3.554  .000
Error Point 4.213 3.554 .032

variables were greater than 0.05. Therefore, the number of
lob, netting, and service shots is similar between male and
female athletes.

The interaction between athlete age and gender
significantly affects the variables studied in badminton
matches. This means differences exist in the number of
smashes, lob shots, drive shots, underhand shots, drop shots,
footwork, and error points when considering the interaction
between age and gender. However, the interaction between
age and gender does not significantly affect netting and
serving strokes. Therefore, it can be stated that the number
of netting and serving strokes remains similar across age and
gender interactions.

Following the MANOVA test, a Multiple Comparison
Test using the Tukey test was performed to identify the age
and gender categories of athletes who demonstrated the
best badminton hitting skills, footwork, and error points.
Notations with different alphabets indicate statistically
significant differences in the observed variables between the
groups tested (i.e., age and gender categories).

The information presented in Table 5 represents the
SPSS output from the multiple comparison test based on
age categories. The data collected and analyzed show
significant differences in the number of smashes, lob shots,
drive shots, underhand shots, drop shots, footwork, and
error points across the early-age (9-10 years), child-age
(11-12 years), and beginner (13-14 years) athlete categories.
Specifically, beginner athletes (13-14 years) performed the
best and scored significantly higher in smashes, lobs, drives,
underhand shots, drop shots, and footwork. On the other
hand, early-age athletes (9-10 years) recorded the lowest
error points.

The number of netting and serving strokes across
the early-age, child-age, and beginner categories was
not significantly different. This is reflected in the similar
notations assigned to these groups: (20.250 a) for early-age
players, (20.625 a) for child-age players, and (20.125 a) for
beginner athletes.

Significant differences were also observed in the gender-
based comparison analysis. Male athletes outperformed
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Table 5. Results of multiple comparison tests based on age
and gender distribution

Model Age Notation Gender Notation
Ealy age group ~ 12.625* .
Smash shot Children group  18.625° ij:ll:le ;giggb
Beginner group  36.500° '
Ealy age group ~ 40.375° .
Lob shot Children group ~ 49.500° i/e{:glqeale ?gg;ga
Beginner group  65.625¢ ’
Ealy age group ~ 20.250* .
Netting shot Children group  20.625° i;:f:le ;zégga
Beginner group  20.125* '
Ealy age group ~ 27.375* .
Driving shot ~ Children group  29.000® i;:lleale iiéng
Beginner group  31.250° ‘
Ealy age group ~ 18.500° .
Underhand shot Children group  21.875° i;;rll:le ;égggb
Beginner group ~ 29.750¢ ’
Ealy age group ~ 13.875* .
Drop shot Children group  26.375° ij:ll:le igng
Beginner group ~ 46.125° '
Ealy age group ~ 38.875" .
Service shot Children group  39.500° i/e{:glqeale ;Szé;
Beginner group ~ 39.500° ’
Ealy age group  248.125 .
Footwork Children group 335.375" ij:ll:le iii(z)ggb
Beginner group 543.500° '
Ealy age group 7.750° .
Error Point Children group ~ 14.125 i/e{:zl:le iég;gb
Beginner group  18.250¢ ’

*. The mean difference is significant at the .05 level.

female athletes in the number of smashes, drive shots,
underhand strokes, and drop shots, demonstrating superior
footwork, as shown in Table 5. Male athletes received the
lowest error points (7.750 a). However, there were no
significant differences between male and female athletes in
the number of lob shots, netting shots, and serves, as these
values were similar across both gender categories.

Discussion

In this study, we investigated the influence of athlete
characteristics on smashing skills, footwork, and error points
in badminton matches. The analysis targeted early-aged
players (9-10 years), children (11-12 years), and beginners
(13-14 years). Significant differences were identified
in most performance metrics across age and gender
categories, offering valuable insights into developmental and
physiological factors influencing badminton performance.
Previous research suggests inexperienced badminton players
exhibit longer contact times and smaller foot strike angles
during lunges than skilled players (Lam et al., 2018).

Our findings corroborate this observation, as significant
differences in footwork performance were observed across
age groups. For instance, beginner athletes scored higher
in footwork metrics (543.500) compared to children
(335.375) and early-aged players (248.125). Male athletes

also outperformed female athletes in footwork, with average
scores of 414.083 and 337.250, respectively. These results
highlight the critical role of age and gender in developing
footwork skills, which are essential for success in badminton.
Future research should explore how biomechanical factors,
such as joint angles and reaction times, contribute to these
differences. The observed gender differences in performance
align with earlier studies reporting higher injury risks among
female athletes, particularly knee injuries in sports requiring
rapid directional changes (Dugan, 2005; Stevenson et al.,
1998). Our findings indicate a significant performance gap
between male and female athletes, linked to individual traits
evaluated using predetermined criteria, such as error points,
footwork, and smashing skills. Recognizing the inherent
differences between males and females, including greater
loading rates and superior performance metrics among male
subjects, is essential. These differences might be influenced
by additional factors, such as speed, initial foot strike
patterns, and contact times (Breine et al., 2019).

Male athletes exhibited lower loading rates on lob
shots in the children’s category than female athletes, with
average rates of 44.00 and 55.00, respectively. Interestingly,
no significant difference was found in netting shots among
early-aged players (mean = 20.25 for both groups), while
underhand shots were better performed by females, except
in the beginner category. One plausible explanation is the
difference in movement planes and tested parameters. The
primary objective of this study was to employ MANOVA
to assess how age affects badminton smashing abilities,
footwork, and error points. The results revealed a significant
impact of age, supported by a high F-statistic value (15.577),
exceeding the F-table value (3.554), and p-values below 0.05.
Gender differences also significantly influenced smashing,
footwork, and error points, as indicated by an F-statistic
of 27.869 (higher than the F-table value of 4.413). These
findings align with the research of Putra et al. (2020),
which emphasizes the influence of bio-motor conditions
on movement patterns and the critical role of age in bio-
motor maturity. In badminton, mastering techniques such as
the forehand smash depends on proper movement patterns
and bio-motor maturity, which are strongly age-dependent
(Kusnandi, Asmawi & Tangkudung, 2019; Widiastuti et al.,
2019). Therefore, the development of movement patterns is
inevitably influenced by age and gender differences.

Our results confirm that the smash technique is one of
the most effective methods for scoring points in badminton,
as it allows athletes to produce high shuttlecock speeds
(Putra et al., 2020). By identifying age and gender categories
associated with optimal performance in smashing skills,
footwork, and error points, this study provides evidence-
based insights. For instance, multiple comparison tests based
on age distribution revealed significant differences between
males and females, such as 15.833 for females and 29.333 for
males (see Table 5). Conversely, no significant differences
were found in lob shots, netting shots, or serving shots based
on age or gender. However, a notable disparity emerged in
driving strokes, underhand shots, drop shots, footwork,
and error point performance, emphasizing the influence of
individual characteristics on badminton proficiency.

These findings highlight the value of statistical analysis
in identifying performance determinants in badminton. Five
of the nine variables tested demonstrated strong correlations
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with individual characteristics, as shown in Table 2 (Levene
test results). Further research should investigate the interplay
of biomechanical and physiological factors to deepen our
understanding of age- and gender-related differences in
badminton performance. This study contributes to the
growing body of evidence emphasizing the importance of
tailoring training programs to the unique needs of different
athlete demographics.

This study’s findings are limited by its relatively small
sample size and focus on a specific population of young ath-
letes from a single badminton organization, which may not
represent the broader badminton community. Additionally,
the exclusion of biomechanical and psychological factors and
the reliance on observational data limit the depth of analysis
regarding performance mechanics. Expanding future research
to include more diverse populations and advanced assessment
techniques would provide more comprehensive insights.

Conclusions

The study demonstrates that age and gender significantly
shape key badminton performance metrics, such as smashing
skills, footwork, and error points. Beginner athletes (13-14
years) consistently outperformed younger groups, while
male athletes performed more in most categories than their
female counterparts.

These findings underscore the importance of developing
tailored, age- and gender-specific training programs that
address athletes’ unique needs and developmental stages.
Coaches and sports scientists can optimize skill development
and enhance competitive performance by implementing
targeted interventions, such as improving footwork
efficiency in younger players or reducing error rates among
female athletes.

However, future studies with larger and more diverse
samples and advanced biomechanical and psychological
assessments are needed to deepen the understanding of
these influences and further refine training strategies.
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Icropis nmuranHa. bagMiHTOH, paKeTKOBMII BUJ| CIIOPTY, 1[0 HAOYB CBITOBOI IOIY/IAPHOCTI, BMMAra€ TeXHIYHOI TOYHOCTI,
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Mera gocmigxenns. e focmifkeHHA Mao Ha MeTi BUBYMTHY BIUIMB BiKy Ta IeHJiepy Ha K/II0YOBi IIOKa3HUKY I'PU B 6agMiH-
TOH, BK/IIOYAI04yl BMiHHA BUKOHYBATH CMeIl, POOOTY Hil Ta HeBMMYILEH] IIOMIIKY 33/ BUSHAUYEHHS PO3BUBA/IbHUX Ta EMO-
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TOHHOI oprauisarii “Wincorp” y Cypaxapri, [Hgonesis. Yyacuukis 6y1o srpynosaHo 3a Bikom (9-10, 11-12, 13-14 pokiB) Ta reH-
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Abstract

Background. Physical Education (PE) in Indonesia encounters challenges in optimizing learning based on the
progress and development of the era. The challenge is also observable through the implementation of the Project-

Based Learning (PjBL) model.

Objectives. This study aimed to describe the perspectives and challenges encountered by PE teachers in

implementing the PjBL model at various educational levels.

Materials and methods. This descriptive quantitative approach research used structured and unstructured
questionnaire instruments, involving 28 PE teachers from elementary, junior high, and senior high schools.

Results. The findings of the study revealed that the perspectives of PE teachers on the PjBL model at the elementary
school level obtained a score of 82%, while junior high and senior high schools had scores of 78% and 75%,
respectively. For the indicators of understanding, implementation, and execution of the PjBL model in Q1, Q2, and
Q3, the results were 93%, 82%, and 68%, respectively. Meanwhile, the encountered challenges by PE teachers in
implementing the PjBL model include limited facilities and infrastructure, a lack of teacher understanding regarding
the model’s implementation, and insufficient time to carry out projects. Geographic factors also posed a challenge,

especially for schools in remote areas.

Conclusions. In conclusion, the perspectives of PE teachers on the PjBL model are generally quite effective, but there
are still various problems, so that the experiences provided by the PjBL model cannot be absorbed well by students.
Keywords: Project-Based Learning, physical education, teacher, learning model.

Introduction

Indonesia is currently encountering 21st-century
challenges due to various global issues and is dealing
with three main trends: (1) the ongoing Fourth Industrial
Revolution, indicated by improvements in information and
communication technology in the digital revolution era;
(2) societal changes observed via culture, civilization, and
education transformations; and (3) the rise of the creative
age, perceiving information, innovation, creativity, and
knowledge as valuable resources for both individuals and
society (Hendra, 2021). Education primarily aims to prepare
human resources to adapt and excel competitively in the era
of global competition.

The role of Physical Education (PE) as the foundation
and vanguard of the Indonesian nation requires serious

© Priyohutomo, A., Komarudin, & Sridadi, 2025.
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efforts to develop scientific knowledge, motor activities, and
the character of students (Arifin, 2017). PE is thought to
make a significant difference in a lot of different physical
activities and movements (Mustafa & Dwiyogo, 2020) that
help children grow and develop based on their cognitive,
psychomotor, and affective traits, and their character
development (Yuliawan, 2016).

Essentially, PE learning are always physical activities
that give students meaningful teaching and learning
opportunities and help them understand the needs, benefits
(Abduljabar, 2014), and lifelong learning opportunities
that come with being physically healthy (Firmansyah,
2011). PE within the national education program serves
as a comprehensive learning process that encompasses all
aspects of education (Mustafa, 2022). The underlying reason
is the rapid societal changes and growth, requiring that PE
lessons, teaching models, and methods need to improve and
keep up with the era (Prasetyo & Hamami, 2020; Santika et
al,, 2022).
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PE is expected to make a significant contribution
to children’s development not only intellectually and
psychomotorically through movement but also in terms of
personality development, particularly regarding character
(Yuliawan, 2016). This responsibility lies heavily on
educators to provide appropriate and effective stimuli, which
significantly influence students’ cognitive, affective, and
motor development. Changes in the learning process impact
the stimuli provided by teachers to students. Additionally,
the teaching designs created by teachers profoundly affect
learning outcomes.

The generational shifts and demands of the times present
unique challenges and skills for PE teachers to optimize
students” abilities. Applied teaching models must provide
meaningful learning experiences for students, focusing on
intellect, character, and physical activity. Across educational
levels, educators have applied various PE teaching models,
including cooperative learning, sports education, and
teaching games for understanding. However, thorough
research on several other teaching models is still pending
(Arufe-Giraldez et al., 2023).

Currently, PE learning predominantly focuses on sports
techniques. Consequently, it is unsurprising that students’
interest in PE diminishes over time, and they become less
active in subsequent school years. For both boys and girls, the
choice of teaching materials and styles often fails to provide
meaningful and socially relevant experiences (Hardman,
2010). Field observations indicate that many PE teachers
do not fully utilize teaching syntax, methods, or strategies,
leading to unstructured learning processes for students.

Fostering enjoyable learning environment strategy de-
sign and teaching models are important for students. This
underscores the need to adapt and utilize effective models
that enhance students’ understanding of PE materials and
movements. PE teachers must revisit and refine their teach-
ing designs. Despite the availability of various teaching mod-
els, many PE teachers still employ monotonous approaches
(Khairuddin et al., 2023). Limited capacity to develop and im-
plement diverse teaching models remains a significant issue
in providing quality PE instruction (Putra & Sepriadi, 2022).

PE curriculum, which includes the “Merdeka
Curriculum” and its predecessors, focuses on turning
knowledge into activities that are focused on the students,
rather than activities that are focused on the teacher
(Priyambudi et al., 2023; Sudrahat et al.,, 2022). “Merdeka
Curriculum” allows educators to tailor high-quality learning
experiences that align with students’ needs and environments
(Masturi, 2023; Mujiburrahman et al., 2023). It emphasizes
active student participation to foster engagement and
provide opportunities for students to develop and optimize
their creativity and potential.

However, the role of PE remains underutilized by some
teachers. Evaluations of PE teaching activities indicate
suboptimal outcomes, with most teachers relying on teacher-
centered approaches rather than student-centered ones
(Putra & Sepriadi, 2022). (Sumardi et al., 2020) revealed that
59.17 % of elementary school teachers use teacher-centered
approaches, while only 40.83 % adopt student-centered
processes. Furthermore, 59.17 % still employ conventional
methods lectures and note-taking, whereas only 40.83 %
utilize techniques oriented toward higher-order thinking
development.

Current PE teaching models have yet to address the
various issues within PE instruction effectively. In many
secondary schools, PE teachers continue to rely on conven-
tional methods, resulting in unremarkable sports skills and
learning experiences for students (Khairuddin et al., 2023).

Materials and Methods

Study Participants

This research involved male teachers teaching physical
education (PE) at various educational levels in East Java,
Indonesia. The selected subjects were useful to identify the
perceptions and direct experiences of teachers regarding the
implementation of the Project-Based Learning (PjBL) model.
The research participants consisted of 28 PE teachers from
various types of educational institutions: 11 teachers from
elementary schools, 12 teachers from junior high schools,
and 5 teachers from senior high schools. By involving
teachers from different educational levels, the research
provides a comprehensive overview of PjBL implementation
at the PE level in the region. Data collection in this study
was conducted following the Declaration of Helsinki and
received approval from the University Ethics Committee.

Study Organization

This descriptive quantitative approach research provides
a comprehensive overview of teachers” actual perceptions.
The researchers collected information to reveal objectively
the real portrays of the implementations of Project-Based
Learning (PjBL) model, such as the teachers’ perspectives,
problems, and limitations. This research involved male
teachers teaching physical education (PE) at various
educational levels in East Java, Indonesia. The selected
subjects were useful to identify the perceptions and direct
experiences of teachers regarding the implementation of
the Project-Based Learning (PjBL) model. The research
participants consisted of 28 PE teachers from various types
of educational institutions: 11 teachers from elementary
schools, 12 teachers from junior high schools, and
5 teachers from senior high schools. By involving teachers
from different educational levels, the research provides
a comprehensive overview of PjBL implementation at the
PE level in the region.

Statistical Analysis

Data analysis in this research includes: data reduction,
data display, and conclusion drawing. The researchers began
the process by collecting data through questionnaires,
analyzing the data to create a data display, reducing the
data in the form of narrative text to provide a clear and
detailed description. The final step was to draw conclusions,
where the results of the data display analysis were useful to
strengthen the obtained findings, and to formulate research
conclusions.

Results

Table 1 presents a compilation of survey results from
each education level, from elementary to high school.
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Table 1. The Implementations of PjBL at Various School Levels

Subjects Q, Q, Q, > Q,-Q; x+SD %
Primary School Sample 1 2 3 3 8 2.67 £ 0.6 1.00
Sample 2 2 1 1 4 1.33+0.6 0.50
Sample 3 2 3 2 7 2.33+0.6 0.88
Sample 4 2 3 3 8 2.67 £0.6 1.00
Sample 5 2 3 3 8 2.67 £0.6 1.00
Sample 6 2 2 1 5 1.67 £ 0.6 0.63
Sample 7 2 3 2 7 2.33+0.6 0.88
Sample 8 2 2 1 5 1.67 £ 0.6 0.63
Sample 9 2 3 3 8 2.67 £0.6 1.00
Sample 10 1 2 2 5 1.67 £ 0.6 0.63
Sample 11 2 3 3 8 2.67 £0.6 1.00
2 21 28 24 73 2.21+0.69 0.82
Junior High Sample 12 2 3 3 8 2.67+£0.6 1.00
Schools Sample 13 2 3 1 6 2.00 £ 1.0 0.75
Sample 14 2 2 2 6 2.00 £0.0 0.75
Sample 15 2 3 3 8 2.67 £0.6 1.00
Sample 16 2 3 3 8 2.67 £0.6 1.00
Sample 17 2 2 2 6 2.00+0.0 0.75
Sample 18 2 2 2 6 2.00+£0.0 0.75
Sample 19 2 2 2 6 2.00+0.0 0.75
Sample 20 2 2 2 6 2.00+£0.0 0.75
Sample 21 2 3 3 8 2.67 £0.6 1.00
Sample 22 1 2 1 4 1.33+0.6 0.50
Sample 23 1 1 1 1 1.00 £ 0.0 0.38
2 22 28 25 75 2.08 £0.64 0.78
Senior High Sample 24 2 3 1 6 2.00+ 1.0 0.75
Schools Sample 25 1 1 1 3 1.00 0.0 0.38
Sample 26 2 3 3 8 2.67 £0.6 1.00
Sample 27 2 3 1 6 2.00+1.0 0.75
Sample 28 2 3 2 7 2.33+0.6 0.88
2 9 13 8 30 2.00 £0.85 0.75

The information includes how PE teachers understood the
PjBL learning model idea, how they generally used the PjBL
learning model PE, and how they particularly used the PjBL
learning model in large ball games. These various indicators
serve as a basis for providing a comprehensive assessment
of PE teachers’ perspectives in understanding the PjBL
learning model.

PE Teachers’ Perspective toward the PJBL Model

Results on the primary or elementarylevel obtain a mean
of 2.21 with the deviation standard of + 0,69 and the score
percentage of 82 %, indicating a ‘very excellent’ perception
category toward PjBL model. The score distributions of the
junior high school and senior high school have the mean
scores of 2.08 and 2 with SD values of +0,64 and * 0,85.
The score percentages show 78 % and 75 %, indicating an

Table 2. Achievement indicators of understanding,
implementation, and PjBL model implementation

Question D x+SD %
Ql. 52 1,86 + 0,36 0,93
Q2 69 2,46 + 0,69 0,82
Q3 57 2,04 £ 0,84 0,68

excellent category of the PE teachers’ perceptions toward the
PjBL model.

Indicators of Understanding, Implementation,
and PjBL Model Implementation

Mean score for question 1, about how excellent PE
teachers understand the Project-Based Learning (PjBL)
model, is 1.86, with a standard deviation (SD) of 0.36 and
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Table 3. Challenges and Implementations of PjBL encountered by PE Teachers

Subjects Q, Qs
Sample 1 Limited facilities and infrastructure Previous learning often used problem-based learning
methods.
Sample 2 Lack of understanding regarding the PjBL (Project-Based Learning innovation
Learning) model
Sample 3 Facilities and infrastructures Different teaching activities
Sample 4 Limited facilities and infrastructures Learning innovation
Sample 5 Limited facilities and infrastructure Over time, a decline in students’ interest in physical
education
Sample 6 Diverse student backgrounds make the PjBL model less Feeling curious to try and implement different teaching
suitable for our institution, as most students come from models than before.
rural areas.
Sample 7 Facilities and infrastructures To improve students’ talents
Sample 8 Facilities and infrastructures Feeling curious
Sample 9 Encountering no challenges Fostering joyful learning atmosphere
Sample 10 Having no ideas about PjBL Trying new things
Sample 11 No challenges To encourage students’ learning interests
Sample 12 Taking longer time while using PjBL Improving students’ experience, creativity, critical
thinking, and empathy.
Sample 13 Having no ideas what products to produce Using smartphone as the media
Sample 14 Passive students Trying new learning strategies to avoid classroom-
boredome
Sample 15 No challenges Being more aware toward students’ developments while
using PjBL
Sample 16 Inadequate facilities Easy to use
Sample 17 Facilities and infrastructure present challenges, and Encourage curiosity in students to foster creativity and
students often struggle to comprehend assigned projects, imagination freely.
necessitating additional guidance.
Sample 18 Time constraints due to other activities leave insufficient Training students to think creatively
time for implementing the model.
Sample 19 Limited understanding of the PjBL model Innovation and variation in learning
Sample 20 Time constraints arise due to the school’s hilly geographic Assessing students’ engagement and foster critical
location, limited funding, and challenging students to thinking
guide.
Sample 21 PjBL requires significant time to complete a project, Through the process, teachers can monitor students’
delaying content coverage. progress, from planning to execution and final outcomes.
Sample 22 Challenges in execution and lack of understanding None
regarding the PjBL model
Sample 23 Limited understanding about PjBL model None
Sample 24 A very short learning duration Materials needed to teach
Sample 25 Having no ideas about PjBL model Nothing to do related to PjBL
Sample 26 Inadequate facilities and infrastructures To enhance collaboration among students in solving
problems using their cognition and skills
Sample 27 To enhance collaboration among students in solving Our school is a “driving school” implementing the
problems using their knowledge and skills Merdeka Curriculum, where student outcomes are
project-based. Project-based learning unconsciously
shapes students to become more critical, creative, and
communicative, fostering effective collaboration with
peers and teachers.
Sample 28 The need for specific training for students lacking basic Active learning process

techniques or foundational knowledge in a sport requires
step-by-step guidance.

a percentage of 93 %. Based on this assessment, PE teachers’
conceptual understanding of the PjBL model across various
school levels falls into the “very excellent” category. Answer

to question 2 shows how the PjBL model is being used in
PE classes. It has a mean score of 2.46, a standard deviation
of 0.69, and an overall percentage of 82 %. This indicates
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that PE teachers have not fully implemented the PjBL model
across various school levels. Question 3 reveals that various
school levels have not fully applied the PjBL model to the
“large ball” material. The percentage for Q; stands at 68 %,
with an average score of 2.04 and an SD of 0.84.

Challenges of PE Teachers in applying PjBL Model

PjBL learning model dealt with a lot of problems,
such as inadequate acilities and infrastructure found from
9 of the 28 samples 1, 3, 5, 7, 8, 16, 17, 20, and 26. These
constraints include a lack of facilities such as technological
devices, suitable spaces, and other infrastructure needed to
support the implementation of PjBL. In addition, a lack of
understanding of the concept and application of PjBL is also
a significant problem, reflected in several respondents, such
as samples 2, 10, 13, 19, 22, 23, and 25. This reflects the
need for training and guidance for teachers so they could
understand and apply the learning model. Time constraints
are also a challenge, either due to limited learning time, as in
sample 24, or because the PjBL process takes a considerable
amount of time, as in samples 12 and 21. Geographical
factors, such as schools located in remote areas, exacerbate
these time constraints. Another challenge is the presence of
passive students or difficulties to direct students, as seen in
samples 14 and 20. This requires a more effective approach
to engage students in the learning process.

Discussion

Most of the understanding and application of the project-
based learning (PjBL) model by PE teachers at various school
levels show excellent results. This suggests that traditional
teaching models no longer limit learning processes. Adding
project-based learning models to constructivist education
could facilitate students learn in the 21st century by giving
them real-world examples in the form of projects (Estrada
Oliver et al., 2020). The PjBL model encourages students
to investigate and collaborate in developing and creating
projects that reflect their knowledge (Bell, 2010).

However, PE teachers encountered challenges in
implementing the PjBL model thus requiring special
attention. Most research samples show that limited time,
space, and facilities are big problems when trying to create
different teaching models, such as PjBL (Simonton et al.,
2021). Because of these problems, the learning model needs
to change and fit the school setting while keeping the main
parts of PjBL, such focusing on the studenst, allowing them
explore issues in projects, learning in small groups, focusing
on mastery, and choosing useful content for the students
(Liu et al., 2010; Simonton et al., 2021; Webster et al., 2011).

Learning models serve as the foundation for educators
to prepare teaching activities (Muthmainnah et al., 2022).
They can act as tools to enhance students’ abilities during
the learning process (Haerullah & Hasan, 2017). As its name
suggests, a learning model helps with learning by having
specific features that make sense, such as naming, logical se-
quencing, organization, and meeting the learner’s needs. It is
a guideline for planning classroom- or tutorial-based learn-
ing (Trianto, 2007). Furthermore, learning models systemat-
ically outline the achievement of learning objectives, helping
students reach specific goals within a structured framework.

The PjBL model offers detailed, comprehensive, and chal-
lenging learning experiences, with the project target being a
product or creation. This contrasts with traditional learning
models, which prioritize achieving short-term curriculum
targets in a rapid and straightforward manner. Project-based
learning uses problems to gather and integrate new knowl-
edge based on real-life experiences through concrete activities.
(Haerullah & Hasan, 2017) designed the PjBL model to address
complex issues through investigation and understanding.

The primary goal of the project-based learning model is
to focus students on developing solutions to complex prob-
lems. This requires investigation, understanding through in-
quiry, and guidance in collaborative projects integrated into
curriculum materials (Purnomo et al., 2022). This allows
students to design content using experimental and collab-
orative methods, fostering meaningful learning experiences.
The most critical component in teaching and learning activi-
ties is the inclusion of well-structured learning models that
align with PE objectives and student learning outcomes. It is
essential to design learning models that suit the characteris-
tics, needs, and demands of the times, ensuring systematic
application and development (Prasrihamni et al., 2022).

Generational changes and the demands of the times pose
annual challenges requiring specific skills for PE teachers to
optimize student potential. The implementation of meaning-
ful learning models must encompass intellectual, character,
and physical aspects. Various studies highlight that PjBL is
an effective methodology for teaching children to solve real-
world problems by encouraging active participation in learn-
ing processes (Borroni et al., 2021). Systematically, PjBL mod-
els are very helpful for teaching physical education at all levels
of schooling (Carrera Moreno, 2016; Coyne et al., 2016; Gu-
bacs, 2004; Hastie et al., 2017). They facilitate students develop
personal values, skills, teamwork, and motivation, among oth-
er things (Ramirez et al., 2017). For future development, pro-
viding PE teachers with training in instructional PjBL skills is
critical, as research findings reveal that many PE teachers lack
knowledge and understanding of the PjBL model.

Conclusions

Despite PE teachers having positive perceptions of the
implementation of the project-based learning (PjBL) model,
several challenges hinder its application. At the elementary
school level, teachers’ perceptions of PjBL fall into the “very
excellent” category with a percentage of 82%, while at the
middle and high school levels, perceptions are categorized
as “excellent,” with percentages of 78% and 75%, respectively.
Teachers’ understanding of the PjBL concept is excellent,
with 93% indicating a high level of comprehension. However,
the application and execution of this model remain limited,
particularly in certain subjects, such as team sports, where the
implementation rate is 68%. Primary obstacles in applying
PjBL include limited facilities and infrastructure, insufficient
teacher understanding of the model implementation, and
inadequate time to carry out projects optimally. Geographical
factors also pose challenges, especially for schools in remote
areas. Another issue is the difficulty of engaging students,
who are sometimes passive or challenging to direct. To
enhance the effectiveness of PjBL implementation, providing
additional training for teachers, improving facilities and
infrastructure, and making adjustments to time management
in the learning process are important.
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Mornap sunTtenis ¢pisnyHoro BuxoBaHHA: TpyAaHoOLi B paMmKax
BUKOPUCTaHHA MoAeni MeToAy NPOEKTIB B HaBYaHHI

Axapi Ilpisxyram'ABPE, Komapynin'®“P, Hlpimani' "

!TI>KOK’ IKApTCHKUIL iep>KaBHMI YHIBepCUTET

ABTOPCHKMI BKIAM: A — qu3aitH qocimkenns; B - 36ip mamux; C - crarananis; D - nigroroska pykorcy; E - 36ip komrTis

Pedepar. Crarts: 7 ., 3 Tab1., 34 mKeperna.

Icropia nuranHa. @isnyne BuxoBanHA (PB) B InoHesii cTUKaeTbes i3 IpobIeMaMyt ONTUMI3aLlil HABYAHHS, IPYHTYIOUICh
Ha IIpOrpeci Ta po3BUTKY enoxu. TpyHOIi TAKOXK CIIOCTepiraloThCs 4epes BIIPOBA/IKEHHs MOJie/li HAaBYaHHA 3 BUKOPUCTAHHAM
npoexris (HBII, MeToy IpOEKTIB B HABYaHHI).

Merta pocnigxenns. Le mocmigKeHHA MaIo Ha MeTi OIMCaTH EPCIEKTUBY Ta BUKIMKY, 1O IOCTAIOTh Iepes BUNTENAMMU
¢isnuHOro BUX0OBaHHA y npolieci BrposamkeHHA Moxieni HBII Ha pisHux piBHAX ocBiTH.

Marepianu Ta MeTOmM. Y 1IbOMY JOC/I/I)KEHHI 3aCTOCOBAHO ONMCOBMII Ki/IbKiCHWUIA MifXif| i3 BUKOPUCTaHHAM iHCTPYMEHTIB
IJISL IPOBEMIEHHS CTPYKTYPOBAHOIO Ta HECTPYKTYPOBAHOTO AHKETYBAHHSI, B SIKOMY B3sUIM Y4acThb 28 BUNTENIB (Di3MYHOrO BUXO-
BaHH, SIKi BUK/IAJJaloTh Y TI0YaTKOBIl, CepefiHiil Ta CTapILiil HIKOJIi.

Pesynpraru. Pesymbraty [OCIIPKEHHS IOKA3a/IM, 10 MEPCIEKTUBY BYNTEIB (i3MIHOrO BUXOBAHHS IJO/J0 BUKOPVCTAHHS
mogpeni HBIT Ha piBHI T049aTKOBOI KON OTPUMay OLiHKY 82 %, Tofi AK y cepefHili Ta crapuiii mxoni — 78 % ta 75 % Bignosiz-
HO. 3a MOKa3HMKAMU PO3yMiHHA, BIPOBa/lKeHH: Ta peanisauii mogeni HBII y nepmomy, ipyromy Ta TpeTbOMY KBapTajiax pe3yib-
TaTu cTaHOBWIM 93 %, 82 % Ta 68 % BinmoBigHO. BogHOoYac, cepey mpobiieM, 3 AKUMM 3iTKHYIUCA BYNTeNi PiSUYHOI KY/IbTYPHU I
vac BriposapkeHHs Mogeni HBIT e o6mexxeHicTs MOXIMBOCTeI! Ta iHPACTPYKTYPH, BiICYTHICTD Y BUMTEIB 9iTKOTO PO3YMIiHHS
I[OfI0 BIPOBA/KEHH MO/, a TAKOXX HeJOCTATHII Jac [/is peanisanil npoekTis. [eorpagiuti ¢pakTopy TaKoXK CTAHOBIWIN IPO-
6memy, 0COOMMBO IJIA MK Y BifjaJeHuX pajioHax.

BucHoBku. IlifcyMoByoun, MOXKHA 3a3Ha4NTH, 11O NEPCIEKTUBY BUKOpucTanHs Mopeni HBII Buntensamu ¢isuunoro Bu-
XOBaHHS 3arajloM HOCUTh e(eKTHUBHI, IPOTe HOCi CIOCTEpPIraloThCsl YMCIEHHI mpobeMn, Yepes sKi JOCBif, HAbyTUIT B paMKax
BrposamkeHHs mogeni HBII, He Moxke OyTI HaTeXKHNMM YMHOM 3aCBOEHNUI YUHIMIL

KrouoBi cmoBa: HaBYaHHA 3 BUKOPMCTAHHAM IPOEKTIB, PpisndHe BIXOBaHHHA, BUNTEND, MOJIE/Ib HABYAHHA.
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Abstract

Background. Soccer is one of the most popular sports worldwide, including among amateur players. However, many
training programs still rely on traditional methods that separate physical conditioning, technical skills, and tactical
drills, limiting their effectiveness. The limited research on holistic training approaches, especially regarding lower
limb strength evaluation, underscores the need for training interventions based on physiological principles.
Objectives. This study aimed to examine the effectiveness of Repeated Sprint Training (RST) in enhancing lower limb
strength in amateur soccer players.

Materials and methods. Thirty-six amateur soccer players with an average age of 20 years were randomly assigned to
either the intervention group (RST) or the control group (CTRL). The training program lasted four weeks, with three
sessions per week. Lower limb strength was assessed using the body weight squat test and the Nordic hamstring curl
test. Data analysis included the Shapiro-Wilk test, Paired t-test, and Independent t-test, conducted using SPSS 29.0.
Results. The RST group showed a significant improvement in performance on the body weight squat test (pre-test:
66 * 8.60; post-test: 76 + 6.84, p < 0.001) and the Nordic hamstring curl test (pre-test: 4 + 1.18; post-test: 7 + 1.41,

p < 0.001). Meanwhile, in the control group, no substantial improvements were observed.

Conclusions. This study concludes that Repeated Sprint Training effectively enhances lower limb strength,
particularly in the hamstring muscles. The findings of this study not only contribute to a deeper understanding

of soccer player training, but also have implications for the broader field of sports science. This training method

can be a practical approach to improving performance and preventing injuries in amateur soccer players, and its
effectiveness could potentially be applied to other sports and athletic training programs.

Keywords: repeated sprint training, lower limb strength, amateur soccer players.

Introduction improving physical conditioning, technical skills, and tactics,
limiting their effectiveness in enhancing player performance.
Therefore, a holistic training approach is needed to optimize
amateur players’ physical development and skill acquisition
(Kusuma et al., 2024). Despite this, in-depth research on
training methods that precisely measure lower limb strength
is still lacking. The importance of these physiological
assessments, including muscle strength response, ensures that
training objectives are effectively met and prevent injuries,
which are common among soccer players.

A common issue experienced by soccer players, both
amateur and professional, is hamstring injuries (Al Attar &
Husain, 2023; Rosado-Portillo et al., 2021). These injuries
frequently occur when players perform sprinting and rapid

(@ EECT'\(;lVS directional changes. Hamstring injuries often result in pro-

The advancement of soccer has made it one of the most
popular sports across various levels, including amateur players
(Griffin et al., 2020; Woods et al., 2023). The number of soccer
enthusiasts continues to grow, reflecting the high public
interest in the sport (Buyrukoglu et al., 2023; van Haaften,
2019). However, in the training process, many coaches and
sports practitioners still implement traditional training
models, especially for amateur players (Bozkurt, 2018; Errama
et al., 2024). These training models often focus on separately

© Baskoro, A. A. W, Nirwansyah, W. T, Antoni, M. E, &
Kusuma, I. D. M. A. W,, 2025.
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longed absences and increase the risk of re-injury if proper
rehabilitation and muscle strengthening are not conducted
(Al Attar & Husain, 2023; Javier Raya-Gonzalez Luis Suarez-
Arrones & Villarreal, 2021). Amateur players tend to have a
higher risk of hamstring injuries than professionals due to a
lack of structured physical training programs and limited in-
jury recovery protocols (Zhou, 2022). Previous studies Madi-
son et al. (2019) and van der Horst et al. (2015) have shown
that hamstring muscle weakness is a key risk factor for soc-
cer players. Amateur players frequently experience hamstring
injuries during high-intensity training sessions or matches,
where muscle fatigue becomes a primary trigger (Huygaerts
et al., 2020). Therefore, training programs that focus on
strengthening the lower limbs and hamstrings are crucial for
reducing injury risk and improving player performance (Al
Attar & Husain, 2023; Chebbi et al., 2022). In the current
scenario, soccer training requires a speed-strength-based pro-
gram incorporating eccentric exercises (Alarcon et al., 2021).

This study aims to examine the effectiveness of a
training program based on Repeated Sprint Training (RST)
in enhancing lower limb strength in amateur soccer players.
RST is a training approach that emphasizes repeated short
sprints with brief recovery periods, which are expected
to improve hamstring strength and optimize player
performance during matches. The findings of this study are
expected to contribute valuable insights for coaches and
sports practitioners in designing more effective training
programs for amateur soccer players.

Materials and Methods

Study Participants

This study involved 36 amateur soccer players with
an average age of 20 £ 0.86 years, body weight of 68 +
3.24 kg, height of 171 + 3.05 cm, and BMI (kg/m?). The
participants were randomly divided into two groups: the
first group underwent the repeated sprint training (RST)
intervention. In contrast, the second group received only
standard training as the control group (CTRL). Participants
were assessed using the lower body weight squat test and
the Nordic hamstring curl test. Before the intervention,
each participant had to complete an informed consent
form to indicate their agreement to participate in the study.
Data collection in this study was conducted following the
Declaration of Helsinki and received approval from the
University Ethics Committee.

Study organization

This study employed an experimental two-group pre-test
and post-test design. The training program lasted four weeks,
with a frequency of three sessions per week (Monday, Wednes-
day, and Friday). Participants’ heart rate (HR) was monitored
during each training session using a Polar H-10 device.

The Squat Test. In this study, baseline data collection for
all groups was conducted one day before the intervention.
Before testing, the researcher explained the purpose and
correct execution of the body weight squat test. Participants
then performed light stretching and warm-up exercises to
prevent injuries. The squat test required participants to stand
upright with feet shoulder-width apart, knees slightly bent,

and arms extended forward or placed on the waist. They
then lowered their body until their thighs were parallel to
the ground, maintaining a straight back and distributing
their weight evenly on both feet. After reaching the lowest
position, they returned to the initial upright stance and
repeated the movement continuously until muscle fatigue
occurred (Mackenzie, 2008).

The Nordic Hamstring Curl Test. Baseline data collection
was also conducted one day before the intervention. The
researcher explained the purpose and correct execution of
the Nordic hamstring curl test. Participants performed light
stretching and warm-up exercises beforehand to prevent
injuries. During the test, participants knelt on a mat upright
while an assistant secured their ankles. Their arms were
crossed in front of the chest, and they slowly lowered their
body forward before returning to the starting position in a
controlled manner. This movement was repeated as many
times as possible until muscle fatigue was reached. Once
the participants could no longer maintain the movement,
they could release their hands onto the mat to prevent injury
(Matthews et al., 2015).

Statistical Analysis

The Shapiro-Wilk test was used to assess data normality.
If the data were normally distributed, a paired t-test was
conducted to analyze within-group differences over time.
A Wilcoxon test was applied to non-normally distributed
data. An independent t-test was performed to compare
differences between groups. All statistical analyses were
conducted using SPSS 29.0.

Results

Table 1 presents the baseline characteristics of all
participants (n = 36), divided into two groups: the Repeated-
Sprint Training (RST) group (n = 18) and the Control group
(n = 18). The participants in both groups had an average age
of 20 years. The mean body weight was 67.61 * 3.12 kg for
the RST group and 67.50 + 3.45 kg for the Control group.
The average height recorded was 168 cm for the RST group
and 161 cm for the Control group. Additionally, both groups
had an average of 7 years of soccer training experience before
participating in the study.

Table 1. Characteristics of Participant

All Participant (n = 36)
RST (n=18) Control (n=18)

Characteristics Participant

Age (years) 20 £0.87 20 +0.87
Body Weight (Kg) (mean+SD) 67.61 +£3.12  67.50 +3.45
Body Height (cm) 168 +2.59 161 +3.51
length of time for soccer practice 7 +1.26 7+1.29

(years)

Figure 1 above shows the pre-squat results with a mean
value of 66 + 8.60 and the post-squat results with a mean
value of 76 + 6.84 in the experimental group. The pre-squat
and post-squat values showed a significant difference in the
experimental group, with a significance value of p < 0.001.
Meanwhile, in the control group, the pre-squat results had
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a mean value of 67 + 8.47, and the post-squat results had a
mean value of 69 + 4.49. However, no significant difference
was observed in this group, with a significance value of
p = 0.080.
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Fig. 2. Result in Paired t-test on Nordic test

Figure 2 above shows that the pre-nordic test had a mean
value of 4+1.18, while the post-nordic test had a mean value
of 7+1.41 in the experimental group. A significant difference
was observed in the experimental group, with a significance
value of p<0.001. In the control group, the pre-nordic test
had a mean value of 4+1.31, and the post-nordic test had a
mean value of 5+1.79, with a significance value of p=0.013.

Table 2. Results of Independent t-test

Variable Group T Sig.
Squat RST - Control 3.943 <0.001*
Nordic test ~ RST - Control 3.607 <0.001*

Note: * significant results in Independent t-test

Table 2 presents the results of the Independent t-test,
which analyzes the differences in squat and Nordic test
performance between groups. The findings indicate a
statistically significant difference in both tests. The squat
test showed a T value of 3.943 with a p-value < 0.001, while
the Nordic test recorded a T value of 3.607 with a p-value <
0.001. These results suggest that the training intervention
had a meaningful impact on improving lower limb strength,
as reflected in the squat and Nordic test performances.

Discussion

This study examined the impact of repeated sprint
training (RST) on lower limb strength in amateur soccer

players. The primary findings of this study indicate that RST
effectively enhances lower limb strength in amateur soccer
players, as evidenced by improvements in body weight, squat
test, and Nordic hamstring curl test results.

The present study found a significant increase in
strength following this training method, as indicated by
the bodyweight squat test results. These findings suggest
improved neuromuscular adaptation, as evidenced by the
enhanced squat test performance, which allows the muscles
to function more efficiently during acceleration and sprint
movements. Additionally, increased lower limb strength, as
reflected in the body weight squat test, is associated with
improved hip and knee stability. Previous research has
indicated that players with excellent stability are less prone
to injuries during on-field activities (Bliven & Anderson,
2013). Furthermore, an increase in squat repetitions has
been linked to a higher rate of force development, a key
factor in athletic performance (Martinez-Valencia et al,,
2015). Previous studies have also demonstrated that greater
propulsion force in the lower limbs is associated with
more efficient and rapid acceleration at high speeds during
gameplay (Wdowski & Gittoes, 2020).

Beyond improvements in lower limb strength through
the bodyweight squat test, a particularly noteworthy finding
of this study is that RST enhances hamstring strength
in amateur soccer players, as evidenced by the Nordic
hamstring curl test. This increase in hamstring strength
can be attributed to eccentric contractions throughout the
training. These eccentric contractions take place when the
muscle undergoes tension during sprinting phases and
abrupt stops, enabling rapid knee extension control. Delvaux
etal. (2020) also highlighted that eccentric movement-based
training improves hamstring flexibility. Similarly, Wan et
al. (2021) reported that players with greater flexibility can
withstand significant tension without experiencing muscle
strain. The benefits of enhanced hamstring strength in
amateur soccer players extend beyond injury prevention
to improved on-field performance (Aktug et al., 2018).
Alarcén et al. (2021) further stated that players with greater
eccentric strength exhibit more stable sprinting mechanics
and optimized movement control during rapid changes
in direction. Therefore, integrating this training method
into amateur soccer conditioning programs can contribute
significantly to hamstring strengthening while reducing the
risk of injuries frequently encountered by amateur players.

This study demonstrated that the RST method enhances
lower limb strength, as evidenced by improvements in
squat and Nordic test results. It significantly increases speed
endurance capacity, indirectly contributing to a higher
sprint frequency among amateur players. The study also
reported a significant correlation between the strength
of the quadriceps, hamstrings, and gluteus maximus—
key muscle groups involved in the squat and Nordic test
performance. Furthermore, neuromuscular adaptations
(Behm et al., 2025; Ruas et al., 2018) facilitate faster motor
unit recruitment during this training, enabling players to
perform more squats with improved movement efficiency.
Other studies have shown that squat and Nordic exercises
promote hypertrophy in the quadriceps muscles, remarkably
increasing the volume of the vastus lateralis (Santos et al.,
2020), vastus intermedius, rectus femoris, and vastus
medialis, as well as hamstring muscles such as the biceps
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femoris, semitendinosus, and semimembranosus. This
hypertrophy contributes to the growth of type IIa muscle
fibers (EARP et al., 2015; Kubo et al., 2019; Oliver et al.,
2024; Ribeiro et al., 2023). Such adaptations occur due to the
repetitive concentric and eccentric contractions involved in
squatand Nordic movements, which enhance tendon stiffness
(Brar et al,, 2021). Additionally, squat and Nordic exercises
improve quadriceps and hamstring endurance, mitigating
fatigue (D’Emanuele et al., 2021; Madison et al., 2019) and
enhancing muscle elasticity, connective tissue integrity, and
reflex potentiation (Mackey & Kjaer, 2017). Consequently,
RST contributes to improved endurance performance in
soccer and enhances strength training effectiveness through
optimized muscular and neuromuscular adaptations (Behm
et al,, 2025; Huygaerts et al., 2020; Iga et al., 2012).

Conclusions

This study concludes that repeated sprint training (RST)
significantly enhances lower limb strength in amateur soccer
players. The eccentric-based training incorporated within
RST has been proven effective in promoting neuromuscu-
lar adaptations, strengthening the hamstring muscles, and
improving hip and knee stability. Furthermore, this training
method presents an effective strategy for preventing ham-
string injuries, which amateur soccer players frequently expe-
rience due to a lack of structured strength training programs.
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Abstract

Background. This study examines the urgency of developing students’ movement independence through
internalizing physical literacy in physical education learning according to Project-Based Learning (PBL).
Objectives. The study aimed to explore the impact of internalizing physical literacy in physical education learning

according to PBL on students’ movement independence.

Materials and methods. The method used was a quantitative approach with a pseudo-experimental design, involving
students of State Aliyah Madrasah Barito Kuala Regency, grade XI as the population. The sample consisted of two
treatment classes (XI-A and XI-B) and two control classes (XI-C and XI-D), each with 40 students. The research
instrument was a movement independence questionnaire, which was divided into 4 indicators: 1) responsibility,

2) initiative, 3) confidence, and 4) problem solving. The data analysis technique used the analysis of variance
(ANOVA) to compare the results between the treatment and control classes.

Results. The findings showed that the indicators of responsibility and confidence had a very significant difference
between the experimental group and the control group, with a Sig. (2-tailed) = 0.000 <0.05 on both indicators. In the
initiative and problem solving indicators, there was no substantial difference between the experimental group and
the control group, with a Sig. (2-tailed) values of 0.894 and 0.062 >0.05 respectively. Overall, the experimental group
provided better results than the control group. The results indicated that the application of PBL to physical literacy
internalization significantly increased students’ movement independence, especially in the indicators of responsibility

and confidence.

Conclusions. The conclusion of this study confirms that the internalization of physical literacy in physical education
learning according to PBL is effective in increasing students’ movement independence.
Keywords: movement independence, physical literacy, project-based learning.

Introduction

Physical education is one of the important disciplines
in developing students’ character and skills. In this context,
physical literacy becomes a crucial concept to be understood
and internalized by students. Physical literacy includes the

© Mashud, M., Arifin, S., Warni, H., Rachman, A., Amka, A.,
Fadillah, M., Pebriyandi, P, Putra, M. E. P, Bayu, W. 1, &
Yanti, N., 2025.
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ability to move with motivation, confidence and competence,
as well as an understanding of the importance of physical
activity in everyday life (Cairney et al., 2019). In an era
where sedentary life style is increasing, understanding and
developing physical literacy is vital.

However, many students face challenges in developing
movement independence. Research shows that a lack of
practical experience in movement and an inability to explore
different physical activities can hinder their development
of independence (Vorotilkina et al., 2022). Traditional
approaches to physical education learning often do not
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provide space for students to innovate and experiment
with different movements (Becheva & Vakrilov, 2015). One
approach that can overcome this problem is Project-Based
Learning (P-BL). P-BL encourages students to be actively
involved in the learning process through P-BL that is relevant
to their lives. By involving students in P-BL that requires
movement skills, it is expected that they can internalize
physical literacy values and increase their movement
independence (Coyne et al., 2016).

In implementing P-BL, students not only learn physical
skills, but also understand the meaning and benefits of
physical activity. Research by Widiana, I et al.,, (2022) shows
that P-BL contributes to the improvement of students’
motor skills and their self-confidence. This is important, as
more confident students tend to participate more actively
in physical activities. Independence of movement is an
important element in the development of physical literacy.
Students who are independent in movement have the
ability to take initiative in physical activities, which in turn
improves their health and fitness (Kairgozhin et al., 2023).
Therefore, it is important to explore how the internalization
of physical literacy through P-BL can improve students’
movement independence.

Although many studies have examined the relationship
between P-BL and physical skills, there is still a gap in the
literature exploring the influence of internalizing physical
literacy in this context. This study aims to fill that gap by
investigating the impact of P-BL on students’ movement
independence, especially in the context of physical
education. In addition, factors such as teacher support, a
conducive learning environment, and students’ intrinsic
motivation also play an important role in the development
of movement independence (Vorotilkina et al., 2022). In the
implementation of P-BL, the role of the teacher as a facilitator
is very important to guide students in finding solutions and
building skills independently.

Movement independence also includes mental and
emotional aspects. Students who feel independent in
movement tend to have a higher sense of responsibility
towards their health. Rois & Almaulidia, (2023) showed
that students who engaged in active learning had higher
self-confidence and were more responsible for their physical
health. By promoting physical literacy through P-BL, we
not only train students’ physical skills, but also build a
strong foundation for movement independence (Silverman
& Mercier, 2015). This research is expected to contribute
significantly to the development of a more effective and
engaging physical education curriculum.

This study introduces novelty by integrating the Project
Based Learning (P-BL) approach specifically in physical
education learning, with a focus on developing students’
movement independence. Although P-BL has been applied
in various educational contexts, its application in physical
education and its relationship with the internalization of
physical literacy has not been widely researched.

One of the theories that supports this novelty is the
Self-Directed Learning Theory proposed by Loeng (Loeng,
2020). This theory emphasizes the importance of students to
take initiative in their learning process, which is in line with
the principles of P-BL. According to research by Husnan
et al., (2023), the use of active methods such as P-BL can
develop physical literacy and increase student participation

in physical activity. In addition, research by Exkwantri et
al. (Exkwantri et al., 2023) shows that P-BL can improve
student learning outcomes. However, this study will delve
deeper into how the implementation of P-BL can facilitate
the development of students’ movement independence,
complementing previous research that has not explored this
relationship specifically.

With this approach, it is hoped that this research can
make a significant contribution to the development of a
physical education curriculum that is more innovative
and responsive to students’ needs. The results of this study
are also expected to inspire educators to implement more
interactive and effective methods in physical education
learning, so that students can be better prepared to face the
challenges of an ever-evolving world, and become active and
healthy individuals throughout their lives.

Materials and Methods

Participants

The population of this study were all students of State
Aliyah Madrasah Barito Kuala Regency, South Kalimantan
Province, precisely class XI consisting of 4 classes, namely
class XI-A, XI-B, XI-C and XI-D. The entire population
was used as a research sample or population research. The
experimental class is class XI-A and XI-B and the control
class is class XI-C and XI-D, each consisting of 40 students.
The division of classes is done by purposive sampling
because it considers the learning schedule set by the school
with the assumption that the condition of students’ abilities
is homogeneous (Taherdoost, 2016). Data collection in this
study was conducted following the Declaration of Helsinki
and received approval from the University Ethics Committee.

Research Design

Type of Research, This research uses a quantitative
approach with a quasi-experimental design with a control
group time-series design (Leppink, 2019; Vaughn, Debbie
& Lomax, 2020). The research design picture is as follows:

Treatment T, x T, x T,
T, - T, - T,

The treatment group is the group that is given the
treatment of internalizing physical literacy based on the
P-BL Model. The control group is a group that is treated with
a direct learning model (direct instruction). Quantitative
research allows researchers to measure variables statistically
and test hypotheses through systematic testing.

The variables of this study consist of independent
variables, namely the internalization of P-BL-based physical
literacy while the dependent variable is the independence of
student movement. The research instruments used in this
study were questionnaires and observation sheets to measure
students’ movement independence. The questionnaire was
designed based on the theory (Kayrgozhin et al., 2022)
that movement independence is divided into indicators;
1) responsibility, 2) initiative, 3) confidence, and 4) able to
solve problems.

The procedure for implementing the research through
treatment to the experimental class and the control class.

Control
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The experimental class received treatment with learning
to apply internalization of physical literacy based on P-BL,
while the control class received learning using a direct
instruction learning model. The experimental class and the
control class both underwent treatment once a week with a
learning duration of 3 X 45 minutes = 135 minutes, namely
during Physical Education class hours. Treatment in the
experimental class by applying internalization of physical
literacy learning based on P-BL is by following the P-BL
learning syntax which begins with; 1) identification of basic
problems/questions, 2) project planning, 3) information
collection, 4) solution development, 5) application and
realization of solutions, 6) presentation of results, 7) reflection
and evaluation (Helle & Olkinuora, 2020; et al.,, 2016). In
the implementation of learning, the experimental class is
integrated with the principle of physical literacy, namely
the instillation of an active culture of moving routinely
and continuously with high understanding and motivation
and self-confidence (Lounsbery & McKenzie, 2015). The
integration of physical literacy principles in learning is given
to students through the stages/ syntax of the P-BL model
learning, especially at the reflection and evaluation stages, at
the stage the teacher investigates the stages of each student’s
project and provides process feedback on each learning
process every week. So it is very possible that learning in
the experimental class, students who understand the core
material well and have high motivation and self-confidence,
then students will practice the learning material again
outside of class hours several times a week. While in the
control class by implementing a direct instruction learning

model, namely learning that follows the following syntax;
1) delivery of learning objectives, 2) giving instructions,
3) demonstrations and directed exercises, 4) feedback, 5)
conclusions and independent assignments (Yanti, 2019; Zhu
& Tongdecharoen, 2023). After the learning is complete, the
teacher repeats the same thing by continuing the learning
material the following week.

Statistical Analysis

Data analysis begins with prerequisite tests including
normalityand homogeneity tests to ensure that the data meets
statistical assumptions. The Shapiro-Wilk test is used for
normality, and the Levene test for homogeneity (Harrison et
al., 2020). Data analysis tested the hypothesis using ANOVA
to compare the results between the experimental and control
groups. Tukey’s follow-up test was used to determine specific
differences between groups (Larini & Barthes, 2018).

Results

The data on student movement independence obtained
by the researchers were then tested for preliminary
analysis which included; 1) data normality test and 2) data
homogeneity test, before testing the research hypothesis. The
results of the preliminary analysis test are as follows

Table 3 shows the ANOVA test results for several
indicators in the treatment and control classes, including
responsibility, initiative, confidence, and problem solving. In
the responsibility indicator in the treatment class, the value

Table 1. Normality Test Results of Movement Independence Data

Shapiro-Wilk

Group Statistic df Sig. p Category

Pre-test 0.955 40 0.114 0.05 Normal
Treatment Middle-Test 0.982 40 0.761 0.05 Normal

Post-test 0.976 40 0.531 0.05 Normal

Pre-test 0.975 40 0.510 0.05 Normal
Control Middle-Test 0.967 40 0.297 0.05 Normal

Post-test 0.965 40 0.251 0.05 Normal
Table 2. Homogeneity Test Results of Student Movement Independence Data

Results Levene Statistic  df 1 df2 Sig. p Category
Based on Mean .186 5 234 968 0.05 Homogeneous
Independence of Based on Median 172 5 234 973 0.05 Homogeneous
Movement Based on Median and with adjusted df 172 5 228.199 973 0.05 Homogeneous
Based on trimmed mean 1.348 5 234 .245 0.05 Homogeneous
Table 3. ANOVA Test Results
Indicator Sum of Squares df Mean Square F Sig.

Responsibility in the Treatment Class 39.650 2 19.825 3.600 0.030
Responsibility in the Control Class 1208.150 2 604.075 117.564 0.000
Initiative in the Treatment Class 94.850 2 47.425 1.771 0.175
Initiative in Control Class 0.517 2 0.258 0.084 0.920
Self-Confidence in the Treatment Class 67.200 2 33.600 3.292 0.041
Self-Confidence in Control Class 1110.650 2 555.325 79.415 0.000
Problem Solving in the Treatment Class 6.817 2 3.408 0.461 0.632
Problem Solving in the Control Class 1.517 2 0.758 0.099 0.905
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Table 4. Further Test with Tukey

Dependent Variable (I) Group (J) Group Mean Difference (I-]) Std. Error Sig.
Middle test -1.32500* 0.52475 0.034
Pretest
Posstest -1.07500 0.52475 0.105
Pretest 1.32500* 0.52475 0.034
Responsibility in the Treatment Class Middle test retes
Posstest 0.25000 0.52475 0.883
Pretest 1.07500 0.52475 0.105
Posstest .
Middle test -0.25000 0.52475 0.883
Middle test -1.00000 0.50687 0.123
Pretest
Posstest 6.17500% 0.50687 0.000
Pretest 1.00000 0.50687 0.123
Responsibility in the Control Class Middle test
Posstest 7.17500* 0.50687 0.000
Pretest -6.17500* 0.50687 0.000
Posstest .
Middle test -7.17500* 0.50687 0.000
Middle test -2.15000 1.15708 0.156
Pretest
Posstest -0.77500 1.15708 0.781
Pretest 2.15000 1.15708 0.156
Initiative in the Treatment Class Middle test retes
Posstest 1.37500 1.15708 0.462
Pretest 0.77500 1.15708 0.781
Posstest .
Middle test -1.37500 1.15708 0.462
Middle test -0.02500 0.39227 0.998
Pretest
Posstest -0.15000 0.39227 0.923
Pretest 0.02500 0.39227 0.998
Initiative in Control Class Middle test retes
Posstest -0.12500 0.39227 0.946
Pretest 0.15000 0.39227 0.923
Posstest .
Middle test 0.12500 0.39227 0.946
Middle test -1.20000 0.71436 0.217
Pretest
Posstest 0.60000 0.71436 0.679
Pretest 1.20000 0.71436 0.217
Self-Confidence in the Treatment Class Middle test retes
Posstest 1.80000* 0.71436 0.035
Pretest -0.60000 0.71436 0.679
Posstest .
Middle test -1.80000* 0.71436 0.035
Middle test -0.25000 0.59130 0.906
Pretest
Posstest 6.32500% 0.59130 0.000
Pretest 0.25000 0.59130 0.906
Self-Confidence in Control Class Middle test retes
Posstest 6.57500* 0.59130 0.000
Pretest -6.32500* 0.59130 0.000
Posstest .
Middle test -6.57500* 0.59130 0.000
Middle test -0.37500 0.60801 0.811
Pretest
Posstest 0.20000 0.60801 0.942
Pretest 0.37500 0.60801 0.811
Problem Solving in the Treatment Class ~ Middle test reres
Posstest 0.57500 0.60801 0.613
Pretest -0.20000 0.60801 0.942
Posstest .
Middle test -0.57500 0.60801 0.613
Middle test 0.15000 0.61757 0.968
Pretest
Posstest 0.27500 0.61757 0.897
Pretest -0.15000 0.61757 0.968
Problem Solving in the Control Class Middle test
Posstest 0.12500 0.61757 0.978
Pretest -0.27500 0.61757 0.897
Posstest .
Middle test -0.12500 0.61757 0.978

of F =3.600 with Sig. = 0.030 indicates a significant difference
between groups. Meanwhile, in the control class, the value
of F = 117.564 with Sig. = 0.000 shows a very significant
difference. For the initiative indicator, the experimental
class obtained a value of F = 1.771 with Sig. = 0.175, which

indicates no significant difference between groups. Similar
results were also seen in the control class, with a value of
F = 0.084 and Sig. = 0,920. On the confidence indicator,
the treatment class showed a value of F = 3.292 with Sig. =
0.041, which means there is a significant difference between
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Table 5. Independent Significance Test Results

Indicator Variants F Sig. t df Sig. (2-tailed)
Equal variances assumed 3.339 0.072 14.257 78 0.000
Responsibility
Equal variances not assumed 14.257 72.843 0.000
Equal variances assumed 0.716 0.400 -0.134 78 0.894
Initiative
Equal variances not assumed -0.134 76.851 0.894
Equal variances assumed 1.579 0.213 10.252 78 0.000
Confident
Equal variances not assumed 10.252 75.636 0.000
Equal variances assumed 0.384 0.537 1.894 78 0.062
Solving Problems
Equal variances not assumed 1.894 77.424 0.062
groups. On the other hand, in the control class, the value Discussion

of F = 79.415 with Sig. = 0.000 shows a very significant
difference. For the problem solving indicator, the results in
the treatment class showed a value of F = 0.461 with Sig. =
0.632, so there is no significant difference between groups.
Similarly, in the control class, with a value of F = 0.099 and
Sig. = 0.905, no significant difference was found.

Overall, in the treatment class, the responsibility and
confidence indicators showed significant differences, while
the other indicators did not. In contrast, in the control class,
responsibility and confidence showed a very significant
difference, while the other indicators still did not show a
significant difference. A more detailed explanation of the
results can be seen in table 4.

Based on Table 4 of the Tukey test results, it can be seen
that in the responsibility indicator, the experimental class
showed a significant difference between the pretest and
the middle test (Sig. = 0.034), but there was no significant
difference in other comparisons. In contrast, the control
class recorded highly significant differences from pre-
test to post-test and from middle test to posstest (Sig. =
0.000). For the initiative indicator, in both the treatment
and control classes, no significant difference was found
at all stages (Sig. > 0.05). In the confidence indicator, the
experimental class only showed a significant difference
between the middle test and posstest (Sig. = 0.035), while
the control class recorded a very significant increase
from pre-test to pos-test and from middle test to pos-test
(Sig. = 0.000). As for the problem-solving indicator, there
were no significant changes at any stage for both classes.
Overall, significant changes were more frequent in the
control class than the treatment class, especially in the
responsibility and confidence indicators.

Based on Table 5. The results of the independent
difference test, analysis using independent samples t-test
shows that the indicators of responsibility and confidence
have a very significant difference between the experimental
group and the control group, with a Sig. (2-tailed) = 0.000
on both indicators. In the initiative and problem-solving
indicators, no significant differences were found between the
experimental and control groups, with a Sig. (2-tailed) values
of 0.894 and 0.062, respectively. The results of Levene’s test
show that the assumption of equal variance is accepted for all
indicators, because the Sig. > 0.05. Thus, it can be concluded
that significant changes only occurred in the indicators of
responsibility and confidence, while initiative and problem
solving remained consistent with no difference between the
experimental and control groups.

The results showed that the internalization of physical
literacy in P-BL-based physical education learning was able to
increase students’ movement independence. In addition, the
increase in students’ movement independence is seen from
the indicators; 1) responsibility, 2) initiative, 3) self-confi-
dence, and 4) solving problems based on the ANOVA test and
Tukey test, the results show that there are significant differ-
ences in the indicators of responsibility and self-confidence
while the aspects of initiative and problem solving are not.

This study indicates that students who are engaged
in P-BL-based learning activities are more likely to be
responsible for their tasks. This is in line with the theory
proposed by Azizah & Wardani (Azizah & Wardani, 2019)
and Wati et al. (Wati etal., 2024) which states that experiential
learning, such as P-BL, can increase student engagement and
encourage them to become more independent in the learning
process. Furthermore Amini et al. (Amini et al., 2019) shows
that students who engage in P-BL-based learning show an
increase in responsibility, as they are required to complete
tasks collectively and individually. This creates an awareness
of the importance of their contribution in the group, thus
increasing the sense of responsibility. This confirms that
innovative methods such as P-BL can have a positive impact
in physical education, similar to the findings in this study.

In addition to responsibility, the aspect of self-
confidence also experienced a significant increase. Students
who were given the opportunity to actively participate in
P-BL felt more confident in their physical and social skills.
According to Hossein-Mohand et al. (Hossein-Mohand et
al., 2021) and Atmono et al. (Atmono et al., 2023) P-BL-
based learning allows students to adapt to challenges and
tackle problems head-on, which contributes to increasing
their self-confidence (Sinaga et al., 2023). When students
successfully complete tasks or challenges in P-BL, they will
feel more confident to face similar situations in the future.

However, there is research by Estrada Olibier et al. (Es-
trada Oliver et al., 2020) which shows that not all students
gained improvement in movement independence when us-
ing the P-BL method. The study found that external factors
such as environmental support and student readiness strong-
ly influenced the outcomes. This highlights the importance
of context in the application of this method and suggests that
the effectiveness of P-BL may vary depending on certain fac-
tors, such as 1) A conducive environment also plays a role in
the successful implementation of the P-BL method. Rahayu
et al. (Rahayu et al., 2018) emphasizes that a positive learn-
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ing atmosphere can increase student motivation. Schools
should create a supportive environment for students to learn
actively. 2) The use of technology in P-BL learning can in-
crease student interaction and engagement. Sudjimat, Dwi
et al. (Sudjimat et al., 2021) points out that the integration
of technology in learning can expand access to information
and increase student participation. 3) The development of
innovative learning media is essential to support the imple-
mentation of P-BL. Further research by Syukriah et al. (Syuk-
riah et al., 2020) and Rosiana et al. (Rosiana et al., 2023)
shows that the use of appropriate media can improve student
understanding and engagement. Therefore, further research
needs to be done to develop media that are appropriate to
the learning context. 4) In the context of physical education
learning, it is necessary to include health awareness elements
to build students’ understanding of the importance of physi-
cal activity. Suwiwa et al. (Suwiwa et al., 2023) showed that an
understanding of health can increase students’ motivation to
participate in physical activity. 5) Creating space for students
to be actively involved in the learning process. Septaliza et
al. (Septaliza et al., 2024) indicates that actively engaged stu-
dents are more likely to acquire the necessary skills. 6) The
most important factor is the understanding of teachers who
run the P-BL model in physical education learning. Mukti
et al. (Mukti et al., 2020)shows that the lack of teacher un-
derstanding of this method can hinder the effectiveness of
achieving the learning objectives set.

The implications of this study are very important for the
development of physical education curriculum (Hardinata et
al., 2024; Harianto et al., 2023; Mariati et al., 2024). The appli-
cation of the P-BL method which proved effective in increas-
ing students’ movement independence suggests that this ap-
proach should be integrated into the curriculum. This is also
in line with the view of (Cairney et al., 2019) which states that
physical literacy is the key to building a healthy lifestyle. Some
studies also provide information that physical literacy has a
good impact on active skills for students (Mashud, Arifin, et
al., 2023; Mashud, Warni, et al., 2023; Mashud et al., 2024).

Based on the research results, some recommendations
that can be proposed are: 1) Intensive training is needed for
teachers to understand and implement the P-BL method
well. This training should include classroom management
techniques and relevant curriculum development. 2) The
physical education curriculum needs to be updated to
include P-BL elements, so that students can learn in a more
active way and be directly involved in learning. 3) Further
research needs to be conducted to explore the factors that
influence the effectiveness of P-BL in different contexts,
including student variables such as initiative, problem
solving, motivation and student background.

Overall, this study provides important insights into
the positive impact of implementing P-BL-based physical
literacy integration in physical education learning to increase
students’ movement independence. Itis hoped that the results
of this study can serve as a reference for the development of
better educational practices in the future. By implementing
the recommendations provided, it is hoped that the quality
of physical education in Indonesia can improve.

Conclusions

This study shows that the application of P-BL-based
physical literacy internalization in physical education

learning significantly increases students’ movement
independence, especially in the aspects of responsibility
and self-confidence. The results of the analysis showed a
significant difference between the treatment and control
classes, which supports the hypothesis that interactive
learning methods can facilitate the improvement of students’
movement independence. Although there was no significant
difference in the initiative and problem-solving indicators,
the findings provide insight into the importance of innovative
learning approaches in physical education.

Suggestions for future research are to explore more
deeply the factors that influence learning outcomes,
especially on the initiative and problem-solving indicators.
In addition, it is important for educators to consider the
integration of technology in learning and involve parents in
the educational process to create a more supportive learning
environment. Thus, it is expected that students can be more
motivated and actively participate in physical activities,
ultimately improving their overall movement independence
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Po3BUTOK pyXoBOI CaMOCTIHOCTi Y4HiB: IHTepHanisauia
$i3nyHOI rpamMoOTHOCTI B Npoueci HaB4aHHA ¢i3NYHOro
BMXOBAHHSA 3 BUKOPUCTaHHAM MPOEKTIB
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IcTopis muTanHA. Y 1bOMY JOCTIKEHH] PO3ITIA/IAETbCA aKTya/lbHICTh PO3SBUTKY PYyXOBOi CAMOCTIIHOCTI y4YHiB Yepes 3a-
CBOEHHI (Pi3MIHOI PAMOTHOCTI B Ipoljeci HaBYAHHs (i3MIHOrO BUXOBAHHS 32 METOJOM IIPOEKTIB (HABYAHHS 3 BUKOPVCTAHHIM

mpoexTis, HBII).

Merta gocnimkenHs. MeTa HOCIiKeHHS O/IATaIa y BUBYEHHI BIUIMBY iHTepHamizawii ¢isnynoi rpaMoTHOCTI B Iporieci Ha-
BYaHHA (i3MYHOrO BUXOBAHHA 32 METOJOM IIPO€EKTIB Ha PYXOBY CAMOCTIITHICTD y4HIB.

Marepianu Ta MeTOAM. Y JOCTIIPKEHHI 3aCTOCOBAHO KiNbKiCHMIT MifXif i3 IceBjoeKcIIepMMEeHTAIbHUM AN3aTHOM, B KO-
My yuHi [ep>xaBHoi mkonn Mepapece Amis, perencrso bapito Kyama (State Aliyah Madrasah Barito Kuala Regency), XI krac,
BUCTYTIAM B AKOCTi JOCIIIKYBaHOI IOMY/IALIL. Bubipka cxmaganacs 3 gBox ekcrepumenTtanpunx kinacis (XI-A i XI-B) i gBox
koHTponbHUX KnaciB (XI-C i XI-D), ko>keH 3 AKuX Hanivysas 40 yuHiB. [Joc/1ifHUIIBKMIT IHCTPYMEHT — ONMTYBAIbHMK PYXOBOI
CaMOCTITHOCTi, IKU 6yB pO3ninennit Ha 4 OKasHUKM: 1) BifjIIOBiganbHICTh, 2) iHILIaTMBHICTD, 3) BIIEBHEHICTD i 4) pO3B’i3aHHS
3agad. Y MeTOAMII aHa/I3y JaHUX BUKOPUCTOBYBaBCA Aucrepciitamit aHanis (ANOVA) 3 MeTOI0 IOpiBHAHHSA Pe3y/IbTaTiB MK

€KCIIEPMMEHTA/IPHOIO Ta KOHTPO/IbHOIO I'PYIIAMM.
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Pesynbrarn. OTpumani gasi mokasanmy, 1o iHAMKATOPY BifIIOBilaIbHOCTI Ta BIIEBHEHOCT] MAIOTh JIy>Ke 3HAUYILY Pi3HMUIIIO
MIXK eKCIIepUMMEHTANTbHOIO Ta KOHTPOJIbHOIO TPYIIaMI, IIPY IIbOMY IBOCTOPOHHIII piBeHb 3HauyIIoCTi cKaB: Sig. (2-tailed) = 0,000
<0,05 gyt 060X iHAMKATOPIB. 32 MOKA3HMKAMM iHIL[JATMBHOCTI Ta pO3B’sI3aHHs 3a/Ja4 CYTTEBOI Pi3HUIIi MK €KCIIEPMMEHTaTbHOIO
Ta KOHTPOJIbHOIO IPyIIaMM He CIOCTepiranocs, mpu uboMy Sig. (2-tailed) = 0,894 ta 0,062 >0,05 BigmosigHO. 3aranoM, eKcrepu-
MEHTa/IbHa IPyTIa OCAI/IA KPAlMX Pe3y/IbTaTiB, HXK KOHTPO/IbHA Ipyna. PesynbraTy cBif9aTh Ipo Te, o 3actocysannsa HBII pa
3aCBOEHH:A (iSMYHOI I'PAMOTHOCTI CIIPUSAIO 3HAYHOMY IiBUIIEHHIO PYXOBOI CAMOCTIITHOCT] y4YHIB, 0COOMMBO 32 OKa3HUKAMMI
BIJITIOBIiJTa/IbHOCTIi Ta BIIEBHEHOCTI.

Bucnosku. IIposenene gocmifiKeHHA MiATBEPIKYE, 10 3aCBOEHHA (bisvao'i IPaMOTHOCTI IIiJ] YaC HaBYaHH:A q)iswmoro BU-
XOBaHHA 32 METOJIOM ITPOEKTIB € e(peKTUBHIM Y MifIBUIIEHH] PyXOBOi CaMOCTIiTHOCTi y4HiB.

KirouoBi coBa: pyxoBa caMOCTiitHiCTb, (pisyyHa rPaMOTHICTb, HABYAHHS 3 BMKOPUCTAHHAM IIPOEKTIB.
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Abstract

Objectives. This study aimed to examine the effect of conducting a core-based exercise program in a movement
competency training course on improving pain tolerance and abdominal endurance of female university students

with primary dysmenorrhea.

Materials and methods. A total of 112 qualified female university students completed the training course. It used
an uncontrolled trial approach of experimental research involving three phases: a week for pre-tests and orientation;
8 weeks of movement competency training; and a week of post-tests.

Results. According to this study, a large significant decrease in menstrual pain (-55.45 %) and an increase in pain
tolerance (22.54 %), muscular endurance (40.57 %), and aerobic capacity (41.60 %) was observed after the movement
competency training (p < .001). Post-pain tolerance (kg) has a significant positive relationship with post-abdominal
endurance (reps) (P = 0.093; p <.001) and post-VO,max (p = 0.163; p < .001). It has been demonstrated that post-
pain tolerance accounts for 98.2 % of the variances in post-abdominal endurance and 98.4 % in post-VO,max.
Conclusions. The findings indicate that a core-based exercise intervention integrated into the movement competency
training course was found to be effective in reducing menstrual pain and improving pain tolerance, muscular
endurance and aerobic capacity in female university students experiencing primary dysmenorrhea. A progressive
core exercise program can be used as a non-pharmacological treatment for pain management and to enhance the

body capacity of females with pain discomfort.

Keywords: core exercise, dysmenorrhea, PATHFIT 1, pain management, pain tolerance.

Introduction

Globally, primary dysmenorrhea afflicts a substantial
proportion of women, with reported prevalence rates vary-
ing from 17 to 90 % (Ferries-Rowe et al., 2020). Particularly
affecting the quality of life, primary dysmenorrhea usually
causes absence from workplaces or classrooms, reduced out-
put, and increased need for healthcare. In addition, dysmen-
orrhea is the most common gynecological problem that has
an impact on most students in their academic performance
and daily activities (Mahwish et al., 2024). The prevalence
of dysmenorrhea worldwide ranges from 16 to 91%, and
10-20% of them suffer from severe dysmenorrhea, which
is the leading cause of recurrent school absenteeism (80 %),

© Pocaan, J. M., 2025.
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loss of class concentration (66.8 %), no active participation
(47.4%), inability do homework (21 %), fail in an exam
(15.4%), and limited activity (29.9%) (Mesele et al., 2022).
Primary dysmenorrhea is postulated to arise from
the synthesis of prostaglandins (Ferries-Rowe et al.,
2020) during menstruation, which precipitates potent
uterine contractions, diminished uterine blood flow, and
subsequent activation of nociceptors. While non-steroidal
anti-inflammatory drugs represent the principal therapeutic
approach for this condition (Marjoribanks et al., 1996), their
efficacy in providing comprehensive relief is not universal,
and prolonged usage is associated with potential adverse
effects. As such, non-pharmacological modalities like
physical exercise are attracting more and more attention as
possible supplementary therapies for primary dysmenorrhea.
Owing to the potential of exercise to augment endorphin
secretion (Saanijoki et al., 2018) and attenuate inflammation
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(Gleeson et al., 2011), a multitude of studies have scrutinized
its efficacy in the management of primary dysmenorrhea
(Tsai, 2024). Despite this extensive investigation, the schol-
arly discourse remains divided regarding the most effective
form of exercise (Matthewman et al., 2018; Carroquino-Gar-
cia et al., 2019). Various modalities have been examined, en-
compassing relaxation exercises such as progressive muscle
relaxation (Celik & Apay, 2021) and self-administered mas-
sage (Azima et al., 2015), alongside strength training (Saleh
et al., 2016), aerobic exercises (Kannan et al., 2019), yoga
(Kirca & Celik, 2023), mixed exercise regimes (Kirmizigil
& Demiralp, 2020), and the Kegel maneuver (Amreen et al.,
2013). Certain studies have documented substantial allevia-
tion in pain following only 4 weeks of exercise intervention
(Yildiz & Acaroglu, 2022), whereas others indicate a neces-
sity for up to 8 weeks to discern any tangible benefits (Ortiz
etal., 2015). Furthermore, the incidence of participant with-
drawal has exhibited variability across these diverse exercise
protocols (Celik & Apay, 2021; Pocaan, 2023).

Supported by the abovementioned findings, this study
implements a core-based exercise program integrated
into movement competency training under the Physical
Activity Towards Health for Fitness 1 (PATHFIT 1) course
to improve pain tolerance and abdominal endurance of
female university students with primary dysmenorrhea.
This course is a requirement for all undergraduate students
in the Philippines. The study aimed to provide effective
movement-based interventions focused on core regions for
female students to improve pain management and physical
fitness.

Materials and Methods

Study Participants

One hundred two out of 114 first-year female univer-
sity student enrollees handled by the researcher in Physical
Activity Towards Health and Fitness 1 course or movement
competency training course in one state university experi-
encing primary dysmenorrhea volunteered and completed
the movement competency training. Five participants were
excluded due to experiencing severe dysmenorrhea, 4 were
due to their active participation in fitness clubs the previous
month, and 3 had mild to severe health conditions (Figure
1). A signed informed consent form was retrieved from the
participants before the start of the study, and authorization
to conduct the study was also secured from the university’s
research committee. The study was conducted during the
first semester of the academic year 2023-2024 (Table 1).

Number of Enrollees in SIAS

N=114
Excluded (n=12)
e Mild to severe health condition (n = 3)
> . Participation in fitness clubs (n = 4)
o Experienced severe dysmenorrhea (n = 5)
n=102

Fig. 1. Selection of participants

Table 1. Participants’ anthropometrics and baseline data
(n=102)

Indicator Average Range
Height (cm) 150.40 + 4.59 143-160
Weight (kg) 55.37 + 7.01 44-68
Age (years) 19.04 +0.82 18-20
Menstrual pain (scale) 541 +1.19 4-7
Pain Tolerance (kg) 1.65 +0.32 0.99-2.07
Abdominal endurance (reps) 10.87 + 2.65 6-15
Aerobic Capacity (VO,max) 36.85 + 3.06 31.83-41.75

Design and test procedures

The uncontrolled trial approach of experimental
research involving pre- and post-tests was used. The study
underwent three phases: a week for pre-tests and orientation;
8 weeks of movement competency training; and a week of
post-tests. Similar procedures of field tests were used in pre-
and post-tests. All the participants were instructed on the
necessary warm-up and cooldown to prevent injuries and to
condition the body during the test and training. Participants
were instructed to avoid caffeinated and soda drinks, and
heavy meals 48 hours before the post-test.

The participants were evaluated using a self-reported
visual analog scale to measure the experienced menstrual
pain for the last 3 months for the pre-test and a month after
the training program for the post-test. The pain scoring
consists of a straight line that ranges from “no pain” on the
left end (0 cm) of the scale to “worst pain” on the right end
(10 cm) (Delgado et al., 2018). An algometer (FPX 25 Digital
Algometer, Wagner Force Ten) was used to measure the
pain tolerance (kg) of the participants. In a relaxed supine
position, a gradual pressure was applied using the device
perpendicular to the tissue of the T12 region of the rectus
abdominis (subcostal nerve) for both left and right. The
application of pressure stops once the participants say “now”
after they reach the maximum pain. Three applications were
given for each region with 30 seconds interval to reduce
wind up and three findings per region were recorded. The
average of the six findings was the final score of the test.

A curl-up test was used to measure abdominal endurance
(reps). Participants started by lying on their backs with knees
bent and feet 12 inches from the buttocks. Without holding or
resting the feet, participants extended their arms on their thighs
and kept their heads neutral. Participants curled up slowly un-
til their shoulders lifted two inches off the mat, then lowered
back down, completing each curl-up in three seconds. The test
continued without pauses until exhaustion. Only properly exe-
cuted curl-ups—shoulders raised two inches, head off the mat,
heels down, and correct timing—were counted as one score.

The aerobic capacity was evaluated using the 12-minute
run test on a 50m flat surface back and forth (Pocaan, 2024).
At a standing stance, the participants started to run after the
command of a sharp whistle sound (Fox 40 Pealess, US),
and the clock started. The participants stop running when
12 minutes have elapsed, and the total distance completed
is recorded (km). The VO,max was calculated using the
formula: (22.351 x km) - 11.288. This test is valid and reliable
(Cooper, 2013).
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Movement competency training program

Table 2. Workout compositions

Workout Composition Intensity/reps
Plank (standard) Hold for 20-30 seconds
Dead bug 10-12 reps per side
1 Glute bridge 15 repetitions
Bird dog 10-12 reps per side
Plank with shoulder taps 12-15 taps per side
Side plank Hold for 20-30 seconds per side

Russian twist 12-15 reps per side,

2 Bicycle crunches 15-20 reps per side
30 seconds

12-15 reps

Mountain climbing

V-ups

The movement competency training program aimed to
enhance core strength, endurance, and stability gradually
in eight weeks. Participants participated in once-a-week
training for two hours per session. It comprises foundational
core exercises and integrates progression principles to
challenge the body while decreasing recovery time. The initial
workout includes plank, dead bug, glute bridge, bird dog,
and plank with shoulder taps for stability and core activation.
Meanwhile, the second workout includes dynamic and
rotational movements like side plank, Russian twists, bicycle
crunches, mountain climbers, and V-ups, which challenge
the obliques and increase overall core strength (Table 2).
A similar training was employed every two consecutive

Table 3. Training Course Timeline

weeks, alternating workouts 1 and 2. The training starts with
5 sets, increasing by two sets. The progressive approach of
the training course gradually increases the intensity while
reducing recovery and rest times (Table 3).

Statistical Analysis

Data are expressed as mean + standard deviation for
continuous variables. The Kolmogorov-Smirnov test was
conducted to evaluate the distribution’s normality. A paired
sample t-test was employed to calculate the pre-test and post-
test results. The change ratio (A) assessed pre-test and post-
test differences. Statistical significance was established at p <
0.05. Linear regression analysis examined the relationships
among the variables’ post-tests. Cohen’s d effect size (ES) was
calculated to illustrate the magnitude of differences between
variables. The statistical analysis was conducted utilizing
IBM SPSS version 29.

Results

Asignificantdifferenceandlarge effect size were observed
in menstrual pain, pain tolerance, muscular endurance, and
aerobic capacity after the movement competency training
at p < .001, with -55.45%, 22.54 %, 40.57 %, and 41.60 %
improvements, respectively (Table 4).

The analysis in Figure 2 revealed that post-pain tolerance
(kg) has a significant positive relationship with post-
abdominal endurance (reps) (p = 0.093; p <.001) and post-
VO,max (p = 0.163; p < .001). Post-pain tolerance accounts
for 98.2 % of the variances in post-abdominal endurance and
98.4% in post-VO,max.

Duration Weeks 1-2 Weeks 3-4 Weeks 5-6 Weeks 7-8
Work out 1,2,1,2,1 1,2,1,2,1,2,1 1,2,1,2,1,2,1,2,1 1,2,1,2,1,2,1,2,1,2,1
Recovery time 20 secs. 15 secs. 13 secs 10 secs
Rest between workouts 2.5 mins. 2.25 mins. 2 mins. 1 min.
a. b.
3.2 4 R? = 982 . R?=984
B =.093
p <.001 ! 3.0
284
8 g *
c 24 c
S g
] )
© ©
£ £
(rf 20 & 20
16 15

10 15 2
Abdominal Endurance

VO2max

Fig. 2. (a) linear regression between post-pain tolerance (kg) and post-abdominal endurance (reps); (b) linear
regression between post-pain tolerance and post-VO,max, at p <.001.
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Table 4. Effect of movement competency training on pain tolerance, muscular endurance, and aerobic capacity

Indicator Pre Post A p ES
Menstrual pain (scale) 541+ 1.19 2.41 +£1.09 -55.45% <.001 0.85
Pain tolerance (kg) 1.65 +0.32 2.13+0.54 22.54% <.001 -0.90
Muscular endurance (reps) 10.87 + 2.65 18.29 +5.76 40.57% <.001 -0.83
Aerobic capacity (VO,max) 36.85 + 3.06 52.18 +£3.28 41.60% <.001 -0.88

Discussion

The results of the core-based exercise program in the
movement competency training course showed a significant
decrease in menstrual pain and increased pain tolerance,
muscular endurance, and aerobic capacity.

Myfindingsreveal alarge decreasein menstrual painafter
the training course, implying the effectiveness of the course
and can be used as a non-pharmacological intervention for
managing primary dysmenorrhea. In an experimental study,
women engaged in core exercises experienced lesser pain
intensity compared with non-participation. Many laboratory
experiments reveal that the decrease in menstrual pain is
associated with core exercise participation since it improves
blood circulation, reduces muscle tension (Verma et al.,
2024), and enhances the release of endorphins or the natural
painkillers of the body (Paungmali et al., 2018). Furthermore,
the improved pain tolerance in the rectus abdominis region
observed in my study implies that core training exercises
positively influence pain thresholds which is beneficial for
females to be more resilient to menstrual discomfort. It
may indicate that core muscle adaptation to intense exercise
can be linked to improved pain tolerance. Similarly, recent
studies also revealed that core strengthening and stability
exercise programs are an appropriate method for improving
pain tolerance (Smrcina et al., 2022; Baiamonte et al., 2017;
Lépez-Liria et al.,, 2021). An integration of planned and
systematic exercise intervention in course curricula may
serve as an alternative medicine for pain management and
can improve the quality of life of individuals suffering from
primary dysmenorrhea.

In terms of muscular endurance, my study also found
a large improvement, suggesting that the intensity of the
training course enhances the stamina of the core muscles.
Including core training in physical education courses for
women positively improves their physical performance and
functionality as it reduces physical limitations caused by
menstrual pain (Bagci Celik et al., 2024). Furthermore, core
stability and muscular endurance exercises improve the
physical performance metrics of women (Genc et al., 2019).
The focus on progression in this training program likely
contributed to the gains in endurance. The increase in VO2
max demonstrates the course’s positive influence in reducing
menstrual pain and improving fitness. Enhanced aerobic
capacity signifies improved blood circulation and oxygen
uptake that reduces muscle tension and discomfort during
menstruation, which is beneficial for overall health and pain
management (Cicek, 2018; Pocaan, 2024; Pocaan, 2023).
The enhanced aerobic capacity is also beneficial for women’s
heart and lung health, and immune function for long-term
health. It includes reducing the risk of heart disease and
respiratory issues since cardiovascular diseases are a leading
cause of mortality among women (Vogel et al., 2021).

The strong relationship between pain tolerance and
other fitness markers implies that the increase in women’s
ability to pain tolerance benefits pain management and
improves physical endurance and cardiovascular capacity.
This also suggests that the implemented training course was
suitable for improving females’ capacity to manage pain and
sustain core stability. My study proves that sustained exercise
efforts increase pain tolerance allowing muscle adaptation
for women that is necessary to endure menstrual discomfort.
Enhanced pain tolerance can facilitate regular physical
activity, resulting in improved cardiovascular health and
core strength, both essential for long-term well-being. This
finding corroborates the research conducted by Inglés &
Kropotov (2019), demonstrating that exercise interventions
significantly alleviate pain and enhance physical endurance
in women.

Conclusions

The core-based exercise intervention integrated into
the movement competency training course in my study was
found effective in reducing menstrual pain and improving
pain tolerance, muscular endurance and aerobic capacity
in female university students experiencing primary
dysmenorrhea. A progressive core exercise program can
be used as a non-pharmacological treatment for pain
management and to enhance the body capacity of females
with pain discomfort. My study offers effective movement-
based interventions focused on core regions that can be
used to improve pain management and physical fitness. My
findings were also consistent with the emerging research
on the positive effect of exercise on pain management and
functional improvement. My study supports incorporating
appropriate training interventions for pain tolerance and
fitness programs for improved health outcomes.
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MNpoBepeHHA Nnporpamm Ha OCHOBI KOMIJIEKCY BnpaB ANs
M’A3iB KOpa B paMKax TPeHYBa/IbHOro KypcCy 3 pO3BUTKY

PYyXOBOi KOMMNETEHTHOCTi WOAO0 NOKPaLLeHHA NOKa3HUKIB
TONIepaHTHOCTI A0 6010 Ta abaoMiHaNbHOI BUTPUBANOCTI
ctyaeHTOoK BH3 3 nepBMHHOI0 ANICMeEHOpeE€Elo

Ixopnan Mipanga ITokaan'ABCPE

lep>xapamit yHiBepcuTeT Copcorona

ABTOpPCHKMIT BKTA: A — Am3aitH gocnipkeHHs; B — 36ip ganux; C — crarananis; D — migroroska pykormucy; E — 36ip kourtis

Pedepar. Crarra: 7 c., 4 Tab11., 2 puc., 34 mxepena.

Mera ocniKeHHA. MeTa 1IbOro JJOC/I/IKEHHA MO/IAra/la y BUBYEHHI BIUIMBY IIPOBEJNEHHSA POrPaMi Ha OCHOBI KOMILIEKCY
BIIPaB /I M 'A3iB KOpa B paMKaX TPEHYBa/IbHOI'O KYPCY 3 PO3BUTKY PyXOBOI KOMIIETEHTHOCT] Ha OKpallleHH: OKa3HUKIB TO/e-
paHTHOCTI 10 607110 Ta a6JOMiHANIBPHOI BUTPUBAIOCTI CTyAeHTOK BH3 3 epBuHHOIO AncMeHOpeeko.

Marepiamu ta MeTopu. 3aranom 112 kBaidikoBanux crynentok BH3 3aBepumim kypc TpeHyBaHH:. Y poOOTi BUKOPUCTO-
BYBaBCA HEKOHTPO/IbOBAHMIT METOJ] eKCIIepYMEHTaIbHOTO JOCTi/IKEeHHS, 110 BK/II0YaB TPy (asi: TVOKIeHb ITepefiTeCTOBX eTalliB
Ta CIIPAMOBAHOCTI; 8 TVDKHIB TPEHYBAHHA 3 PO3BUTKY PYXOBOI KOMIIETEHTHOCTI; 1 TVDKJIEHb IIC/IATECTOBMUX €TalliB.

PesynpTaTu. 3riffHO 3 JAHMMM LILOTO JOCTI/PKEHHS, MiC/IA MPOBeJeHHA TPEHYBaHHA 3 PO3BUTKY PyXOBOi KOMIETEHTHOCTI

CIIOCTEPIrasocs 3HaYHe 3HIDKEHHST MEHCTPYaIbHOro 60 (-55,45 %) i mifgBUIeHHs TolepaHTHOCTI Ko 600 (22,54 %), Ms130B0i
BuTpuBanocti (40,57 %) ta aepo6bHoi 3gatHOCTI (41,60 %) (p < 0,001). [TocT60MBOBA TONEPAHTHICTD (KT) Ma€ JOCTOBIpHUII HO-
3UTUBHII 3B’ A30K 3 TIOCTA0JOMiHATbHOIO BUTPUBATICTIO (HOBTOpeHHH) (ﬁ =0,093; p < 0,001) i TIOCTBMMipIOBaHVM ITOKAa3HUMKOM
VO,max (f =0,163; p < 0,001). IIpofeMOHCTPOBAHO, 1110 TOCTOONIBLOBA TOTIEPAHTHICTH MOACHIOE 98,2 % Bapiariiit mocTabfoMiHab-
Hoi BUTpMBanocTi i 98,4% nmocTeuMipoBaHOro okasHuka VO,max.

BucHoBKu. PesynbraTy JOCTi)KEHHs CBif4aTh PO Te, 10 {HTEPBEHI|is Ha OCHOBI KOMIIIEKCY BIIPaB /IS M sI3iB KOpa,
iHTerpoBaHa y TpeHYBaJIbHUII KypC 3 PO3BUTKY PYXOBOI KOMIIETEHTHOCTI, BUABMIACh e(eKTMBHOK LIOJ0 3MEHIIEHHA MeH-
CTpyasIbHOTO 6OJII0 Ta HOKPALIEHHS TOJEPAaHTHOCTI 10 60110, M’A30BOi BUTPMUBAIOCT] Ta aepOOHOI 31aTHOCTI y CTYEHTOK, SKi
CTpaXK/IAI0Th Ha NePBUHHY JyicMeHopelo. [IporpecuBHa Imporpama BIIpaB JiiA PO3BUTKY M AI3iB KOpa MOXKe BUKOPJMCTOBYBATHCh
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Abstract

Background. Identifying talent in young athletes is crucial for effective sports coaching. However, in Indonesia, early
detection of basketball talent is often hindered by the limitations of current identification methods and tools.
Objectives. This study aimed to enhance the current aptitude test for basketball players aged 10 to 14. To assess the
effectiveness of the revised model, the study evaluated its validity and test-retest reliability using data from both male
and female athletes.

Materials and methods. To ensure validity, four doctoral-qualified experts and seven experienced basketball coaches
with an average of 12.78 + 2.2 years coaching experience, with a type B license and bachelor’s degree in sports,
evaluated the test. The test-retest reliability was assessed including 40 athletes aged 10 to 14 with an average age of
12.3 + 1.0 years, consisting of 20 males (height 160.2 + 1.3 cm, weight 47.5 + 7.2 kg, average training 3.5 + 1.12 years)
and 20 females (height 157.2 + 3.7 cm, weight 44.5 + 6.3 kg, average training 3.2 + 1.06 years). All participants were
regional champions. The test was administered twice, with a one-week interval between sessions.

Results. The study produced three types of tests, namely anthropometry (height, weight, fat range, arm length),
biomotor (endurance, strength, flexibility, speed, reaction, balance, general motion), basketball skills (dribbling,
passing, shooting) with Aiken V >0.8 validity, test-retest with a product moment correlation of p < 0.05 and r = 0.786,
and independent t-test on male athletes and female athletes sig. 0.134 or p < 0.05.

Conclusions. The findings indicate that the talent scouting model of Indonesian basketball athletes aged 10 to 14 has
proven to be valid and reliable from the aspects of anthropometric tests, biomotor tests and basketball skills tests.
The ease of implementation, clarity of instructions, and security of the test also add to the advantages of this model.
In addition, this model can be applied to male and female athletes without significant differences. Further research is
needed to facilitate ongoing development by adding psychological tests and expanding the number of samples.
Keywords: basketball, talent scouting, talent development, basketball measurements, sports testing.

Introduction research entitled “Development Assessment Model for
Talent Identification of Young Indonesian Basketball Players:
Anthropometrics, Biomotor, Technical, and Tactical Skills”
has made a significant contribution in the development
of a comprehensive assessment model (Susanto et al.,
2024). While a comprehensive assessment model has been
© Putro, K. H., Suharjana, S., Marhaendro, A. S. D., Hariono, develoP ed', _it requir'e.s further reﬁne'meflt in terms ofvalid.ity

A., Siswantoyo, S., Fauzi, E, Sukamti, E. R., & Prabowo, T. A,  and reliability. Additionally, the validation process has relied

Previous research has highlighted the importance
of early talent identification in basketball. However, in
Indonesia, this process is often hindered by inadequate
methods and instruments (Fariz et al., 2023). Previous

2025. on a limited number of coaches, and the experience level of

the basketball players involved has not been clearly defined.

(@ PETM Therefore, this study, in addition to testing the validity and
i LLCOVS

540



Putro, K. H., Suharjana, S., Marhaendro, A. S. D., Hariono, A., Siswantoyo, S., Fauzi, F,, Sukamti, E. R., & Prabowo, T. A. (2025). Evaluating
Validity and Test-retest Reliability on Indonesian Basketball Talent Scouting Model for Athletes Aged 10 to 14

reliability, will increase the number of large and competent
samples.

Validity is an important aspect in ensuring that this as-
sessment model is able to measure what should be measured
accurately (Susiono et al., 2024; Wedi et al., 2024), while test-
retest reliability is needed to determine whether the model is
consistent in providing the same results when it is reapplied
under similar conditions (Salafi et al., 2023). The importance
of this retesting becomes particularly relevant when the model
is used in young age groups that are still in a rapidly changing
stage of physical and skill development. If this scouting Indo-
nesian basketball athletes model is valid and has high reliability,
coaches will be able to identify athletes’ talents more accurately,
understand their strengths and weaknesses, and design more
effective training programs (Quilez-Maimén et al., 2023).

Based on previous literature studies, another positive ben-
efit is that sports schools and academies will more easily select
and recruit talented athletes, as well as monitor their develop-
ment with measurable data, improving the school’s reputation
in producing quality athletes (Ribeiro Junior et al., 2021). The
sports organization sector will also benefit from a more trans-
parent and systematic talent identification process, enabling
the organization to foster long-term athletes and improve
team quality (Doncaster et al., 2020; Kalén et al., 2021). Then,
for parents, a clear and tested talent scouting model provides
clarity about their child’s potential, increases confidence in the
child’s athletic development, and helps them provide more
appropriate support (Prieto-Ayuso et al., 2017; Ribeiro et al.,
2021). Overall, this model will create a better sports coaching
ecosystem and improve basketball achievement in Indonesia.

In addition, to provide a more comprehensive picture,
a comparison between the perception and performance of
male and female athletes in using this model is needed. Previ-
ous study showed that there are physiological, biomotor, and
cognitive differences between men and women that might
affect the results of the aptitude assessment, which makes
this test even more relevant (Han et al., 2023). By making this
comparison, this study is expected to identify whether there
is a need to modify the model to suit specific needs based on
gender. This study aims to improve the existing talent assess-
ment model and test the validity and test-retest reliability of
basketball athletes aged 10-14, for both men and women, in
order to create a more precise, accurate, and useful model for
the talent coaching of basketball athletes in Indonesia.

Materials and Methods

Study Participants

The population of this study was a basketball club
located in Yogyakarta Province. The sample of this study
involved 11 experts as validators, consisting of four lecturers
from basketball coaching with a minimum of doctoral
qualifications and seven experienced basketball coaches,
aged 36-40 years, have 12.8 + 2.2 years average career as
a coach, had a type B license, and had a bachelor’s degree
in sports. Then, 40 basketball athletes (20 male and 20
female) were selected using purposive sampling. Their
characteristics included aged 10 to 14 with an average age
of 12.3 + 1.0 years. In male athletes with a height of 160.2
+ 1.3 cm, body weight of 47.5 + 7.2 kg, the average training
time is 3.5 £ 0.6 years. In female athletes with a height of

157.2 £ 3.7 cm, body weight of 44.5 + 6.3 kg, the average
training time is 3.2 £ 0.6 years. Then, other characteristics
of basketball athletes were that they had participated in
competitions, had been champions at the regional level, and
were undergoing training for tournament events.

Study Organizations

This quantitative research aimed at measuring the
effectiveness level of the model by validity test and test-retest
reliability test. This study examined a model of scouting for
basketball athletes in Indonesia aged 10 - 14 that has been
developed by Susanto et al (2024). The first procedure was
examining the results of the study Susanto et al (2024) and
then modify them to match aged 10 to 14, so that the results
of the study obtained anthropemetry test models, biomotor
tests, basketball skills tests (Table 1). Then, the research
was translated into Indonesian language. The results of the
translation were used during the validation assessment. The
second procedure was developing a questionnaire aimed at
assessing the test model. The questionnaire was answered by
validators and basketball athletes for reliability testing. The
third procedure was conducting a validation test followed
by four lecturers and seven coaches. The validation test
aimed to assess, provide input or modify the talent scouting
model. After the talent scouting model was valid, the fourth
procedure was followed by testing on athletes. Athletes tried
a form of talent scouting test then filled out a questionnaire.
Athletes ran the first test and the second test with a one-
week time lag (Krol-Zielinska et al., 2019; Tenelsen et al,,
2019physically active adults participated in the validity study,
and 49 subjects were recruited for the reliability study. The
motor task required subjects to perform two-legged drop
jumps using drop heights of 24, 43, and 62 cm as well as one-
legged drop jumps with the left and right leg using a drop
height of 24 cm. Ground contact times were simultaneously
quantified with an electronic contact mat, a force plate (i.e.,
gold standard; Hollstadt et al., 2020; Robinson et al., 2024),
in order to optimally maintain the consistency of test results.
The fifth procedure was reporting the results of research by
publishing this scientific paper. Data collection in this study
was conducted following the Declaration of Helsinki and
received approval from the University Ethics Committee
with the number B/1112/UN.34/16/PT.01.03/2024.

Assessment Questionnaire

This talent scouting model was part of the procedure in
the second stage. This questionnaire was used to assess the
Anthropometry test model, Biomotor test, basketball skills
test on the scouting test of basketball athletes in Indonesia.
Those four aspects consisted of 13 statement items: four
general aspects items, three Anthropometric aspects, three
Biomotor aspects items, three basketball skills items. The
preparation of statement items in this questionnaire referred
to the results of previous research on aptitude scouting tests
(Gal-Pottyondy et al., 2021; Pino-Ortega et al., 2021the
need for data mining leads to the use of data re-duction
techniques such as Principal Component Analysis (PCA;
Kelly et al., 2021the selection into and successful transition
out of a national talent pathway in basketball is yet to be
explored. Thus, the primary aim of this study was to explore
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Table 1. Design of talent scouting tests on basketball
athletes aged 10 to 14

Tests
Body Height
Anthropometric Body Weight

Indicator

Test Fat Range: Body Fat (triceps, subscapular)
Arm Length
Cardiovascular multistage fitness test
Strengths push ups, sit ups, back ups,

pull ups, wall sit

Suppleness Sit and reach

Biomotor Test ~ Speed 30-meter sprint
Reaction Smart WBR 515-GM
Balance Smart Balance Test 515-]Y

Soken / Power Ball Overhead
General gestures

Throw (Backwards)
Dribbling grossove]:; ]'Dbrlillable and
Basketball Skills everse Lnbble
Test Passing Chest Pass and Bounce Pass
Shooting Free throw

the influence of relative age, gender, and playing time based
on the selection into the Regional Talent Hubs and Basketball
England youth teams (U16, U18, and U20; Larkin et al,,
2023) which were then converted into a statement item.
The scale used in the questionnaire was 1-4: 1 for ‘strongly
disagree) 2 for ‘disagree] 3 for ‘agree; and 4 for ‘strongly agree.

Table 2. Aiken V Validity Test Results

Statistical Analysis

The data analysis in the first test was a validity test
using the Aiken formula (Aiken, 1985) in Figure 1 below.
The second test was a reliability test, namely test-retest. The
test-retest in this study used product moment correlation
by correlating the results of the first test and the second test.
The third test was independent t-test, the purpose of this test
was to analyze the difference in answers in male and female
athletes with a value of sig. 0.05. However, before the product
moment correlation analysis and independent t-test were
conducted, normality test was done first if it was needed.
Data analysis of this study used the help of SPSS 26.

V Aiken’s:
n(c-1)
S ir-lo
Lo : lowest rating score
C : highest rating score
r : the score given by the assessor

Fig. 1. Aiken V Formula

Results

The results of this study showed that the first analysis was
a validity test using the Aiken V formula. The validity test
was carried out by 11 validators, namely four lecturers and
seven basketball coaches, who assessed this talent scouting
test based on the assessment questionnaire (Table 2).

Item Statement M) n(c-1) A\
General

Item 1 This test can be done in the field or at school or in a closed room 27 33 0.818

Item 2 These test instructions are easy to understand and perform 27 33 0.818

Item 3 This test is safe for athletes aged 10-14 28 33 0.848

Item 4 This series of tests doesn’t take many days 28 33 0.848

Anthropometric Test

Item 5 This anthropometric test is able to accurately measure body composition (height,29 33 0.878
weight, fat range, arm length)

Item 6 This anthropometric measurement is relevant in assessing the physical potential of28 33 0.848
young basketball athletes

Item 7 The instruments used in anthropometric tests are sufficient and up to standard 27 33 0.818

Biomotor Test

Item 8 This biomotor test can accurately assess the physical abilities of young athletes 27 33 0.818

Item 9 This biomotor test is in accordance with the physical components needed during the28 33 0.848
basketball game

Item 10 This biomotor test provides clear information about the basic physical skills needed in29 33 0.878
basketball

Basketball Skills Test

Item 11 This technique skill test can assess the basic ability to play basketball (dribbling, passing,28 33 0.848
shooting) well

Item 12 This technical skill test already covers all the basic techniques that young basketball28 33 0.848
players need

Item 13 The results of the technical skills test provide an accurate picture of the basic technical27 33 0.818

abilities of the athlete’s basketball
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Based on table 2, four aspects consisting of 13 statement
items showed that the Aiken V value is >0.8, so that the
scouting test for basketball athletes in Indonesia for ages
10 — 14 years consisting of Anthropometry test, Biomotor
test, Basketball Skills test was declared to have a high validity
value (Aiken, 1985).

The next test was carried out by basketball athletes, 20
male and 20 female athletes, as a test-retest reliability test
using product moment correlation and independent t-test.
However, the normality test used Shapiro-Wilk (p>0.05)
which showed that test value 1 was 0.093 and test 2 was
0.065, so test 1 and test 2 showed that the data were normally
distributed. Then, product moment correlation was proceed
as shown in Table 3 below.

Table 3. Product Moment Correlation results

Test 2
Test 1 Pearson Correlation 0.786
Sig. (2-tailed) 0.000

N 40

Based on the results of Table 3, the correlation of test
1 and test 2 showed a significance value of 0.000 or p<0.05,
and the pearson correlation value showed r=0.786. The test-
retest results meant that there was a relationship between
Test 1 and Test 2 with a correlation of 0.786. The next test was
done to test the test assessment questionnaire of the talent
scouting model between male and female athletes as shown
in Table 4 below.

Based on the results of Table 4, the significance value was
0.05<0.134, i.e. p>0.05, meaning that there was no difference
in the answers of male and female athletes, aged 10-14, in
Test 1 and Test 2 of the Indonesian basketball scouting test.

Discussion

Based on the results of the study, anthropmetric tests,
biomotor tests, basketball skill tests resulted in a good level
of validity and strong reliability. It showed that the scouting
test for Indonesian basketball athletes aged 10-14 can be
used for the search and scouting process of prospective
basketball athletes in the future.

In the general aspect, this model showed the ease of
test implementation, easy-to-understand test instructions,
and a safe and simple form of test. It is important because
in an early age sports environment, easy-to-implement and
understandable test procedures are key in maintaining the
measurement consistency and active participation of young
athletes. It was explained by the results of previous research
on soccer talent scouting tests in Indonesia for children aged
9 - 11, providing four types of tests such as basic ball juggling
test, shuttle ball passing test, zigzag ball dribbling test,

Table 4. Independent T-test Results

agility run test showing high validity and reliability values
(Saputra & Hadinata, 2017; Lubis et al., 2020). Simplicity
in this set of tests could minimize procedural errors, both
by examiners and participants, which in turn contributes
to the validity and reliability of the test results. Previous
research has explained that the simplicity of talent scouting
tests makes athletes more serious in conducting tests, such
as the talent test of tennis athletes aged 12-14 with seven
test instruments (Prasetiono & Gandasari, 2018). Then, in
combat sports such as talent scouting tests for pencak silat
athletes aged 12 - 14, there were also three test models,
namely five anthropometric tests, five physiological tests and
five biomotor tests, all of which were assembled like posts
that must be done by athletes (Syaifullah & Doewes, 2020).
With these results, this talent scouting model deserves
to be widely implemented, as it meets the basic technical
requirements in athlete auditions.

The anthropometric test aspect in this model was valid
and reliable in measuring the physical potential of young
basketball players. Talent test research for 13-year-olds in
Australia, discussed that the anthropometry of an athlete
can predict the level of speed and strength ability (Larkin et
al., 2023). The accuracy of anthropometric measurements
such as height, arm length, and weight provides important
data for coaches in assessing the physical readiness of
athletes in accordance with the physical demands of
basketball such as endurance, speed, agility, strength (Lu
& Yin, 2022; Yilmaz, 2022; Florensa et al., 2023). Therefore,
this test was relevant to the physical potential needed by
a basketball player, because anthropometric factors have
a significant role in determining athlete performance. In
addition, anthropmetric tests on athletes from an early age
can provide options for young athletes to be directed to
determine the type of sport to be chosen (Kaynar & Bilici,
2019). Thus, the anthropometric tests in this model not only
meet the exact measurement standards, but are also directly
relevant to the potential evaluation of basketball athletes,
especially in terms of physical growth that is essential for
on-court performance.

In the aspect of biomotor tests, which included
measurement, endurance, strength, agility, were also
considered valid and reliable. The results of this test indicated
that the scouting model can accurately assess the needs
of important physical components in basketball matches.
Biomotor tests are very important in scouting the talent of
basketball athletes aged 10-14 because they can measure
the basic physical abilities and potential of athletes which in
turn supports performance during training or competition
(Han et al., 2023). Basketball as a sport relies heavily on
biomotor components such as speed and agility, making
the measurement of these physical components particularly
relevant for identifying athletes’ potential (Susanto et al.,
2023). To date, the biomotor test or physical skill test is the

t Sig. (2-tailed)  Mean Difference Std. Error Difference
Assessment Equal variances assumed 1.515 78 0.134 0.875 0.577
Questionnaire .
Equal variances not assumed 1.515  77.862 0.134 0.875 0.577
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basic foundation of every basketball scouting test of every
sport that requires physical ability (Abazi et al., 2023). The
high validity and reliability of this test gives coaches and
sports organizations the confidence that this model can be
used to accurately assess an athlete’s biomotor potential. In
addition, talent scouting tests on team sports can also be
used as a basis for the development of more specific training
programs (Kalén et al., 2021).

In the aspect of basketball skill test assessment, which
included the assessment of the ability of basic basketball
playing techniques such as dribbling, passing, and shooting,
it was considered valid and reliable. It is important because
basic engineering skills are the main foundation for every
basketball player (Begu et al., 2023). In addition, children
aged 10 - 14 are an important time to develop advanced
movement skills needed to master basic techniques such
as throwing and catching (Koryahin & Hrebinka, 2023;
Santoso et al., 2024). This basketball coaching test model
covered all the basic techniques needed to comprehensively
assess an athlete’s talent, providing coaches with important
insights into a player’s technical ability. Some previous
research studies, talent scouting tests can also be done by
simply combining technical and physical skills tests such
as running then shooting, passing by running, or dribbling
by zig-zagging (Joseph et al., 2021; Larkin, Sanford, et al,,
2023). In addition, good technical skills allow athletes to
adapt more quickly to game situations, improve individual
and team performance, increase motivation and confidence,
and make decisions quickly (Cetinkaya et al., 2024; Djaba
et al., 2024; Latief et al., 2024). The success of this test in
evaluating basic technical skills validly and reliably provides
a solid foundation for the selection and coaching process of
young athletes who focus on mastering the fundamentals of
the game.

Then, the results of this study also showed that there
were no significant differences between the answers of male
and female athletes in assessing this talent scouting model.
It showed that the model can be applied universally to
both sexes and can be used effectively to identify potential
talents in both male and female athletes. It opened up wider
opportunities in the coaching and development of young
basketball athletes in Indonesia without gender differences
(Oliveira Castro et al., 2022), as well as providing a solid
basis for expanding their application at various levels of
coaching. This valid and reliable talent scouting model
makes it easier for coaches, basketball clubs, schools and
parents of athletes to comprehensively assess the physical
potential, techniques and tactics of young basketball athletes
(Juita et al., 2024). Then, a deeper analysis is also needed on
talent development in the training environment using the
Talent Development Environment Questionnaire (TDEQ-5)
especially in basketball (Putro et al., 2025). The limitation of
this study is the relatively small sample size, which included
athletes from basketball clubs in Yogyakarta Province.
Future research should aim to develop aptitude scouting
tests that incorporate psychological assessments and involve
a larger sample.

Conclusion

Based on the results of the study, the talent scouting
model for Indonesian basketball athletes aged 10-14 proved

to be valid and reliable in measuring the potential of athletes
from the aspects of anthropometric tests, biomotor tests and
basketball skills tests. The ease of implementation, clarity of
instructions, and safety of the test also add to the advantages
of this model, making it effective and easy to implement in
an early sports environment. Every aspect of the test, namely
physical tests and basketball skills tests, can be used to
assess the potential of athletes with high accuracy, ensuring
that this model is able to identify the talent of athletes
comprehensively. In addition, this model can be applied
to male and female athletes without significant differences,
demonstrating its suitability for widespread use in the talent
scouting process in Indonesia. Nevertheless, for the future,
further development is needed by adding psychological tests
and expanding the number of samples.

Acknowledgment

We would like to thank Yogyakarta State University,
senior coaches, and basketball players who have supported
the results of this research.

Conflict of Interest

The author has no conflict of interest regarding the
author or results of other studies.

References

Fariz, S., Widodo, A., & Salsabila, Z. S. (2023). Identifikasi
Bakat Olahraga Pada Siswa Sekolah Menengah Pertama
Se-Kabupaten Boyolali. Physical Activity Journal, 4(2),
199. https://doi.org/10.20884/1.paju.2023.4.2.8080

Susanto, N., Garcia-Jiménez, ]. V., Nowak, A. M., Setyawan,
H., Pavlovic, R, Rusdiawan, A., & Syaukani, A. A.
(2024). Development Assessment Model for Talent
Identification of Young Indonesian Basketball Players:
Anthropometrics, Biomotor, Technical, and Tactical
Skills. International Journal of Human Movement and
Sports Sciences, 12(4), 625-635.
https://doi.org/10.13189/5aj.2024.120403

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

Wedi, S., Tomoliyus, T., Fauzi, E, Gemaini, A., & Prabowo,
T. A. (2024). Innovation, Validity, and Reliability of
Modified Dynamic Balance Test for Karate Kata Category.
Sport Mont, 22(3), 3-8.
https://doi.org/10.26773/smj.241004

Salafi, M. I. E., Suherman, W. S., Suhartini, B., Antoni, M.
S., Pratama, K. W,, Nurfadhila, R., Nugroho, W., &
Miftachurohmah, Y. (2023). Design, Validation, And
Reliability Of A Basketball Skill And Performance Test
Instrument In Adolescent Player. Physical Education
Theory and Methodology, 23(5), 668-677.
https://doi.org/10.17309/tmfv.2023.5.03

Quilez-Maimén, A., Siquier-Coll, J., Nadal, C. A., Clemente,
E M., & Gonzélez-Fernandez, F. T. (2023). Relationship
Between Talent Identification And Change Of Direction

544



Putro, K. H., Suharjana, S., Marhaendro, A. S. D., Hariono, A., Siswantoyo, S., Fauzi, F,, Sukamti, E. R., & Prabowo, T. A. (2025). Evaluating
Validity and Test-retest Reliability on Indonesian Basketball Talent Scouting Model for Athletes Aged 10 to 14

In Young Basketball Players. Physical Education Theory
and Methodology, 23(1), 133-142.
https://doi.org/10.17309/tmfv.2023.1.19

Ribeiro Junior, D. B., Werneck, F. Z., Oliveira, H. Z., Panza,
P. S., Ibanez, S. J., & Vianna, J. M. (2021). From
Talent Identification to Novo Basquete Brasil (NBB):
Multifactorial Analysis of the Career Progression in
Youth Brazilian Elite Basketball. Frontiers in Psychology,
12. https://doi.org/10.3389/fpsyg.2021.617563

Doncaster, G., Medina, D., Drobnic, F, Gémez-Diaz, A. J.,
& Unnithan, V. (2020). Appreciating Factors Beyond
the Physical in Talent Identification and Development:
Insights From the FC Barcelona Sporting Model.
Frontiers in Sports and Active Living, 2.
https://doi.org/10.3389/fspor.2020.00091

Kalén, A., Padron-Cabo, A., Lundkvist, E., Rey, E., & Pérez-
Ferreirds, A. (2021). Talent Selection Strategies and
Relationship With Success in European Basketball
National Team Programs. Frontiers in Psychology, 12.
https://doi.org/10.3389/fpsyg.2021.666839

Prieto-Ayuso, A., Pastor-Vicedo, J. C., & Contreras-Jordan,
0. (2017). Content validity and psychometric properties
of the nomination scale for identifying football talent
(NSIFT): Application to coaches, parents and players.
Sports, 5(1). https://doi.org/10.3390/sports5010002

Ribeiro, D. B., Vianna, J. M., Oliveira, H. Z., Silva, R. C. P,, &
Werneck, E Z. (2021). Gold Score Basketball: a hybrid
scientific talent identification model for male basketball.
Motricidade, 17(4), 346-358.
https://doi.org/10.6063/motricidade.22607

Han, M., Gémez-Ruano, M. A., Calvo, A. L., & Calvo, J. L.
(2023). Basketball talent identification: a systematic
review and meta-analysis of the anthropometric,
physiological and physical performance factors. In
Frontiers in Sports and Active Living, 5.
https://doi.org/10.3389/fspor.2023.1264872

Krdl-Zielinska, M., Ciekot-Sottysiak, M., Szeklicki, R.,
Zielinski, J., Osinski, W., & Kantanista, A. (2019). Validity
and reliability of the polish adaptation of the CHAMPS
physical activity questionnaire. BioMed Research
International, 2019. https://doi.org/10.1155/2019/6187616

Tenelsen, E, Brueckner, D., Muehlbauer, T., & Hagen, M.
(2019). Validity and reliability of an electronic contact
mat for drop jump assessment in physically active adults.
Sports, 7(5). https://doi.org/10.3390/sports7050114

Hollstadt, K., Boland, M., & Mulligan, L. (2020). Test-Retest
Reliability Of The Closed Kinetic Chain Upper Extremity
Stability Test (CKCUEST) In A Modified Test Position
In Division I Collegiate Basketball Players. International
Journal of Sports Physical Therapy, 15(2), 203-209.
https://doi.org/10.26603/ijspt20200203

Robinson, K. ], Lubans, D. R., Mavilidi, M. E, Ortega, E B., &
Riley, N. (2024). Test-Retest Reliability and Concurrent
Validity of the 30 second Sit to Stand Test in Adolescents.
Measurement in Physical Education and Exercise Science,
28(1),109-118.
https://doi.org/10.1080/1091367X.2023.2249869

Gal-Pottyondy, A., Petrd, B., Czétényi, A., Négyesi, J.,
Nagatomi, R., & Kiss, R. M. (2021). Field testing
protocols for talent identification and development
in basketball—A systematic review. Applied Sciences
(Switzerland), 11(10). MDPI AG.
https://doi.org/10.3390/app11104340

Pino-Ortega, J., Rojas-Valverde, D., Gomez-Carmona, C. D., &
Rico-Gonzalez, M. (2021). Training design, performance
analysis and talent identification—a systematic review
about the most relevant variables through the principal
component analysis in soccer, basketball and rugby.
International Journal of Environmental Research and
Public Health, 18(5), 1-18.
https://doi.org/10.3390/ijerph18052642

Kelly, A. L., Saiz, S. L. ], Calvo, A. L., de la Rubia, A., Jackson,
D. T, Jeftreys, M. A., Ford, C., Owen, D., & Dos Santos, S.
D. L. (2021). Relative age effects in basketball: Exploring
the selection into and successful transition out of a
national talent pathway. Sports, 9(7).
https://doi.org/10.3390/sports9070101

Saputra, E., & Hadinata, R. (2017). Model Tes Bakat Calon
Atlet Sepakbola Untuk KU 9-10 Tahun. Journal Physical
Education, Health and Recreation, 2(1), 16.
https://doi.org/10.24114/pjkr.v2il.7836

Lubis, A. E., Mawardinur, & Ratna Dewi. (2020). Talent
Scouting Soccer Athletes Aged 10 to 11 Years. Jurnal
Pendidikan Jasmani (JPJ), 1(1), 29-32.
https://doi.org/10.55081/jpj.v1i1.107

Prasetiono, B. A., & Gandasari, M. E (2018). Model Rangkaian
Tes Keterampilan Tenis Lapangan pada Pemain Putra
Kelompok Usia 12-14 Tahun. Jurnal SPORTIF : Jurnal
Penelitian Pembelajaran, 4(2), 220.
https://doi.org/10.29407/js_unpgri.v4i2.12498

Syaifullah, R., & Doewes, R. I. (2020). Pencak silat talent test
development. International Journal of Human Movement
and Sports Sciences, 8(6), 361-368.
https://doi.org/10.13189/52j.2020.080607

Larkin, P, Carlon, T., Sortino, B., Greer, S., Cuttiford, T.,
Wijekulasuriya, G., & Pane, C. (2023). Anthropometry
and Physical Performance in 13-Year-Old Australian
Talent-Identified Male and Female Athletes Compared to
an Age-Matched General Population Cohort. Children,
10(2).
https://doi.org/10.3390/children10020212

Larkin, P, Sanford, M., Talpey, S., Gorman, A. D., & Reeves,
M. J. (2023). Talent Identification in Youth Basketball:
Talent Scouts’ Perceptions of the Key Attributes for
Athlete Development. International Sport Coaching
Journal, 10(2), 163-171.
https://doi.org/10.1123/iscj.2022-0052

Aiken, L. R. (1985). Three Coefficients for Analyzing the
Reliability and Validity of Ratings. Educational and
Psychological Measurement, 45(1), 131-142.

https://doi.org/10.1177/0013164485451012

Lu, B., & Yin, C. (2022). Positive Correlation Model In
Basketball On Athletes’ Physical Training. Revista
Brasileira de Medicina Do Esporte, 28(6), 807-809.
https://doi.org/10.1590/1517-8692202228062022_0047

Yilmaz, N. (2022). Investigation of the effect of isometric core
strength training in addition to basic basketball trainings
on explosive power in children aged 9-17. Pedagogy of
Physical Culture and Sports, 26(2), 75-82.
https://doi.org/10.15561/26649837.2022.0201

Florensa, Y. C., Hariadi, I., Yunus, M., & Hanief, Y. N. (2023).
Analysis Physical Condition of The Position Women’s
Basketball Players Perennial Foundation Of Perbaspa
Kediri District. Bravo’s: Jurnal Program Studi Pendidikan
Jasmani Dan Kesehatan, 11(3), 338.
https://doi.org/10.32682/bravos.v11i3.3255

545



ISSN 1993-7989. elSSN 1993-7997. ISSN-L 1993-7989. Physical Education Theory and Methodology. Vol. 25, Num. 3

Kaynar, O., & Bilici, F. (2019). Examination of Talent Selection
Methods in Different Sports Branches. Journal of
Education and Training Studies, 6(12a), 44.
https://doi.org/10.11114/jets.v6il12a.3925

Susanto, N., Dinata, W. W,, Thsan, N., Bahtra, R., Andria, Y.,
Pranoto, N. W,, Anam, K., Sofyan, D., Lourenco, C. C.
V., Burhaein, E., Garcia-Jiménez, J. V., & Setyawan, H.
(2023). Instrument for Assessing Basketball Skills in
Junior High School Students in Indonesia. Journal of
Physical Education and Sport, 23(12), 3220-3227.
https://doi.org/10.7752/jpes.2023.12368

Abazi, B., Berisha, M., & Faber, I. R. (2023). A Cross-Country
Validation Between Kosovo And The Netherlands Of The
Dutch Perceptual-Motor Skills Assessment For Talent
Detection In Table Tennis. Physical Education Theory and
Methodology, 23(4), 567-573.
https://doi.org/10.17309/tmfv.2023.4.11

Begu, B., Miftari, E, Dalip, M., & Haxhnikaj, L. (2023).
Comparing Situational And Motor Abilities Among
Kosovo Junior Basketball Players In Super And Unique
Leagues. Physical Education Theory and Methodology,
23(4), 552-559. https://doi.org/10.17309/tmfv.2023.4.09

Koryahin, V., & Hrebinka, H. (2023). Content And Structure
Of Competitive Activities Of Young Basketball Players
Aged 13-14. Physical Education Theory and Methodology,
23(1), 143-147. https://doi.org/10.17309/tmfv.2023.1.20

Santoso, N. P, Subagyo, S., Santoso, N., Prabowo, T. A., &
Yulianto, W. D. (2024). Assessing the Effect of Traditional
Games on Manipulative Movements in Elementary
School Students Based on Gender. Physical Education
Theory and Methodology, 24(3), 441-448.
https://doi.org/10.17309/tmfv.2024.3.13

Joseph, J., McIntyre, E, Joyce, C., Scanlan, A., & Cripps, A.
(2021). A comparison of multidimensional qualities
discriminant of selection in elite adolescent Australian
basketball athletes. PLoS ONE, 16(8 August).
https://doi.org/10.1371/journal.pone.0256032

Cetinkaya, E., Tanir, H., & Celik, E. (2024). The Relationship
of 2D:4D Finger Length Ratio with Biomotoric
Characteristics and Sports Performance in Adolescent
Basketball Players. Physical Education Theory and
Methodology , 24(1), 16-21.
https://doi.org/10.17309/tmfv.2024.1.02

Djaba, H. S. W, Siswantoyo, Budiarti, R., Fauzi, Sukamti, E.
R., Tomoliyus, & Prabowo, T. A. (2024). The Impact of
Motivation on Decision-Making of Futsal Goalkeepers in
Indonesia: An Analysis of Self-Confidence as Mediator.
Sport Mont, 22(2), 3-9.
https://doi.org/10.26773/smj.240707

Latief, H., Suherman, W. S., Rismayanthi, C., Alim, A., Huda,
M. S., Yulianto, W. D., & Prabowo, T. A. (2024). The
influence of performance in training on self-confidence
of wheelchair athletes with coach-athlete intimacy as a
moderating variable. Retos, 58, 760-768.
https://doi.org/10.47197/ret0s.v58.103726

Oliveira Castro, H. de, Silva Aguiar, S. da, Figueiredo, L. S.,
Laporta, L., Conti Teixeira Costa, G. De, Afonso, J.,
Adriano Gomes, S., & De Oliveira, V. (2022). Prevalence
of the Relative Age Effect in Elite Brazilian Volleyball:

An Analysis Based on Gender, the Playing Position, and
Performance Indicators. Journal of Human Kinetics, 84(1),
148-157. https://doi.org/10.2478/hukin-2022-0093

Juita, A., Tomoliyus, T., Hariono, A., Syahriadi, S., Sukamti,
E.R,, Fauzi, F, Alim, A., & Prabowo, T. A. (2024). The
effect of service quality and coach competency on the
motivation and achievement of Riau basketball student-
athletes. SPORT TK-Revista EuroAmericana de Ciencias
Del Deporte, 13, 12.
https://doi.org/10.6018/sportk.564821

Putro, K. H., Suharjana, S., Marhaendro, A. S. D., Fauzi, F,
Wicaksono, D, Irianto, S., & Prabowo, T. A. (2025).
Exploratory Factor Analysis on the Talent Development
Environment Questionnaire (TDEQ-5) for Basketball in
Indonesia. Physical Education Theory and Methodology,
25(1), 156-165. https://doi.org/10.17309/tmfv.2025.1.19

OuiHIOBaHHA BanigHOCTI Ta TeCT-peTecToBOI HARINHOCTI
iHAOHe3INCbKOI MoAeni NOoWYKY TasaHTiB y 6ackeT6oni
AnA cnoptcmeHiB Bikom Big 10 ao 14 pokis

Kyxyx Xappomno ITyrpo'4*PE, CyxapmxaHa

1ABCD
>

Aryc Cycsopo [IBi Mapxaengpo'APE, Apan Xapiono'*“P, CicBanrtoiio' "%,
daysi'"%, Enganr Pini Cykamri'A®P, Tpicuap Aai [Ipa6oBo*ABCPE

'Nlep>xaBHMit yHiBepcuTeT [ )KOK IKapTn
*YuiBepcurer Myxammanii y bpe6eci

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

Pedepar. Crarrs: 8 c., 4 Tabn., 1 puc., 34 mxeperna.

Icropis nuTanHs. BusiB/eHHs Ta/laHTIB y MOTOAMX CIIOPTCMEHIB Ma€e BUpIla/ibHe 3HAYEHHs /IS 3a0e3nedeHHs e(eKTuB-
HOTO CIIOPTUBHOTO TpeHyBaHH:A. OfHaK B [HA0HE3il pO3KPUTTA Ta/laHTIB y 6ackeT60Ii Ha paHHBOMY €Talli YaCTO YCKIIaHIOEThCSA
00OMEXEHICTIO CyJacHUX ineHTn(iKaliiHNX METOIB Ta IHCTPYMEHTIB.

Mera gocnigKeHHs. MeTo0 1[bOro JOCTIPKeHH: 6Y/I0 BIOCKOHA/IUTH ICHYIOUMIT TeCT /I BUSHAYeHH:A 37ji0HOCTelT 6ackeT-
6omictiB BikoMm Bixg 10 o 14 pokis. 106 IIpOaHali3yBaT eeKTUBHICTD HEPEITIAHYTOI MOJIENi, B JOCTI/KEHHI IPOBENEHO OL[iHIO-
BaHHA 11 BaJliIHOCTI Ta TECT-PETECTOBOI HAMIIMHOCTI, BUKOPUCTOBYIOUM [jaHi AK CIOPTCMEHIB-X/IOMNIiB, TaK i CIOPTCMEHOK-/iBYaT.
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Marepianu Ta MeToau. 3a/1s1 3abe3IedeHHs BaIJHOCT] OLiHIOBAHHS TECTY IIPOBOAV/IN YOTHPH eKCIEPTH 3 JOKTOPCHKIM
CTyIIeHeM Ta CiM JOCBifueHnX 6acKkeTOONbHUX TPEHEePIB i3 cepefHiM cTakeM TpeHepcbKoi poboru 12,78 + 2,2 pokiB, AKi MaOTh
nirensiio kareropii «B» Ta cTymiHb 6akanaBpa 3i CIOPTUBHMX HayK. [IJIst OLIiHKY TecT-peTecToBOl HafiitHOCTI 6y10 3amy4deHo 40
criopTcMeHiB BikoM Bif 10 1o 14 pokiB, cepenHiit Bik Akux ctaHoBuB 12,3+1,0 pokiB, £0 CKIafy AKux Bxopmmm 20 X/I0MLiB (3picT
160,2+1,3 cM, Bara 47,5+7,2 KT, cepefiHiii JOCBifl TpeHyBaHb 3,5+1,12 poxkiB) Ta 20 miBuat (3pict 157,2£3,7 cM, Bara 44,516,3 KT, ce-
penHiit focBin TpeHyBaHb 3,2+1,06 pokis). Yci yyacHMKYM fOCTimKeHHA Oy perioHanbHMMM YeMiioHaMu. TecT 3acTocoByBaBcs
JBidi 3 TVDKHEBMM iHTE€PBANIOM MK C€aHCaMIL.

Pesynbraru. Y gocnimkeHHi IpoBeieHO TPY TUIIM TECTiB 3 METOI0 BU3HAYEHHA aHTPOIIOMETPMYHMX IIOKA3HMKIB (3piCT, Bara,
PiBeHb XMPOBOI MacH, TOBKMHA PYK), 6iOMOTOPHUX (BUTPUBAIICTD, CM/IA, THYYKICTh, IIBU/KICTD, peaKilis, piBHOBara, 3arajibHi
pyxu), 6ackeTOOIBHNX HABUYOK (IpMOTIHT, Iepefada, BUKOHAHHS KIU/KIB) i3 3acTOCYBaHHAM KoedilieHTa BamigHOCTI AliKkeHa
V >0,8, TecT-peTecty 3 KOpeALitHNM MOMeHTOM H06yTKy p<0,05 Ta r=0,786, a TaKOX t-KpUTepil0 He3anmeXXHNX BUOIPOK Lt
CIIOPTCMEHIB-X/IOIIIIB Ta CIIOPTCMEHOK-/IiBYAT 3 piBHeM 3HauymocTi p<0,05. 0,134 abo p<0,05.

BucHoBku. OTpyMaHi pe3yIbTaTy CBif9aTh PO Te, 110 MOJE/b IOLIYKY TaTaHTiB iH/JOHe31iICbKIX 6ackeTOO/MICTiB BikoM Bif
10 o 14 poxiB BusABWM/IACA BaIifHOIO Ta HA/ITHOIO 3 TOUKY 30Py IIPOBEIEHHS aHTPOIOMETPUYHIX TeCTiB, 610MOTOPHMX TeCTiB Ta
TeCTiB [/l BUSHA4YeHH:A 0ackeTOOMbHNX HaBUYOK. J]o mepeBar i€l Mofie/i TaKoX MOYKHA BiTHECTM IIPOCTOTY peajtisaliil, 3posy-
MiTiCTh iHCTPYKLi Ta 6e3neunicTb TecTy. Kpim Toro, 3a3HadeHy MOJie/ib MOXKHA 3aCTOCOBYBATH 10 CHOPTCMEHIB i ClIOPTCMEHOK
6e3 cyTTeBUX BifMiHHOCTelt. Heo6XifHO IpOBeCTH MOAAbIII JOCTIIXKEHH 3 METO0 CIPUSHHS IPOJOBKEHHIO POSBUTKY ILIIAXOM
IOIaBaHHsI IICUXOJIOTIYHNX TeCTIB i pPO3IIMPEeHHs Ki/IbKOCTi BUOIPOK.

KinrouoBi cnoBa: 6acker601, IOIIYK Ta/laHTiB, PO3BUTOK TA/IaHTiB, BUMMIpIOBaHHSA IOKa3HMKIB y OackeTOOII, CIOPTUBHE
TeCTYBaHHA.
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Abstract

Objectives. This study aimed to assess whether there is a difference in influence between Constraint-Based Problem-
Solving (CBA-PBL) and PBL (Problem-Based Learning), whether there is an interaction between the PBL-CBA
model and motivation, and whether there is a difference in influence between students who have high and low
motivation after undergoing PBL-CBA and PBL models.

Materials and methods. The study employed an experimental method with a 2 x 2 factorial design, where treatment
was needed, involving 40 students.

Results. The results of the study obtained the value of F count PBL-CBA (A1) and PBL (A2) = 105.144 (p < 0.05),
thereby indicating a significant difference (uA1 = 106.6 > wA2 = 100.4). Fcount interaction PBL (A)*motivation

(B) =280.779 (p < 0.05), thus there is a substantial interaction. A comparison of tA1B1 and pA2B1 yielded a result
of 23.5000%, [Sig. 0.000 < 0.05; CI 95% = 212.156 - 257.844]. A comparison of the effect of yA1B2 and pA2B2 is
-3.90007%, [Sig. 0.000 < 0.05; CI 95% = -61.844 - -16.156], reinforced by homogeneous results from different sub-sets.
Conclusions. The conclusion of this study is that PBL can be pushed further in the sense that learners enter into

real problems, become part of the problem situation, and problems or constraints can be improved in terms of
constellation. The findings suggest that there is an interaction between PBL and motivation, the existence of a
problem in the form of a task generates motivation to solve it, and the problem is successfully solved when the learner
has motivation. Learning with a constraint-led approach must be appropriate to the learner’s characteristics, any
attempt to increase the task must be given and reviewed very wisely.

Keywords: project-based learning, constraint-led approach, motivation, volleyball.

Introduction and experiential learning are implemented (Azmi & Iswanto,
2022). KM aims to foster 21st-century skills through SCL-
based learning (Arrasyid, 2023). SCL-based learning in
KM; should be project and problem-based, technology
integration, positive environment, and instill resilience in
students (Noptario et al., 2024). However, field facts show
that KM and SCL in PE in schools and PE/sport pedagogy in
universities are still problematic and not running optimally.

The most common problem is the slow transition of
teaching and learning habits from TCL to SCL, this problem is

© Awaluddin, A., Samsudin, S., Puspitorini, W, Widiastuti, W, found in primary education (Fahrozi et al., 2024), secondary

Physical education (PE) in schools and PE/sport
pedagogy in universities are required to synergize with the
times and the dynamics of science. One of the synergy efforts
in question is the transition from the paradigm of teacher-
centered learning (TCL) to student-centered learning (SCL)
(Rusli et al., 2024; Awaluddin et al., 2023). This transition
became the spirit of the formulation of the Merdeka
Curriculum (KM) in Indonesia. KM is realized when SCL

& Syahruddin, S., 2025. education (Lismana et al., 2022; Is et al., 2024; Fadlan &

Anshor, 2022; Wasak & Rohi, 2024), higher education

(@ PECT'\él . (Sudrajat et al., 2023; Utami et al., 2022; Rochmat et al.,
7= LLCOV.
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2022; Syafruddin & Sutriawan, 2024), and higher education
(Rusli et al., 2024; Atmaja et al., 2022). The slow transition is
predicted because learners lack motivation and confidence
(Safitri et al., 2024; Ezeddine et al., 2023), low critical
thinking skills and lack of interactive and collaborative
learners (Rahmadi et al., 2023; Dupri et al., 2020). The
solution to solve the existing problems is problem-based
learning (PBL). PBL is ‘problem-based learning’ and has
better effectiveness than direct learning (Wallace et al., 2020;
Pakaya et al., 2023). PBL allows learners to gain experience
in identifying the limitations of their knowledge (Saqr et al.,
2023). PBL encourages learning motivation, reasoning, and
collaboration (Ramdani et al., 2022). PBL characteristics;
learners are the core of the learning process, placed in
small groups, instructors act as facilitators, and learners
are presented with authentic problems at the beginning of
learning (Boye & Agyei, 2023).

PBL can be further maximized through the concept of
constraint-led approach (C-la). C-laisalearning concept that
prioritizes giving tasks in the form of constraint/challenge
manipulation, even the constraints/challenges must be
increased/difficulties in each phase, with the increasingly
difficult constraints/challenges making learners increasingly
try to produce specific solutions, play an active role, interact,
collaborate, and be motivated (Renshaw et al., 2010; Renshaw
& Chow, 2019). There are three types of constraint/challenge
manipulation in C-la; organism manipulation (height
and weight, fatigue level, and motivation), environment
(weather, temperature, light, and social encouragement),
and task (rules, equipment, restrictions, opponents, and
peers) (Davies et al., 2023). The elaboration of PBL and C-la
is new compared to previous research. Using PBL to improve
students’ critical thinking skills and cooperation in practical
courses (Dupri et al., 2020), student’s interest and learning
effectiveness in exercise physiology courses (X. Liu et al.,
2023). Using PBL to improve PE motivation and learning
outcomes (Arisetiyana et al., 2020), students’ badminton
playing skills (Prabandaru et al., 2020), volleyball activeness
and learning outcomes (Prasetyo et al., 2022), basketball
playing skills (Fadlan & Anshor, 2022; Rahmadi et al., 2023),
critical thinking skills (Is et al., 2024), knowledge, attitude,
and psychomotor aspects (Wasak & Rohi, 2024). Comparing
PBL and Teams Games Tournament on soccer learning
outcomes (Panuntun, 2020), PBL and Flipped classroom
on pencak silat learning outcomes (Lubis et al., 2022), PBL
and conventional PE on increasing motivation and learning
outcomes (Ezeddine et al., 2023), cognitive, affective, and
psychomotor improvements (Endrawan & Aliriad, 2023).

This study proposes the existence of motivation from
the perspective of Self-determination theory (S-dt) as a
moderate variable to add novelty value. As well as research
comparing Project-Based Learning-based PE, and self-
confidence on athletic learning outcomes (Safitri et al.,
2024). We propose this because motivation through the
S-dt perspective is proven to influence the motion learning
process (van Aart et al., 2017). Humans become more
motivated when given full authority to determine their own
destiny, as they feel they have greater control (Leo et al,,
2022). Motivation through the S-dt perspective occurs due
to three aspects; (1) Autonomy (being given the authority to
determine behavior and goals), (2) Competence (feeling the
ability to complete tasks), and (3) Connection/relationship

(completing tasks because they feel related to others) (de
Bruijn et al., 2022). For this reason, we propose one of the
courses in the PE program in higher education, namely
learning volleyball through the PBL model. The hypotheses
proposed; (1) There is a difference in influence between the
PBL-CBA Model (Elaboration between PBL and constraint-
led approach) and the PBL Model (conventional PBL). (2)
There is an interaction between PBL model (1 and 2) and
motivation (from the Self-determination theory point of
view). (3) There is a difference in effect between students
who have high and low motivation after undergoing the PBL
model (1 and 2).

Materials and Methods

Study Design

The research employed an experimental method with
a 2 x 2 factorial design where treatment was needed. This
study was approved by the Ethics Committee of the State
University of Makassar.

Participants

The population came from students who were studying
volleyball in the PE study program at Megarezky University
located in Makassar City, Indonesia, totalling 101 students.
Then the sample was drawn using random sampling
through a lottery, all selected samples signed an agreement
to participate in the study. The selected sample underwent A
Test of Self-Determination Theory in the Exercise Domain
(Edmunds et al., 2006), then used the Verducci Formula
(27 % upper and lower limits) to distribute the sample into 4
groups, resulting in 10 samples/group. Distribution results:

Table 1. Factorial Design

PBL Learning Model (A)
Motivation
(B) PBL-CBA PBL Model Total n
Model (A1) (A2)
High (B1) A1B1 10 A2B1 10 20
Low (B2) Al1B2 10 A2B2 10 20

Dependent Variable (C); Volleyball playing skills

Procedures

After the PBL group is formed systematically, then all
groups involved are directed to undergo the PBL model.
The following is the PBL syntax used in this study. In the
first stage according to the PBL Model syntax; (1) Group
A1BI and A1B2 obtained problem orientation by directly
experiencing the task/problem given, learners were directly
present in the middle of the game, carrying out all and every
rule of the game, even the task/problem was increased in
each phase; group mates vs group mates, group members
vs learners outside the group, and group members vs pro-
campus athletes. (2) Groups A2B1 and A2B2 received
conventional problem orientation; through literature,
discussions, and videos of volleyball playing skills problems.
After undergoing treatment, the volleyball lower passing
ability test was carried out, the test used in two dimensions,
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namely assessing the process and results. To assess the process
using test instruments according to (Durrwachter, 1986)
and to assess the results using test instruments according to
(Widiastuti, 2011).

Statistical Analysis

The prereq-uisite tests were the normality test using the
Kolmogorov Smirnov test (p > 0.005) and the homogeneity
test using Levene statistics (p > 0.005). Furthermore, data
analysis uses two-way ANOVA at the significance level
a = 0.05. If the test results show an interaction then continue
with the Tukey test.

Result

Descriptive

Based on table 2, the mean and std. deviation values of
Al [106.60 + 14.199], A2 [100.45 + 14.097], A1B1 [120.30 +
18.885], A1B2 [92.90 + 22.335], A2B1 [104.10 + 20.248],
A2B2 [96.80 + 13.165] are known. Minimum and maximum
values A1 [90 + 124], A2 [95+ 107], A1B1 [117 + 124], A1B2
[90 + 96], A2B1 [101 + 107], A2B21 [95 + 99].

Table 2. Bottom Serve Results

Group n Min + Max Mean + SD
Al 20 90 + 124 106.60 + 14.199
A2 20 95+ 107 100.45 + 14.097

Al1B1 10 117 + 124 120.30 + 18.885

A1B2 10 90 + 96 92.90 +22.335

A2B1 10 101 +107 104.10 + 20.248

A2B2 10 95+ 99 96.80 + 13.165

Prerequisite Test

Based on table 3, A1B1 shows that, with n = 10 has a
significance of more than 0.200 (0.200 >.0.05) meaning
A1B1 is normally distributed. A1B2 shows that, with n = 10
has a significance of more than 0.200 (0.200 >.0.05) meaning
A1B2 is normally distributed. A2B1 shows that, with n = 10
has a significance of more than 0.200 (0.200 2.0.05) meaning
A2B1 is normally distributed. A2B2 shows that, with n = 10
has a significance of over 0.200 (0.200 2.0.05) meaning A2B2
is normally distributed.

Table 3. Data normality test results

Kolmogorov-Smirnov

Group

Statistics df Significance
Al1B1 0.11319 10 0.200*
A1B2 0.14097 10 0.200*
A2B1 0.09861 10 0.200*
A2B2 0.11111 10 0.200*

Based on table 4, the results of the Levene-test calculation
between Al and A2, obtained a significant price of 0.216>
0.05, thus the two population cells variance (Al and A2) are
Homogeneous.

Table 4. Homogeneity Test Results

Group
Aland A2

Levene Statistics dfl1  df2 Sig
1.560 3 36 0.216

After being declared normal and homogeneous, the
variance analysis requirements have been met. Furthermore,
hypothesis testing uses two-way analysis of variance
(ANOVA). If there is interaction, the analysis used is the
Tukey Test.

Table 5. Results of Differences in the Effect of PBL-CBA
Model and PBL Model

Source d Type Il Sum Mean Square F Sig.
of Squares
PBL (A) 1 378.225 378.225  105.144 0.000
Motivation (B) 1 3010.225 3010.225  836.819 0.000
A*B interaction 1 1010.025 1010.025  280.779 0.000
Error 36 129.500 3.597 0.000
Total 40 433225.000

Hypothesis 1

Based on table 5, the price of F (calculate) the difference
between the PBL-CBA model (A1) and the PBL model (A2)
obtained F = 105.144 (p < 0.05). Thus there is a significant
difference between the PBL-CBA model and the PBL model
to improve the results of volleyball lower passing sKkills.
Where PBL-CBA is better than PBL it can be seen from pA1
= 106.6> pA2 = 100.4.

Hypothesis 2

Based on table 5, the price of F count interaction
between PBL model (A) * motivation (B) is obtained =
280.779 with probability level sig = 0.000. Thus it can be
concluded that there is a significant interaction between the
PBL model (1 and 2) with motivation in the skill of passing
under volleyball (p < 0.05).

In accordance with the results listed in table 4, further
analysis is carried out with the Tukey test. A summary of
the results of the Tukey test calculation can be seen in the
following table:

Table 6. Multiple Comparisons Tukey HSD

M 95% Confidence

ean

_ Interval

(et (J) PBL Difference Std. Error Sig. —————
CBA (1)) Lower Upper

Bound Bound

A1B1  A2B1  23.5000* .84820 0.000 212.156 257.844
Al1B2 A2B2  -3.9000* .84820 0.000 -61.844 -16.156

Hypothesis 3

Based on table 6, the comparison of the average number
of effects of A1B1 and A2B1 is 23.5000 *, the comparison
of the average effect of the lower bound is 212.156 and
the Upper Bound is 257.844 at the 95% confidence level,
and the Sig value is known. 0,000 < 0,05. Thus there is a
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difference in influence between A1B1 and A2B1, where
A1B1 is better than A2B1. Furthermore, the comparison
of the average number of influences of A1B2 and A2B2 is
-3.9000 *, the comparison of the average influence of the
lower bound is -61.844 and the Upper Bound is -16.156 at
the 95% confidence level, and the Sig value is known. 0.000
< 0.05. Thus there is a difference in influence between A1B2
and A2B2, where A2B2 is better than A1B2. These results
are also reinforced by the Homogeneous Subsets results (see
table 7) that the four PBL groups are in different sub-sets.

Table 7. Homogeneous Subsets

PBL R Subset
1 2 3 4
A1B2 10 92.90
A2B2 10 96.80
A2B1 10 104.10
Al1B1 10 120.30
Sig. 1.000 1.000 1.000 1.000
Discussion

There is a difference in effect between PBL-CBA and
PBL, where PBL-CBA is better than PBL. Our findings are
in line with other findings that learning with constraint-
led approach can encourage people to acquire new skills,
adapt, participate in physical activities, and at the same time
create a dynamic and explorative learning environment, and
foster motivation and creativity (C. Liu, 2023). The existence
of improved constraints that are simulated in the learning
process helps one to gain new insights in the decision-making
process (Sanchez-Garcia, 2023). Manipulating the training
environment (constraint-led approach) in volleyball serve
training increases students’ exploratory power to learn motor
skills (Moy, Renshaw, & Gorman, 2024). Perceived constraints
support positively predicted effort and engagement in PE
(Pan & Hsu, 2024). It is important to modify activities,
rules, and equipment, all to increase learning opportunities,
foster the perception of developmentally appropriate motor
skills, and encourage moderate to vigorous physical activity
(Moon & Lee, 2025). Another study that applied constraint-
led approach to early childhood by comparing children’s
success using conventional bicycles, one group of children
practicing with assistive wheel bicycles and another group
using balance cycles, the trial results showed that children
using balance cycles had 100% success compared to assistive
wheel bicycles which were only 75%, this finding was
predicted because the balance cycle made children make
extra efforts and independence when balancing the bicycle,
controlling the speed and braking the bicycle (Mercé et al.,
2023). Our results suggest that PBL can be pushed further
in the future, so that learners are not only given problems
through lecturers’ explanations either through stories,
assignments, visual information or scripts. It can be pushed
further, meaning that the learners enter into the problem in a
real way, become part of the problem situation, and even the
problem or obstacle is increasing in its constancy over time.

There is an interaction between PBL and motivation,
in essence PBL contains the concept of non-pedagogic
learning where learners are given the freedom to learn

according to the problem at hand according to their ability
to understand and solve the problem. As for motivation
(from the point of view of Self-determination theory), it
is born from autonomy or authority to determine their
behavior and goals, competence to complete the task at
hand, and connection/relationship to complete the task
because they feel related to others. This means that PBL is
able to give way directly or indirectly to learners who have
motivation based on the Self-determination theory point
of view. Some studies are in line and reinforce the existence
of our research results; the learners responded that their
motivation increased during the briefing process by the
lecturer and the assigned problem solving process (Nor
Farida et al., 2012). PBL has an effect on increasing student
learning motivation (Safitri et al., 2023; Arisetiyana et al.,
2020). There is a difference in increasing student motivation
between the two proposed learning methods (PBL and
conventional) (Kho et al., 2024). Elaboration between
PBL and Discovery Learning effectively increases student
motivation and learning outcomes (Panggabean et al., 2023).
PBL successfully increases student motivation and learning
outcomes, students’ badminton playing skills (Prabandaru et
al., 2020), PBL-based PE is more effective than conventional
PE in junior high school students on increasing motivation
and learning outcomes (Ezeddine et al., 2023). It can be seen
that there is an intense interaction between the two (PBL and
motivation), the existence of problems in the form of tasks
raises the motivation of a learner to solve it and problems
in the form of tasks can be successfully resolved when the
learner has motivation.

There is a difference in the effect between PBL-CBA and
PBL, for low and high motivated students, where low mo-
tivated students are more suitable for PBL than PBL-CBA
and high motivated students are more suitable for PBL-CBA
than PBL-CBA. It can be understood that PBL-CBA which
contains the concept of constraint-led approach can only be
digested by learners when they have high motivation, while
PBL tends to be suitable for learners who have low motivation.
Many unique things can be assumed from this result, such as
learners’ independence that must be questioned in solving
problems after authority is given (Leo et al., 2022), not to men-
tion the lack of confidence in their competence, as well as the
absence of strong group connectivity (de Bruijn et al., 2022),
when undergoing the PBL-CBA process. Another important
finding that requires further explanation is that low-motivated
learners performed better in PBL than PBL-CBA. This phe-
nomenon is possible due to the heavy burden of problems
assigned to a person’s exercise performance can be disrupted
and lead to mental fatigue, for that decrease in task load can
be reviewed so as to reduce the demands of cognition and
physical performance (Daub et al., 2023; Bahrami, Moradi,
& Etaati, 2020). The severity of task load can reduce cognitive
performance such as the take-the-first (TTF) heuristic and/
or decision-making ability (Cao et al., 2022). Our findings
confirm that learning with a constraint- led approach must be
appropriate to the characteristics of the learners, any attempt
to increase the task must be given and reviewed very wisely.

Conclusion

There is a difference in the effect between PBL-CBA
and PBL, where PBL-CBA is better than PBL, thus PBL

551



ISSN 1993-7989. elSSN 1993-7997. ISSN-L 1993-7989. Physical Education Theory and Methodology. Vol. 25, Num. 3

can be pushed further in the sense that learners enter into
the problem in real terms, become part of the problem
situation, and even the problem or obstacle is increasingly
enhanced over time. There is an interaction between PBL
and motivation (from the viewpoint of Self-determination
theory), meaning that the existence of a problem in the
form of a task raises the motivation of a learner to solve it
and the problem in the form of a task can be successfully
solved when the learner has motivation. There is a difference
in the effect between PBL-CBA and PBL, on students who
have low and high motivation, where students who have low
motivation are more suitable for PBL than PBL-CBA and
students who have high motivation are more suitable for
PBL-CBA than PBL-CBA, thus learning with a constraint-
led approach must be in accordance with the characteristics
of the learner, the effort to add tasks must be given and
reviewed very wisely. PE and sport pedagogic/education
learning in the future can be maximized with PBL or other
learning models that are student centered learning and non-
pedagogic learning through joint elaboration of the concept
of constraint-led approach, and pay attention to motivation
from the perspective of Self-determination theory. Of course,
this conclusion requires further research in the future.
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KomnnekcHun nigxia fo nigBuLeHHA CNOPTUBHOI
MalncTepHOCTi y Bonenboni: Ponb npo61emMHO-OpiEHTOBAHOrO
HaB4YaHHA, 0OMeXXeHO-KepOoBaHOro nigxoay Ta moTuBauii

ABanyapin ABamyagin'A®P, Camcynin Camcynin'A“P, Baxtoninrriac Ilycnitopini'A“P,

Bipiaryri BigiactyTi'A?, Caxpypain Caxpynpin

!II>kaKapTCbKUII Aep>KaBHUI YHIBEpCcUTeT
*MakaccapCbKuil lep>KaBHUI YHIBEPCUTET

2CD

ABTOpPCHKMIT BKTAJ: A — Am3aitH gocnipkeHHs; B — 36ip ganux; C — crarananis; D — migroroska pykormucy; E — 36ip komtis

Pedepar. Crarts: 8 c., 6 Tab., 48 mxepert.

Merta gocmimxenns. Lle focmipkeHHA Maio Ha MeTi BUSHAUUTH, UM iCHYIOTb BiIMIHHOCTI y BIIMBI MiXk PO3B’sI3aHHSAM 3aj1a4
Ha ocHoBi o6MexeHb (Constraint-Based Problem-Solving, CBA-PBL) Ta npo6eMHo-opieHTOBaHNM HaByaHHAM (Problem-Based
Learning, PBL), uu € B3aemo3B’s130k Mixx Mogiernio PBL-CBA ta MoTHuBalji€0, a TAKOXX 4 CIOCTEPIra€ThCst PISHULIS LIOfI0 BIUIMBY
MK CTyJIeHTaMU 3 BUCOKIM Ta HU3bKUM PiBHEM MOTMBaLil Imicia 3actocyBanHsa mogpieneit PBL-CBA ra PBL.

Marepianu Ta MeTog. Y TOCTIIKeHHI BUKOPUCTOBYBABCA eKCIIepYIMEHTaIbHII METO] i3 3aCTOCYBaHHAM (PaKTOPiaIbHOTO
Iu3aiiHy 2 X 2, e HeoOXiffHUM OY/I0 IpOBeleHHs BUIIPOOYBaHHs, B AKOMY Opay y4acTb 40 CTy/eHTiB.

PesynbraTi. 3a pesynbraraMu JOCTIIPKeHHSA OTPUMaHO 3HaueHHA F-pospaxynky PBL-CBA (Al) ta PBL (A2) = 105,144
(p < 0,05), o CBiFYUTD PO HKOCTOBIpHY pisHMIIO MOKasHMKIB (MAl = 106,6 > A2 = 100,4). Bsaemopis F-pospaxynky PBL
(A)*morusanis (B) = 280,779 (p < 0,05), 110 BKa3ye Ha CyTTEBMIT B3a€MO3B A30K. [IopiBHANbHMIT aHami3 HA1BI i tA2B1 mokasas
pesymbrat 23,5000%, [Sig. 0,000 < 0,05; CI 95% = 212,156 - 257,844]. IlopiBusinHs edexy HA1B2 i tA2B2 cranoButs -3,9000%, [Sig.
0,000 < 0,05; CI 95% = -61,844 — -16,156], 1110 IiTBEPAXKYETHCA OFHOPIFHMMY Pe3y/IbTaTaMM 3 PI3HUX MiIMHOXIH.

BucHOBKM. Y 1IbOMY [OCTIKeHH] 3p00/IeHO BUCHOBOK IIPO MOXK/IMBICTD IIOZA/IbLIOr0 po3BUTKY Metony PBL B ToMy po3sy-
MiHHi, 1[0 Y4HI CTMKAIOTHCA 3 PeaJbHYMY TPYAHOIIAMY, CTAIOTh YaCTUHOIO MpobIeMHOI cuTyalil, a cami ckmagHomii abo o6Me-
JKE€HHS MO>XHa ITOJIIIINTY 3 TOUKY 30PpY KOHCTe/ALil. PesynbTaTty foCmimKeHHa BKa3yl0Th Ha HaABHICTb B3a€EMOJIii Mi>K METOIOM
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PBL i MmoTuBauie€o, icHyBaHHs Ipo6neMy y BUI/IAALL 3aBIAHHSA IOPOKYE MOTMBALIIIO /10 Il pO3B’A3aHHsA, IpU LIbOMY IIpobIeMa
YCIIIITHO BUPILIYETbCA B YMOBaX HAsABHOCTI B yuHsA MOTuBalii. HaBuaHHA i3 3acTOCyBaHHAM 0OMEXEHO-KePOBAHOTO MiIXOAY Ma€e
BPaXOBYBaTH iH/VBifya/IbHi 0COOMMBOCTI yuHs, a OyAb-siKa crpoba MifBUILNTY CKIafHICTh 3aBIaHHA Ma€ HaJaBaTHUCs Ta pO3-
IIAIaTUCA 3 MAKCUMAJIbHOK PalliOHa/IbHICTIO.

Knro4oBi c1oBa: HaBYaHHA 3 BUKOPUCTaHHAM IIPOEKTIB, 06Me>KeHo-Kep0BaHMI7{ MigXig, MOTMBALif, BOIENOOI.
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Abstract

Background. The development of youth football is significantly influenced by collaborative coaches, parents, and
stakeholders, who play a pivotal role in shaping athletes” experiences and long-term engagement. Coaches provide
structured training, emotional support, and discipline, while parents offer guidance without undue pressure.
Stakeholders, including authorities and governing bodies, ensure governance, resources, and policy frameworks.
Their collaboration fosters skill development, psychological growth, and sustained athletic success.

Objectives. This study aimed to examine the impact of coaches, parents, and stakeholders on the development of
youth football, highlighting their contributions and the importance of collaborative frameworks.

Materials and methods. A quantitative research design was employed, collecting data from young male footballers in
Gimbi Administrative Town, Ethiopia. Standardized questionnaires were used to assess the perspectives of coaches,
parents, and stakeholders, with reliability coefficients of (a = 0.796, 0.817, and 0.752), respectively. Statistical analysis
was conducted using SPSS 26, applying descriptive statistics, Pearson correlation, one-way ANOVA, and multiple
regression analysis at a 0.05 significance level.

Results. The findings revealed that coaching had the most significant impact on youth football development (p = 0.799,
p < 0.001), followed by stakeholder involvement ( = 0.514, p = 0.049), while parental engagement played a supporting
role (B = 0.266, p = 0.032). A strong positive correlation was found between coaching and youth football success (r
=0.843, p < 0.01). Parental involvement showed a moderate to strong positive correlation (r = 0.695, p < 0.05), while
stakeholder support exhibited a moderate correlation (r = 0.677, p < 0.01). The ANOVA results confirmed significant
differences in stakeholder, parental, and coaches’ perspectives on football development (F = 47.724, p < 0.001).
Conclusions. The study underscores the vital roles of coaches, stakeholders, and parents in youth football
development, advocating for better coaching education, stakeholder investment, and balanced parental involvement.
Strong collaboration is key to a sustainable and holistic development model.

Keywords: youth football development, coach, parental involvement, stakeholders.

Introduction of coaches, parents, and local authorities, with each of these
groups holding a vital position in crafting the experiences and
eventual outcomes that young athletes undergo during their
sporting pursuits. A thorough understanding of these com-
plex interactions elucidates how these pivotal stakeholders
facilitate the creation of a supportive atmosphere that not only
fosters development but also amplifies the satisfaction expe-

(@ PETM rienced within the domain of sports (Mola & Shaw, 2024a).
s LLCOVS

The development and improvement of youth football
are notably dictated by the unified contributions and effects

© Taye, A. G., Bouchh, H., Rahman, M. H., Uvinha, R. R,,
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Coaches, parents, and stakeholders play pivotal roles
in shaping the future of youth football by fostering positive
developmental environments and enhancing athlete
experiences (Mola & Shaw, 2024a). The collaborative efforts
of these key figures significantly influence the growth and
success of young footballers, ensuring a balance between skill
development, personal growth, and long-term engagement
in sports (Mola & Shaw, 2024b). By working together, these
individuals can create a comprehensive support system that
nurtures young athletes, both on and oft the field.

Coaches serve as the foundation of youth football
development by implementing age-appropriate training
programs and fostering cognitive and psychological skills.
They play a crucial role in promoting professional conduct
and moral role modeling, which is essential for shaping
young athletes’” character (Harwood & Knight, 2014). Also,
the role of coaches in fostering emotional competence and
psychological well-being among young athletes is critical,
as evidenced by various studies. Martinez-Pampliega et
al. (2023) highlight that coaches’ emotional competencies
significantly influence the training climate, which in turn
affects athletes’ emotional skills and reduces symptoms of
emotional distress. By establishinga motivating environment,
coaches enhance moral attitudes, emotional well-being, and
overall psychological health. A task-oriented climate that
prioritizes learning and improvement over mere victory
has been shown to correlate with improved well-being,
resilience, and a sense of security among young athletes
(Shanmugaratnam et al.,, 2024). Additionally, cooperative
learning strategies, where mistakes are seen as learning
opportunities rather than failures, help athletes develop
stronger connections with coaches and teammates, leading
to improved social and emotional well-being (Kipp & Bolter,
2023). Furthermore, coaches serve as mentors; guiding
players through challenges and helping them develop critical
thinking skills that extend beyond the football field. Their
influence extends to instilling discipline, teamwork, and a
growth mindset that can benefit young athletes in various
aspects of their lives.

Parents play an equally vital role by providing emotional
and logistical support for their children’s participation in
football. Their involvement can significantly influence young
athletes’ motivation and enjoyment, with research highlight-
ing the importance of balancing encouragement with realis-
tic expectations (Bognar et al., 2024; Scholle, 2023). While
parents often prioritize both academic and athletic achieve-
ments, excessive pressure can hinder a child’s enjoyment
and development. Studies have underscored the necessity
for effective coach-parent collaboration to ensure a support-
ive environment that fosters both competitive success and
personal growth (Bettega et al., 2023). Recognizing the fine
line between encouragement and undue pressure is crucial
in maintaining young players’ enthusiasm and mental well-
being. In addition, parents contribute to the development of
positive habits such as time management, healthy nutrition,
and emotional resilience, which are essential for sustaining
long-term athletic and personal success.

Stakeholders, including local authorities and governing
bodies, contribute to youth football by creating structured
pathways and governance models that align with long-term
strategic goals. Effective communication and collaboration
among these groups are essential to maintaining consistency

in developmental processes and optimizing young athletes’
experiences (Sweeney et al.,, 2022). A unified approach
ensures that football development not only nurtures athletic
talent but also instills essential life skills such as teamwork,
resilience, and discipline. However, research suggests that
young footballers primarily develop life skills through
implicit experiences rather than structured programs (Cope
et al,. 2016). Addressing this gap by integrating life-skills
education into training regimens can better prepare athletes
for challenges beyond sports, equipping them with tools
for both personal and professional success. Additionally,
governing bodies playa crucial role in ensuring that clubsand
academies adhere to best practices in athlete development,
providing access to quality coaching, safe facilities, and
structured career pathways for young players.

The alignment of perceptions among stakeholders
regarding talent identification and development is critical
for creating coherent support systems (Pankhurst & Collins,
2013). A shared vision ensures that young athletes receive
the necessary guidance, opportunities, and encouragement
to thrive. When stakeholders work together effectively, they
foster an environment that values both performance and
holistic development, encouraging open communication and
mutual understanding. This collaborative effort enhances
individual performance while promoting a culture of respect
andinclusivity, ultimately benefiting young athletes on and oft
the field. Furthermore, long-term planning and investment
in youth programs can enhance talent identification and
provide a clear progression route from grassroots to elite
levels, ensuring that no promising athlete is overlooked due
to systemic gaps (Mola & Shaw, 2024a).

While the contributions of coaches, parents, and
stakeholders are undeniably significant, challenges such
as differing expectations, pressures, and potential conflicts
must also be acknowledged. Open communication, regular
feedback, and shared goals are essential in addressing these
challenges, ensuring that youth football remains a positive
and nurturing experience. By maintaining a harmonious
balance among these influences, young athletes can excel
both personally and athletically, fostering a sustainable and
enriching sporting culture for future generations. Moreover,
continuous education and training for all stakeholders,
including workshops and mentorship programs, can
bridge gaps in understanding and create a more cohesive
developmental system. A commitment to ongoing evaluation
and improvement will help refine youth football programs,
ensuring that they continue to evolve in ways that prioritize
both competitive success and holistic athlete development.

Material and Methods

Study Design and Participants

The research was developed and adapted from prior
foundational studies. The perspective of coaches was
examined through a standardized questionnaire based on the
seminal work of Coté & Gilbert (2009), which investigated
how coaching methodologies influence athlete development.
Their research emphasized the essential role of coaches in
guiding the technical, tactical, and psychological growth of
young athletes through structured training and mentorship
frameworks. Similarly, the viewpoint of parents was explored
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using a standardized questionnaire inspired by Fredricks and
Eccles (2005). Their work focused on quantifying parental
engagement in youth sports, addressing key dimensions
such as support, pressure, and communication.

The perspective of stakeholders was analyzed through
a standardized questionnaire grounded in the research of
Misener & Doherty (2013), who assessed the contributions
and challenges faced by stakeholders in community
sports development. Sotiriadou et al. (2013) extended this
exploration by examining stakeholder roles in shaping
sports policy and development, using surveys to gather
data on talent identification, resource distribution, and
infrastructure enhancement.The study sample consisted
of 59 male players from Gimbi, Administrative Town,
who were regularly committed and actively participated
in training. They represented multiple developmental
stages: U16-U17 (competitive youth football, focusing
on physical growth and advanced tactical introduction),
U18-U19 (final youth stage, preparing for professional or
elite-level competition), and U20-U21 (early senior-level
football, often involving reserve teams or U21 national
squads). A purposive sampling method was utilized to select
participants relevant to the research objectives. Quantitative
data analysis was performed using SPSS version 26. The
study prioritized the rights of participants by ensuring they
were consistently informed throughout the research process.
Confidentiality and anonymity were strictly upheld, and
participants retained the right to withdraw at any stage. The
research aimed to explore the role of coaches, parents, and
stakeholders in shaping the future of youth football, with a
particular focus on gaining football-related insights while
adhering to ethical research standards.

Procedure

The study was conducted with 59 participants,
incorporating the translation of the questionnaire into Afan
Oromo to enhance clarity and accessibility. The refinement
process ensured high reliability, yielding Cronbach’s alpha
values of a = 0.796 for coaches,a = 0.817for parents,a =
0.752 for stakeholders, and,foryouth football development
a = 0.730) A preliminary investigation was undertaken
to evaluate the clarity, appropriateness, and length of the
questionnaire. Ambiguous terms were meticulously reviewed
and revised to improve accuracy and comprehension.

A purposive sampling method was utilized to strategi-
cally select a sample of 59 participants, representing the club
population based on their respective roles. Ethical consider-
ations were central to the study, ensuring informed consent,
confidentiality, and the overall well-being of participants.
The research adhered to principles of transparent commu-
nication, cultural sensitivity, and full disclosure of potential
conflicts of interest, reinforcing its ethical foundation.

This research procedure aimed to provide valuable
insights into the influence of coaches, parents, and
stakeholders in shaping the future of Data collected from 59
male youth football players aged U16-U17, U18-U19, and
U20-U21 in Gimbi Administrative Town. By maintaining
methodological rigor and adhering to ethical standards, the
study aimed to generate meaningful and reliable findings
that could contribute to the development and enhancement
of youth football programs (Taye et al., 2024).

Data Collection Procedure

Thedatacollectionprocessfollowedastructuredapproach
to ensure accuracy, reliability, and ethical compliance.
Participants were first briefed on the study’s objectives,
their rights, and the voluntary nature of their participation.
Informed consent was obtained before administering the
questionnaire.The study utilized a structured 60-item
questionnaire designed to assess key variables, including
the role of coaches, parents, and stakeholders in youth
football development. The questionnaire was formatted in
a tabular style, incorporating a Likert scale ranging from 1
to 5 to facilitate standardized responses. Data were collected
from 59 male youth football players aged Ul6-Ul7,
U18-U19, and U20-U21 in Gimbi Administrative Town.
Researchers distributed the questionnaire during designated
team meetings and ensured that participants completed it
independently to minimize bias. To maintain consistency
and clarity, a researcher was present to provide explanations
if needed.After collection, the data was carefully reviewed
for completeness before being entered into SPSS version 26
for quantitative analysis. Statistical methods were applied
to identify patterns, correlations, and trends relevant to the
study objectives. Throughout the process, strict measures
were implemented to protect participant confidentiality and
ensure compliance with ethical research standards.

Reliability and Validity of Instruments

As an initial evaluation, the reliability and validity of
the questionnaire items were assessed using Cronbach’s
alpha to ensure the instrument’s consistency. The Computed
Cronbach’s alpha (a) value was coaches prospectives a =
0.796, parental prospectives a = 0.817, and stakeholder
prospectivesa = 0.752,anddevelopment of youth footballa
= 0.730 indicating a high level of internal reliability.
Additionally, the instrument underwent a thorough
validation process, during which subject matter experts
and language specialists rigorously reviewed the questions
to determine their effectiveness in measuring the intended
research variables.To further refine the instrument, a
preliminary study was conducted with a small group of
athletes who shared similar characteristics with the primary
participants. This pilot study followed established research
design principles, as outlined by (Mola & Shaw, 2024c). It
aimed to evaluate the effectiveness of the data collection
methods, ensure participant comprehension of the survey
content, and improve the overall accuracy and clarity of
the questionnaire. Through these reliability and validity
measures, the study ensured the collection of precise and
meaningful data aligned with the research objectives.

Table 1. Reliability statistics cronbach’s alpha result

Cronbach® No
Alpha Items

a=0.796 16
a=0.817 15
a=0.752 24
a=0.730 5
a=0.793 60

Variable

Coaches prospectives

Parental prospectives

Stakeholder prospectives

Development and Success of Youth Football
Overall Reliability
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Statistical Analysis

The study employed SPSS version 26 to analyze athletes’
perspectives and characteristics using comprehensive statisti-
cal methods. A five-point scale was utilized, with descrip-
tive statistics frequency, percentages, meaning, and standard
deviation summarizing participants’ views across various
dimensions. Also, Pearson correlation coefficients, one-way
ANOVA, and multiple regression analysis were conducted. A
significant level of 0.05 was applied to ensure statistical robust-
ness, enhancing the reliability and validity of the findings. By
integrating these analytical approaches, the study provides a
holistic evaluation of the interconnected roles of coaches, par-
ents, and stakeholders in fostering youth sports development.

Results

Table 2. Demographic characteristics

Variable Category Frequency Percent
Male 59 100
Sex
Total 59 100
under 18 37 62.7
Age 18-23 22 37.3
Total 59 100
under U17 youth football 20 33.9
Youth
" U17-18youth football 18 30.5
Competitive
U18-19youth football 21 35.6
Level
Total 59 100.0
Basic coaching certificate 5 8.5
Educational Advanced coaching certificate 13 22.0
ucationa
of Coaches Degree 34 57.6
Masters 7 11.9
Total 59 100.0

The demographic characteristics of the study sample
consisted of 59 male participants, making up 100% of the
respondents. The age distribution indicates that the majority
(62.7%) are under 18 years old, while 37.3 % fall within the
18-23 age range, suggesting that the study primarily focuses
on younger athletes in the early stages of their football careers.
Regarding competitive levels, 33.9 % of the participants com-
pete in U17 youth football, 30.5% in U17-U18, and 35.6 % in
U18-U19, showing a relatively balanced representation across
different developmental stages, with a slight concentration in
the U18-U19 category, where athletes transition to higher
competition levels. In terms of educational background, the
majority (57.6%) hold a degree, while 22.0% have an ad-
vanced coaching certificate, 8.5% possess a basic coaching
certificate, and 11.9 % have obtained a master’s degree.

Table 3. The correlation betweenthe role of coaches,
parents, and stakeholders in the development and success
of youth football

Coeflicient of correlation (r)
Variable r

Sig. (2-tailed)

Coaches’ perspective .843*%* .000
Parental perspective 695 .043
Stakeholder Prospective 677 .000

A Pearson product-moment correlation analysis was
conducted on a sample of 59 participants to examine the

relationships between Coaches’ Perspective, Parental
Perspective, Stakeholder Perspective, and the Development
and Success of Youth Football.

Theresults revealed a strong positive correlation between
Coaches’ Perspective and Development and Success of Youth
Football (r = 0.843, p < 0.01), indicating that as the role of
coaches improves, youth football development significantly
increases. Similarly, Parental Perspective showed a moderate
positive correlation with the Development and Success of
Youth Football (r = 0.695, p < 0.05), suggesting that parental
involvement contributes positively, though not as strongly
as coaching. Likewise, a moderate positive correlation
was found between Stakeholder Perspective and Youth
Football Development (r = 0.677, p < 0.01), confirming that
stakeholder engagement plays an important role in fostering
football success.

Coaches, parents, and stakeholders play pivotal roles
in shaping the development and success of youth football
by fostering positive environments and relationships
that enhance athletes’ experiences. Research indicates
that effective coaching practices, characterized by strong
interpersonal skills and a focus on youth development,
significantly contribute to positive outcomes such as
increased motivation and reduced anxiety among young
athletes. Parents also influence this dynamic by supporting
their children’s participation and aligning their values
with developmental goals, which can enhance the overall
youth sports experience. Furthermore, the collaboration
between coaches, parents, and governing bodies is essential
for coherent talent identification and development
strategies, ensuring that all stakeholders share a common
understanding of key constructs like athlete development
and specialization. Collectively, these elements underscore
the importance of intentional practices and communication
among all parties involved in youth football.

A multiple regression analysis was conducted to examine
the impact of Coaches’ Perspective, Parental Perspective,
and Stakeholder Perspective on the Development and
Success of Youth Football. The results indicate that the
overall model is statistically significant (p < 0.01), suggesting
that these independent variables collectively influence the
success of youth football. Among the predictors, Coaches’
Perspective emerged as the strongest predictor (B = 0.551,
B =0.799, t = 10.454, p < 0.001), indicating that increased
coaching involvement leads to a substantial improvement in
youth football development. For every one-unit increase in
coaching involvement, the success of youth football increases
by 0.551 units, highlighting the critical role of coaches in
fostering growth.

The Parental Perspective also showed a positive effect on
youth football development (B = 0.421, f = 0.266, t = 0.906,
p = 0.032), though its influence was weaker compared to
coaching and stakeholders. The p-value (0.032) suggests that
while parental involvement contributes to football success,
its impact is less substantial. In contrast, the Stakeholder
Perspective demonstrated a strong positive effect (B = 0.430,
B =0.514, t = 1.463, p = 0.049), making it the second most
influential factor after coaching. A one-unit increase in
stakeholder engagement results in a 0.430 unit increase in
football success, confirming that support from stakeholders
such aslocal authorities, sponsors, and football organizations
plays a crucial role.
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Table 4. Coeflicient table

Coeflicients®
Pkl Ulgzilg;l;iitzsed Sétt%‘i?;ﬁf: . Sig. 95.0% Confidence Interval for B
B Std. Error Beta Upper Bound Lower Bound
(Constant) -6.903 2.127 3.246 .002 11.165 2.641
. Coaches’ perspective .551 .034 799 10.454 .000 284 418
Parental Prospective 421 .023 .266 .906 .032 .026 .068
Stakeholder Prospective 430 .021 514 1.463 .049 .011 .072
a. Dependent Variable: Development and Success of Youth Football
Table 5. Model estimation
Model Summary
Change Statistics
Model R R Adjusted R Std. Erf’or of T
Square the Estimate 4 FChange  dfl df2  Sig. F Change
Change
1 .850? 722 .707 1.64336 722 47.724 3 55 .000
a. Predictors: (Constant), Stakeholder perspective, parental perspective, Coaches Perspective
Table 6. The impact of coaches, parents, and stakeholders on the development and success of youth football
ANOVA*
Model Sum of Squares df Mean Square F Sig.
1 Regression 386.652 3 128.884 47.724 .000°
Residual 148.534 55 2.701
Total 535.186 58
a. Dependent Variable: Development and Success of Youth Football
b. Predictors: (Constant), ), Stakeholder Prospective, parental perspective, Coaches Perspective
Table 7. Coaches, parents vs stakeholders in youth football development
ANOVA
Variable Sum of Squares df Mean Square F Sig.
Between Groups 1257.973 29 43.378 .830 .000
Coaches prospective Within Groups 1515.417 29 52.256
Total 2773.390 58
Between Groups 3367.175 29 116.109 1.801 .047
Parental perspective Within Groups 1869.333 29 64.460
Total 5236.508 58

The Model Summary indicates that the predictors
collectively explain 72.2% of the variance in youth football
development (R* = 0.722), with an adjusted R* of 0.707,
confirming a strong model fit. The standard error of the
estimate (1.64336) suggests a reasonable level of prediction
accuracy.

The ANOVA results further confirm the significance of
the model (F(3,55) = 47.724, p < 0.001), indicating that the
independent variables significantly contribute to explaining
the dependent variable. The high F-statistics (47.724) and
the very low p-value (p < 0.001) suggest that the combination
of coaches, parents, and stakeholders” perspectives plays a
crucial role in shaping youth football success. These results

highlight that coaches, stakeholders, and parents collectively
influence football development, with coaching having the
most substantial impact. The findings emphasize the need
for enhancing coaching programs, encouraging stakeholder
investment, and strengthening parental engagement to
maximize the growth and success of youth football.

An ANOVA analysis was conducted to compare
the differences in responses among Coaches, Parents,
and Stakeholders regarding their perspectives on the
Development and Success of Youth Football. The results
indicate significant differences in how these groups perceive
their roles in youth football development. From the Coaches’
Perspective, the analysis shows that the between-group
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sum of squares (1257.973) and the within-group sum of
squares (1515.417) resulted in an F-value of 0.830, which is
statistically significant (p = 0.000). This suggests that there
are substantial differences among the groups in how they
view the role of coaches in football development. For the
Parental Perspective, the between-group sum of squares
(3367.175) and the within-group sum of squares (1869.333)
resulted in an F-value of 1.801, with a p-value of 0.047. Since
p < 0.05, this indicates that parental perspectives on football
development differ significantly between groups.

Discussion

The demographic characteristics of the study sample
consisted of 59 male participants, making up 100% of the
respondents. The age distribution indicates that the majority
(62.7%) are under 18 years old, while 37.3% fall within
the 18-23 age range, suggesting that the study primarily
focuses on younger athletes in the early stages of their
football careers. Regarding competitive levels, 33.9% of the
participants compete in U17 youth football, 30.5% in U17-
U18, and 35.6% in U18-U19, showing a relatively balanced
representation across different developmental stages, with
a slight concentration in the U18-U19 category, where
athletes transition to higher competition levels. Regarding
the educational background of coaches, youth footballers
reported that the majority (57.6%) hold a degree, while
22.0% have an advanced coaching certificate, 8.5% possess a
basic coaching certificate, and 11.9% have attained a master’s
degree. This suggests that a significant portion of the
participants have a strong academic or coaching foundation,
potentially enhancing their understanding of sports science,
training methodologies, and nutrition.

A Pearson product-moment correlation analysis was
conducted on a sample of 59 participants to examine the
relationships between Coaches’ Perspective, Parental
Perspective, Stakeholder Perspective, and the Development
and Success of Youth Football. The results revealed a strong
positive correlation between Coaches’ Perspective and
Development and Success of Youth Football (r = 0.843, p <
0.01), indicating that as the role of coaches improves, youth
football development significantly increases. Similarly,
Parental Perspective showed a moderate positive correlation
with the Development and Success of Youth Football (r
= 0.695, p = 0.043), suggesting that parental involvement
contributes positively, though not as strongly as coaching.
Likewise, a moderate positive correlation was found between
Stakeholder Perspective and Youth Football Development (r
=0.677, p < 0.01), confirming that stakeholder engagement
plays an important role in fostering football success.

The analysis also revealed strong positive
interrelationships between the independent variables. There
was a strong correlation between Coaches” Perspective and
Parental Perspective (r = 0.713, p = 0.014), suggesting that
greater coaching involvement is associated with increased
parental engagement. Additionally, a strong correlation
between Coaches’ Perspective and Stakeholder Perspective (r
= 0.746, p = 0.013) indicates that enhanced coaching efforts
align with greater stakeholder participation. However, the
relationship between Parental Perspective and Stakeholder
Perspective was moderate but not statistically significant (r
= 0.687, p = 0.156), implying that parental and stakeholder

roles may operate independently rather than in direct
collaboration.

Coaches, parents, and stakeholders play pivotal roles
in shaping the development and success of youth football
by fostering positive environments and relationships that
enhanceathletes’ experiences. Researchindicatesthateffective
coaching practices, characterized by strong interpersonal
skills and a focus on youth development, significantly
contribute to positive outcomes such as increased motivation
and reduced anxiety among young athletes (Bengtsson et
al., 2023, Dandurand & Heidt, 2022). Parents also influence
this dynamic by supporting their children’s participation
and aligning their values with developmental goals, which
can enhance the overall youth sports experience (Scholle,
2023; Pankhurst et al., 2013). Furthermore, the collaboration
between coaches, parents, and governing bodies is essential
for coherent talent identification and development
strategies, ensuring that all stakeholders share a common
understanding of key constructs like athlete development
and specialization (Pankhurst et al., 2013). Collectively,
these elements underscore the importance of intentional
practices and communication among all parties involved in
youth football (Bloom et al., 2020).

A multiple regression analysis was conducted to examine
the impact of Coaches’ Perspective, Parental Perspective,
and Stakeholder Perspective on the Development and
Success of Youth Football. The results indicate that the
overall model is statistically significant (p < 0.01), suggesting
that these independent variables collectively influence the
success of youth football. Among the predictors, Coaches’
Perspective emerged as the strongest predictor (B = 0.551,
B =0.799, t = 10.454, p < 0.001), indicating that increased
coaching involvement substantially improves youth football
development. For every one-unit increase in coaching
involvement, the success of youth football increases by 0.551
units, highlighting the critical role of coaches in fostering
growth.

The Parental Perspective also positively affected youth
football development (B = 0.421, p = 0.266, t = 0.906,
p = 0.032), though its influence was weaker compared to
coaching and stakeholders. The p-value (0.032) suggests
that while parental involvement contributes to football
success, its impact is less substantial. In contrast, the
Stakeholder Perspective demonstrated a strong positive
effect (B = 0.430, p = 0.514, t = 1.463, p = 0.049), making
it the second most influential factor after coaching. A one-
unit increase in stakeholder engagement results in a 0.430
unit increase in football success, confirming that support
from stakeholders such as local authorities, sponsors,
and football organizations plays a crucial role. This aligns
with recent studies that suggest parental involvement
can enhance youth sports experiences but may also have
limitations. Bonavolonta et al. (2021) found that parental
support, such as providing emotional encouragement and
facilitating access to resources, positively influences youth
athletes’ enjoyment and commitment to sports. However,
the study also noted that excessive parental pressure or over-
involvement can lead to burnout and decreased motivation
among young athletes. The moderate influence of parental
involvement in this study suggests that while parents play a
supportive role, their impact is secondary to that of coaches
and stakeholders.
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The Stakeholder Perspective emerged as the second
most influential factor (B = 0.430, p = 0.514, p = 0.049).
This finding is supported by recent literature that highlights
the importance of external support systems in youth
sports. For instance, Brown et al. (2023) emphasized that
stakeholders such as local authorities, sponsors, and football
organizations provide essential resources, including funding,
facilities, and organizational structures, which are critical
for the sustainability and growth of youth sports programs.
Additionally, a study by Brown et al. (2023) found that
stakeholder engagement fosters community involvement
and creates a supportive ecosystem for youth development.
The significant positive effect of stakeholder engagement
in this study underscores the need for collaborative efforts
among various entities to ensure the success of youth football.

The findings of this study are well-supported by recent
literature, which highlights the critical roles of coaches,
parents, and stakeholders in youth football development.
Coaches’ Perspective stands out as the most influential factor,
emphasizing the need for skilled and dedicated coaches.
Parental involvement, while beneficial, has a more modest
impact, and stakeholder engagement plays a vital role in
providing the necessary resources and support. Together,
these perspectives create a comprehensive framework for the
success of youth football programs. Overall, these findings
suggest that coaching has the greatest impact on youth
football development, followed by stakeholder involvement,
while parental engagement plays a smaller yet significant role.
Based on these results, it is recommended that investments
in coaching programs be prioritized to enhance player
development and overall success. Additionally, fostering
greater stakeholder participation can further improve
outcomes, while strategies to enhance parental engagement
should be considered to maximize their contribution to
youth football success.

The Model Summary indicates that the predictors col-
lectively explain 72.2% of the variance in youth football de-
velopment (R* = 0.722), with an adjusted R* of 0.707, con-
firming a strong model fit. The standard error of the estimate
(1.64336) suggests a reasonable level of prediction accuracy.

The ANOVA results further confirm the significance of
the model (F (3,55) = 47.724, p < 0.001), indicating that the
independent variables significantly contribute to explaining
the dependent variable. This suggests that the combination
of coaches, parents, and stakeholders’ perspectives plays a
crucial role in shaping youth football success. These results
highlight that coaches, stakeholders, and parents collectively
influence football development, with coaching having the
most substantial impact. The findings emphasize the need
for enhancing coaching programs, encouraging stakeholder
investment, and strengthening parental engagement to
maximize the growth and success of youth football. These
findings are consistent with existing literature emphasizing
the multifaceted support system in youth sports.

Parent education programs in youth sports are essential
for enhancing parental support and involvement, which
significantly influences children’s sporting experiences.
These programs equip parents with the knowledge and
skills needed to foster a positive environment, encouraging
their children to thrive both on and off the field. Effective
communication within these programs also helps to align
expectations and promote a shared vision for the child’s

development, ultimately contributing to a more enriching
sporting experience. This collaborative approach not only
enhances the child’s performance but also strengthens the
bond between parents, coaches, and athletes, creating a
supportive community that prioritizes holistic development.
These programs facilitate healthy parental engagement by
providing strategies that alleviate stressors and promote
positive interactions between parents and coaches (Maciel
et al., 2024; Burke et al.,, 2021). This proactive involvement
ensures that parent’s feel empowered and informed, allowing
them to play an integral role in their child’s athletic journey
while fostering a culture of respect and teamwork. By
prioritizingopen communicationand mutual understanding,
these initiatives not only benefit the athletes but also cultivate
an environment where everyone involved can thrive both on
and off the field. Such an environment enhances the overall
experience of youth sports, encouraging athletes to develop
not only their physical skills but also essential life skills such
as leadership, resilience, and collaboration.

Research indicates that effective parental involvement
can lead to improved athlete development, fostering a
supportive environment that prioritizes youth well-being
and safety (Scholle, 2023; Tafuri & Priore, 2020). This
collaborative approach ensures that young athlete’s feel
valued and understood, ultimately motivating them to reach
their full potential while enjoying the benefits of physical
activity and social interaction. Creating a culture of open
communication between coaches, parents, and athletes is
crucial in reinforcing these values, as it helps to establish trust
and mutual respect among all parties involved.Furthermore,
the dynamics of parent-coach relationships are crucial, as
they can either enhance or hinder a child’s sporting journey,
emphasizing the need for collaborative efforts to optimize
these interactions (Gao et al,. 2024; Dorsch et al., 2020).
Overall, structured educational initiatives can empower
parents, ensuring they contribute positively to their children’s
sports experiences while aligning with best practices in
youth development (Bruner et al., 2021).

Strengths and Future Implications

Strengths

This study provides a well-rounded analysis by
integrating coaches, parents, and stakeholders’ perspectives,
demonstrating their collective impact on youth football
development. With strong statistical significance (R* =
0.722), the findings highlight the predictive power of these
factors in shaping football success. Positive correlations
confirm that coaching, parental support, and stakeholder
engagement are key drivers of athlete development. The
study combines both qualitative and quantitative elements,
offering valuable insights for improving youth sports
programs. The results provide a clear direction for enhancing
youth football, emphasizing better coaching programs,
increased stakeholder involvement, and effective parental
education initiatives.

Future Implications

Future research should focus on developing educational
programs to enhance parents’ role in youth football, ensuring
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their support aligns with developmental goals. Since coaching
has the strongest influence, investing in advanced training
programs could further optimize youth football outcomes.
Stakeholder involvement is also crucial, and future studies
should explore ways to improve collaboration between spon-
sors, local authorities, and sports organizations. Longitudinal
studies could assess the long-term impact of these relation-
ships; while expanding the sample to include female athletes
and diverse cultural backgrounds could offer broader insights.

Limitations

The study’s small sample of 59 male participants limits
its generalizability, especially for female athletes and other
underrepresented groups. Its cross-sectional design captures
only a moment in time, making it difficult to assess long-
term effects. The study focuses on coaches, parents, and
stakeholders but overlooks other influential factors like
teammates, community support, and athletes’ perspectives.
Additionally, reliance on self-reported data may introduce
bias, affecting accuracy. Strong correlations suggest possible
overlap in the influence of coaches, parents, and stakeholders,
requiring further research to clarify their contributions.

Conclusions

The study highlights the crucial roles of coaches, par-
ents, and stakeholders in youth football success, with coach-
ing having the most significant impact. While parental in-
volvement plays a supportive role, stakeholder engagement
emerges as the second most influential factor. Together,
these perspectives explain a substantial portion of youth
football development, emphasizing the need for collabora-
tion. Prioritizing coaching programs, increasing stakeholder
participation, and developing educational initiatives for par-
ents can enhance youth sports programs. Further research
should explore long-term effects and diverse.
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’Ecpioncbka cnopTrBHA aKafieMis
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ABTOpPCHKMIT BKTAJ: A — Am3aits gocnipkenHs; B — 36ip ganux; C - crarananis; D - migroroska pykormucy; E — 36ip komtis

Pedepar. Crarrsi: 10 c., 7 Tabn., 30 mKepert.

Icropis nurannsa. Ha po3sBUTOK AUTAYO-IOHALBKOrO GyTOOTY 3HAYHOK MIpOIO BIUIMBAE CIIBIIpAL TPeHepiB, 6aThKiB Ta
3alliKaBJIeHMX CTOPIH, AKi BillirpaloTh KJII0YOBY poJb y GOPMYyBaHHI JOCBiNy CHOPTCMEHIB Ta iXHBOI JOBrOTPUBAIOI 3aTy4eHOCTI.
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TpeHepu 3abe3medyoTb CTPYKTYpPOBaHY IiIfOTOBKY, eMOLiHY MATPUMKY Ta JOTPUMAHHS AMCLMIUIIHM, TOAL AK 6aTbKU Haja-
I0Thb HeOOXiIHi Opajiy, He YMHAYM HAMIPHOTO THUCKY. 3alikaB/ieHi 0co6M, BKIIOYHO 3 IPeACTaBHIUKAMU BIaJy Ta KepiBHUMM
opraHamu, 3a6€3MeYyI0Th Ha/Ie)KHE YIIPABIiHHA, PECYPCH Ta IVPEKTUBHI MeXaHi3MIL. [XH CIiBIpas cipusie posBUTKY HABIYOK,
IICYXOJIOTIYHOMY 3POCTAHHIO Ta CTAJIOMY YCIIXy B CIIOPTi.

Mera gocnimkenssi. Lle JOCTimKeHHs MaIo Ha MeTi BUBYUTH BIUIMB TPeHepPiB, 6aTbKiB Ta 3al[iKaBIeHNX CTOPIH HA PO3BUTOK
ANUTSY0-I0HALBKOTO PyTOOITY, MiAKPeC/TIonYY IXHIl BHECOK Ta BaXK/IMBICTh MeXaHI3MIB CIIiBIpaIli.

Marepianu ta MeTogu. Y po6OTi 3aCTOCOBAHO Ki/IBKICHMIT METOJ JHOCII/PKEHHS, 1[0 IIOJISraB y 360pi JaHUX, OTPUMAHNX
BifI '0HaKiB-yTOOMiCTIB B agMinicTparuBHoMy Micti [nm6i (Ediomnis). [/ BUSHaueHHS MOI/IAAIB TPeHepiB, 6aTbKiB Ta 3alikaB-
JIEHMX CTOPiH BUKOPUCTOBYBA/INCh CTAHAAPTU30BaHI ONMUTYBaIbHMUKY 3 KoediljienTamu HafirHocTi (o = 0,796, 0,817 Ta 0,752),
BifnoBigHO. CTaTMCTUYHMIT aHAII3 IPOBEEHO 3a JOIOMOTOK0 IIPOrpaMHOro 3abesnederns SPSS 26 i3 3aCTOCYBaHHAM OIMCOBO]
CTaTUCTUKY, KopenAnii ITlipcoHa, ofHO(MaKTOPHOTO ANCIIePCiiiHOTO aHaTi3y Ta MHOKMHHOTO PerpeciifHOro aHali3y Ha piBHi 3Ha-
gymocTi 0,05.

Pesynprarn. 3a pesynbraTaMu JOCIPKEHHA BCTAHOBJICHO, 110 HAO1/IBIINIT BIUIMB HA PO3BUTOK ANUTAYO-I0OHALLKOTO PyTOO-
Iy Ma€e TpeHepchbKa AisbHicTb (B = 0,799, p < 0,001), HacTymHNM (BaKTOPOM € 3amydeHicTb 3aljikaBnrennx cropin (B = 0,514, p =
0,049), Topi siK y4acTb 6aThKiB y IbOMY Ipolieci Bifiirpasae fonomixuy ponb (f = 0,266, p = 0,032). BusABieHO CHIbHY IO3UTUBHY
KOPEIALiI0 MK TPEHEPChKOIO JisNIbHICTIO Ta YCIiXaMI Y IUTAY0-IOHALIbKOMY (byTGoni (r=0,843, p< 0,01). 3anyyeHicTb 6aTbKiB
[OKas3asa MOMIpHY Ta CH/IbHY MO3UTUBHY Koperswiio (r = 0,695, p < 0,05), HATOMICTb MIATPMMKA 3alliKaBIEHUX CTOPIH IIPOfie-
MOHCTpYBaa HOMipHy KopenAnimo (r = 0,677, p < 0,01). Pesynbratu gucnepciifHoro aHami3y migTBepAIM CYTTEB] BifMiHHOCTI B
HOITIAAX Ha Po3BUTOK (yT6OIY 3 60KY 3allikaB/IeHUX CTOPiH, 6arbkiB i Tpenepis (F = 47,724, p < 0,001).

BucHoBku. [loCTifKeHHs MiAKPECIIOE MPOBIHY POIb TPeHepiB, 3allikaBleHNX CTOPiH Ta 6aThKiB y PO3BUTKY AUTIYO-
I0HAIbKOTO (pyTOOITY, HArOIOLIYI0YM Ha HeOOXiTHOCTI IIOKpallleHHs TPEeHePCbKOI OCBITH, iHBeCTH1IilT 3 60KY 3alikaB/IeHUX CTOPiH
Ta 36aTaHCOBAHO]I 3a/Ty4€HOCTI 6arpKiB. MillHa CIIiBIIpalist € K/IIOYOBUM YMHHUKOM CTaJIOl Ta L{I/TIiCHOI MOpjeri PO3BUTKY.

Kiro4o0Bi cmoBa: po3BUTOK ANTAYO-I0HALBKOTO (GyTOO/Y, TpEeHep, 3aTy4eHiCTh 6aTbKiB, 3allikaB/IeHi CTOPOHN.
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Abstract

Background. In recent decades, the evolution of female athletes’ physical characteristics in women’s tennis has
sparked interest, particularly regarding the influence of stature on success in Grand Slam tournaments.

Objectives. This study aimed to analyze the evolution of the height of the finalists and winners of the women’s Grand
Slam tournaments in order to evaluate whether height is a determining factor for success and whether this impact

varies according to the playing surfaces.

Materials and methods. A retrospective analysis of the heights of the finalists and winners from 2000 to 2024 in the
four major Grand Slam tournaments was conducted: Australian Open, Roland-Garros, Wimbledon and U.S. Open.
The data were compared between tournaments on fast surfaces (Australian Open and U.S. Open) and tournaments

on slower surfaces (Roland-Garros and Wimbledon).

Results. The findings revealed a significant increase in the average height of the finalists and winners in tournaments
on fast surfaces, with a clear increase in the average height starting from 2021. In tournaments on slower surfaces,
the average height showed more stable or slightly declining trends, suggesting that other physical qualities, such as
mobility and endurance, may be key to success. In particular, the average height of the Australian Open and U.S.
Open finalists indicated a continuous increase, while at Roland-Garros and Wimbledon the fluctuations were more

contained.

Conclusions. This study confirms that stature has a significant impact on success in Grand Slam tournaments,

but this effect is mediated by the playing surface. In tournaments on fast surfaces, greater stature seems to give a
competitive advantage, while on slower surfaces other physical factors can play a role. Future perspectives include
exploring other anthropometric variables and analyzing their evolution in relation to the needs of modern gaming.
Keywords: anthropometric aspects, performance, women’s tennis.

Introduction

Women’s tennis is one of the most followed and
practiced sports globally, characterized by a remarkable
variety of styles of play and athletes from different traditions
and cultures (Temesi et al., 2024). In recent decades, the
level of competition on the professional circuit has grown
exponentially, bringing to light numerous factors that
determine the success of an athlete, including physical

© Scamardella, E, Tafuri, E, Amato, G., Latino, F,, &
Tafuri, M. G., 2025.

@ PETM
LLCOVS

skills, technique, mental preparation (Scamardella et
al., 2020), adaptability to different playing surfaces and
metabolic factors (Latino et al., 2021). Among the physical
characteristics, one of the most debated is the stature (Sogiit,
2018). Height has always been considered an important
element in many sports, especially those where strength,
power and the ability to cover large areas of the field are
essential. From a biomechanical point of view, height has
advantages in terms of levers, which are directly reflected in
the power of the shots. The serve, for example, can benefit
from smoother movement and greater ball acceleration due
to the natural angle that height provides (Erlandson et al.,
2008).
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Another aspect where stature can be an advantage
concerns the coverage of the court. The height also allows
for more extension in defensive phases, improving court
coverage and making it easier to execute more powerful
return shots, particularly against opponents who use faster
or angled shots. In particular, this advantage manifests itself
in volleys and in the net game, where the stature allows
for better positioning and a greater ability to anticipate
the opponent’s trajectories. Physical endurance is another
element that can benefit from a larger stature. Taller female
athletes often have more muscle mass, which allows them to
better sustain their efforts during long matches and reduce
the risk of injury (Sanchez-Munoz et al., 2007; Scamardella
et al., 2020).

However, tall stature also comes with disadvantages that
cannot be overlooked. The first disadvantage concerns the
biomechanical challenges related to greater height. Very tall
athletes, in fact, have to deal with more complex and difficult
movements, especially when it comes to rapid changes of
direction. The length of the levers, especially the legs and
arms, makes the movements more difficult to perform as
quickly and smoothly as shorter athletes. This can negatively
affect speed and agility, two key characteristics in tennis,
where the ability to react quickly to opponents’ shots is
crucial (Pradas et al., 2021). In addition, a larger stature
means a greater load on the joints, especially on the knees
and ankles, which have to support the weight of a larger
and heavier body. Tall players may be more prone to muscle
and joint injuries, especially during explosive movements or
sudden changes of direction. These injuries can compromise
the stability and continuity of the game, negatively affecting
performance, especially in the long run (Fett et al., 2020).

Another negative aspect concerns the difficulty in
controlling the ball. Taller athletes, despite having greater
power in hitting the ball, may find it difficult to maintain
precise control, especially on shots of greater finesse such
as the drop shot or the net game. The coordination and
dexterity required to execute these precise shots can be more
difficult to achieve than shorter athletes, who generally have
greater agility and a better ability to manipulate the ball (Elce
etal., 2017).

In other words, in a highly competitive environment like
the current one, stature can give an advantage in attacking
phases, especially in powerful shots and serve. However,
in an increasingly dynamic and fast-paced game, speed of
movementand theability toadapt to different playing surfaces
are just as crucial. Tall athletes, despite having advantages in
power and court coverage, may find it difficult to adapt to the
demands of a game that requires quick changes of direction
and precision in shots. The speed of execution of shots is a
key factor for success in modern women’s tennis, and shorter
players, who can often move with greater agility and speed,
are able to counter the power of taller opponents thanks to
their ability to anticipate the game (Baiget et al., 2023).

The role of height in tennis has been extensively
explored in the context of men’s tennis, but relatively little
has been written about the specific implications for women’s
tennis. There is a lot of evidence to suggest that height can
significantly affect tennis performance with many studies
emphasizing the importance of height for serve power and
court coverage (Kovalchik, 2018). However, despite the
growing interest in the physical characteristics of female

players in women’s tennis, the existing literature has not yet
clearly outlined whether height is a determining factor for
success in women’s tennis elite, or whether other factors,
such as speed and technique, can compensate for any
physical disadvantages related to height.

Some studies have examined the correlation between
height and performance in women’s tennis, but without
reaching definitive conclusions. It has been observed that
tall stature in male tennis players has a positive impact on
serve, power, and the ability to cover the court, but the same
studies have not focused specifically on female athletes
(Luna-Villouta et al., 2021). In addition, some authors
suggest that height may affect not only serve power, but also
physical endurance, given that taller female athletes tend to
have greater muscle mass (Yasin et al., 2010).

Inwomen’stennis, playerssuchas Serena Williams, Venus
Williams and Maria Sharapova, who possess considerable
stature compared to the average of their peers, have often
been the subject of discussion regarding the advantage that
their height can confer. Some authors argue that stature is a
crucial element for the success of these players, particularly
for the power and speed of their serve (Sanchez-Pay et
al., 2021). Sogiit (2019) examines serving results and the
returns to it are better for tennis players with greater height.
Santisteban (2024) in a broader anthropometric spectrum
highlights how the speed of the stroke is greater with
reference to the height and length of the upper limbs.

However, more recent studies tend to downplay the
importance of height as a determining factor, placing an
emphasis instead on speed, coordination, and game strategy
(Parpa et al,, 2022). This evidence raises the question that
stature, while representing a physical advantage in some
aspects of the game, may not be sufficiently relevant to
determine success at the elite level, where other factors such
as technique and mental preparation may play a predominant
role.

Despite the extensive research that has examined the
correlation between height and performance in men’s
tennis, relatively few studies have focused on the specific
implications of height in women’s tennis. Most of the
available literature on the factors that influence success in
women’s tennis tends to focus on variables such as speed,
agility, and technique, rather than height. Although some
studies have analyzed height as a possible advantage in elite
female athletes, the available evidence is still limited, with
results varying depending on the methodological approach
and sample size. In addition, there is a dearth of longitudinal
research examining how stature affects performance
over the course of a career, considering the evolution of
athletes’ physical and technical abilities (Chapelle et al.,
2023). Another significant gap in the literature concerns
the absence of a comparative analysis between athletes
of different heights and their performance in different
types of playing surfaces (grass, clay, concrete). Physical
characteristics and the type of playing surface could interact
in different ways with stature, affecting performance in
complex and not yet fully understood ways. For example,
on faster surfaces such as concrete, speed may be a more
important factor than the physical power that comes from
higher altitude. The dynamism of the game and the rapid
changes of direction could in fact reduce the advantages
associated with tall stature, while on slower surfaces such as
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clay, where resistance and court coverage are crucial, stature
could be more advantageous (Olcucu, & Vatansever, 2015).
In light of the gaps in the existing literature, this study
aims to examine the extent to which height influences the
performance of elite female tennis players, as well as the
mechanisms through which it may determine success in this
sport. The analysis will focus on the distribution of heights
among Grand Slam finalists from 2000 to 2025, investigating
the potential relationship between height and the likelihood
of winning the final. Furthermore, the study will explore
the role of court surface (hard, grass, or clay) in shaping
athletes’ performance in relation to their height. Lastly, it
will examine differences in the average height of finalists
based on the specific characteristics of each tournament,
comparing, for instance, the U.S. Open with Wimbledon.

Materials and Methods

Study Design

The study followed a qualitative-descriptive design that
integrated statistical analysis with the collection of data from
official sources, in order to gain a deep understanding of the
distribution and influence of height in finalist tennis players
of Grand Slam tournaments.

Sample

The reference sample was made up of 200 athletes,
representing all the finalist tennis players of the Grand Slam
tournaments from 2000 to 2025. This sample includes both
winners and non-winners. The analysis was divided by year
and by tournament, allowing a global and annual view of
the data.

Procedure

The data was collected exclusively from official sources,
in particular from the WTA Tennis (https://www.wtatennis.
com/) website, which offers comprehensive information
on the finalists and winners of Grand Slam tournaments
from 2000 to 2025. For each tournament, the following were
considered:

o Each year’s finalists for each Grand Slam tournament.

o Eachyear’s winners for each Grand Slam tournament.

Main variables:

o Height of the athletes: Measured in centimeters for

each player.
o Torni del Grande Slam: U.S. Open, Australian Open,
Roland Garros, e Wimbledon.

« Playing surface: clay (Roland Garros), hard courts
(U.S. Open, Australian Open), grass (Wimbledon).

o Final result: Victory or defeat in the final.

Statistical Analysis

In the context of this study, several statistical tests
were used in order to analyze data on the height of finalist
tennis players in Grand Slam tournaments, with the aim
of understanding whether there are significant differences
between non-winning winners and finalists and exploring
the influence of the playing surface. Each statistical test was

chosen to answer a specific research question and to analyze
the relationships between the variables appropriately.

One of the main tests used was the t-Student test for
independent samples, which was applied to check whether
there are significant differences in height between the
winning and non-winning finalists. This statistical test is
particularly useful when you want to compare the averages
of two separate groups, in this case the tennis players who
won and those who did not win the final. The t-Student test
allows you to determine whether the differences between
the averages of the two groups are statistically significant or
whether they can be attributed to chance. In our case, this
test was applied separately for each Grand Slam tournament
and for each playing surface, in order to identify whether
stature can actually influence the odds of winning, taking
into account contextual variables related to the type of
surface (e.g., grass, clay or hard courts).

Another fundamental test used was analysis of variance
(ANOVA). This test was used to compare the averages of
tennis players’ heights between different tournaments and
playing surfaces. The ANOVA is particularly useful when
you want to compare the averages of more than two groups,
such as in the case of different Grand Slam tournaments
and different playing surfaces. This test tests whether the
differences between the averages of several groups are
statistically significant. In the context of our study, ANOVA
was applied to determine whether differences in finalist
heights varied significantly depending on the tournament
(e.g., U.S. Open vs. Wimbledon) or surface (hard, grass,
clay). In other words, the ANOVA helped explore whether
the playing surface and the type of tournament significantly
influence the physical characteristics of female athletes, such
as height.

In addition to inferential testing, descriptive statistical
models were also used to provide a general overview of the
tennis players’ height data and distributions. These models
made it possible to calculate summary statistics such as the
mean, median, standard deviation, and interquartile range
for each group of tennis players. Descriptive models are
critical to gaining an initial understanding of the data and to
observe trends, concentrations, or possible outliers (extreme
values) in athletes’ heights. These basic statistics were used
to visualize the distribution of heights and to identify any
patterns or anomalies in the collected data.

Results

The following analysis explores the relationship between
height and success in elite women’s tennis, examining the
height distribution of Grand Slam finalists and winners from
2000 to 2025, as well as the influence of court surface and the
specific characteristics of each tournament.

Australian Open Fnalists

The analysis of the heights of the finalists shows a
fluctuating trend, with phases of growth and decrease. In the
period considered, the minimum height recorded was 166
cm, while the maximum reached 186 cm. Since 2016, the
range has narrowed, with values ranging from a minimum of
173 cm to a maximum of 183 cm. Overall, the average height
of the finalists was 177 cm, but the general trend shows a
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slight decrease over time. However, starting from 2022, a
reversal of this trend has been observed: the average height
has increased, with an absolute minimum of 180 cm and a
maximum of 184 cm, signaling greater uniformity in values
and a possible evolution in the physical characteristics of the
finalist athletes (Fig. 1).
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Fig. 1. Height of Australian Open

Australian Open Winners

The data show alternating growth and decrease trends,
with an absolute minimum of 168 cm and an absolute
maximum of 189 cm. The average height of the winners,
in the period analyzed, stands at 176 cm, with a general
increasing trend. In particular, from 2023 a steady increase
in the average height is observed, suggesting an evolution in
the physical characteristics of the winners (Fig. 2).
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Fig. 2. Height of Australian Open winners

U.S. Open Finalists

The graph (Fig. 3) shows alternating decreasing and
ascending strokes. In particular, the height of the finalists
fluctuates between an absolute minimum of 169 cm and a
maximum of 188 cm. However, since 2021, this range has
narrowed, with a minimum of 177 ¢cm and a maximum of
183 cm. The average height of the finalists in the period
considered is 176 cm, with a general decreasing trend.
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Fig. 3. Height of U.S. Open finalist

U.S. Open. Winners

The graph (Fig. 4) shows height values ranging from an
absolute minimum of 167 cm to a maximum of 189 cm, with
curves that alternate ascending, decreasing and stationary
strokes. However, since 2019, this range has narrowed,
with a minimum of 170 cm and a maximum of 184 cm.
The average height of the winners in the period analyzed is
176 cm, with a trend that follows the linear average almost
perfectly. From 2021 to 2024, the graph indicates a clear
increase in the average height of the winners.
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Fig. 4. Height of U.S. Open winners
Roland Garros Finalist

The graph (Fig. 5) shows an alternating trend, with both
increasing and decreasing traits. Height values vary from
an absolute minimum of 169 ¢cm to a maximum of 183 cm.
In the period considered, the average height of the finalists
stands at 175 cm, with a slight tendency to decline.
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Fig. 5. Height of Roland Garros finalist

Roland Garros Winners

The graph (Fig. 6) of the winners of Roland Garros
shows an alternating trend, with stationary, increasing
and decreasing traits. The values range from an absolute
minimum of 166 cm to an absolute maximum of 188 cm.
As 0f 2021, the maximum value is reduced to 176 cm, which
corresponds to the absolute minimum. The average height
of the winners is around 175 cm, with a clear upward trend.
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Fig. 6. Height of Roland Garros winners
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Wimbledon Finalist

The graph (Fig. 7) shows an alternating trend, with
phases of growth and decrease, as well as two-year periods
of stability. In the period analyzed, the absolute minimum
height recorded is 169 cm, while the absolute maximum
reaches 187 cm. The average height of the finalists stands
at 177 cm, but the general trend shows a clear decline. In
addition, a significant reduction in both the maximum and
minimum values (from 172 cm to 169 cm) is observed.
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Fig. 7. Height of Wimbledon finalist

Wimbledon Winners

The trend of the graph (Fig. 8) clearly shows phases of
growth and decrease, with some two-year periods of stability.
In particular, the absolute maximum value recorded is 188
cm, while the absolute minimum is 166 cm. The average
height of the winners of the tournament stands at 178 cm,
while the trend line shows a clear decline over time.
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Fig. 8. Height of Wimbledon winners

Grand Slam Winners

The graph (Fig. 9) shows both increasing and decreasing
variations over the period considered. In particular, the
absolute maximum value reaches 184 cm, while the absolute
minimum stands at 171 cm. The average height of Grand
Slam winners in the analyzed time interval is 176 cm. The
trend line is almost stable, overlapping the average value just
mentioned.
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Fig. 9. Height of Grand Slam winners

T-TEST

The statistical analysis highlighted significant differences
between the average height of the groups considered and the
reference mean of 180 cm. The key findings are as follows:

The negative t-values indicate that the average heights of
the analyzed groups are generally lower than the reference
mean.

The Cohen’s d suggests that the effect size is moderate
(between -0.4 and -0.6) for some groups and strong (up to
-1.0) for others.

Notably, the finalists and winners of Roland Garros
show the largest effect size (d = -1.0), suggesting that this
tournament tends to have shorter athletes compared to the
other Grand Slams.

The Wimbledon winners present the smallest difference
from the reference mean (d = -0.4), indicating that this
tournament features slightly taller players than the others.

Table 1. The statistical analysis differences between the
average height of the groups considered and the reference
mean of 180 cm

Group Meazlal;lsight t-value Cohen’s d
Australian Open Finalists 177 -4.24 -0.6
Australian Open Winners 176 -5.66 -0.8
U.S. Open Finalists 176 -5.66 -0.8
U.S. Open Winners 176 -5.66 -0.8
Roland Garros Finalists 175 -7.07 -1.0
Roland Garros Winners 175 -7.07 -1.0
Wimbledon Finalists 177 -4.24 -0.6
Wimbledon Winners 178 -2.83 -0.4
Grand Slam Winners 176 -5.66 -0.8

These results suggest that height may play a significant
role in competition, with some differences between
tournaments, likely related to the characteristics of the
playing surfaces.

ANOVA

To determine whether differences in the heights of
finalists varied significantly depending on the tournament
or playing surface, an analysis of variance (ANOVA) was
conducted. This statistical test allows for the evaluation of
significant differences among multiple groups by comparing
variability between groups to variability within groups.
Below are the ANOVA results for the comparison between
different tournaments and playing surfaces.

The analysis of variance (ANOVA) confirmed that there
are significant differences in the average heights of finalists
depending on the tournament played and the playing surface.

When comparing the different Grand Slam tournaments
(Australian Open, U.S. Open, Roland Garros, and
Wimbledon), the F-value = 14.18 with p < 0.00005 indicates
that the observed variations in height are not random but
reflect a significant trend. This suggests that each tournament
may favor athletes with different physical characteristics,
likely in relation to playing conditions and the most effective
strategies for competing at that level.
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Similarly, the playing surface also proved to be a
determining factor. ANOVA returned an F-value = 16.26
with p < 0.00005, confirming that the average heights of
finalists vary significantlyamong hard courts, clay courts, and
grass courts. This result suggests that the physical attributes
required to excel on each surface differ and that height may
represent an advantage or disadvantage depending on the
context.

In summary, these results support the hypothesis that
height is a relevant parameter in elite women’s tennis, but
its impact varies according to playing conditions. While
tournaments like the Australian Open seem to favor taller
athletes, in other contexts, such as Roland Garros, players
with different physical characteristics may emerge, likely to
better adapt to the specific demands of the surface.

Discussion

The aim of this study was to analyze the evolution of
the average height of Grand Slam finalists and winners over
time, with the aim of determining whether height is a key
factor for success in elite women’s tennis and whether its
impact varies according to the playing surface.

Starting from the analysis of the Australian Open finalists
and winners, the data show a clear trend of the average
height of the finalists increasing, which has gone from 175
cm to 179.5 cm. This suggests that, in a context characterized
by a fast surface, height can be a decisive element to compete
at the highest level. This hypothesis is further supported
by the observation that, starting from 2022, the average
height of the finalists has reached higher values both in the
absolute minimum (180 ¢cm) and in the absolute maximum
(184 c¢m), reducing the range of variation and confirming a
constant growth trend. The same trend can be seen among
the winners of the tournament, with an increase in average
height, suggesting that the selection of taller athletes may
represent a competitive advantage on this surface. These data
are consistent with the initial hypotheses of the study.

On the other hand, the analysis of the finalists and
winners of the U.S. Open reveals an opposite trend. The
average height of the finalists has progressively decreased,
from 177 c¢cm in 2000 to 175 cm in 2024. However, from
2021 onwards, the range of variation between the minimum
and maximum values has reduced, suggesting that in recent
years a balance has been achieved between height and other
physical qualities decisive for the game. This trend is only
partially consistent with the initial assumptions. As for the
winners, after a phase of fluctuating values until 2008, a
stabilization is observed for almost a decade, coinciding with
the dominance of one of the Williams sisters. From 2021
onwards, however, there is a new increase in the average
height of the winners, confirming the expected general trend.

In the case of Roland Garros, the average height of the
finalists shows a slight decrease, stabilizing at around 175
cm. This suggests that, on a surface such as clay, technical
skills and endurance may have a greater weight than height.
However, analyzing the winners, a different trend emerges:
the average height has increased from 173 cm to 176.5 cm,
with a stabilization starting from 2021 at a maximum value
of 176 cm. This could indicate that although height is not the
predominant factor on this surface, there is still a minimum
threshold that is considered advantageous. This is in line

with previous research showing that clay favors baseline play
and physical endurance rather than the power and speed
typical of hard surfaces (Reid et al., 2016).

The Wimbledon analysis, on the other hand, shows a
decreasing trend in the average height of the finalists, which
went from 183 cm to 177 cm in the period considered. This
result, reinforced by thereduction of minimumand maximum
absolute values, suggests that the characteristics required to
excel on grass may differ from those of other surfaces. The
same trend can be seen in the winners, with a decrease in
average height and the presence of stationary periods. This
trend, apparently at odds with initial assumptions, can be
explained by considering the specificities of the herb, which
reward speed, responsiveness and effective serve rather than
tall stature (Liu et al., 2016).

Finally, the analysis of the Grand Slam winners in the
period under consideration shows a general stability of the
average height of around 176 cm, a value that coincides
with the general trend. This suggests that while height is
not constantly increasing in elite women’s tennis, it is still
a minimum requirement to compete at the highest level.
However, starting from 2021, an increase in average height
is observed, a figure that is at least partly consistent with the
initial hypotheses of the study.

According to the authors of the study, the evolution of
the average height of Grand Slam finalists and winners is
the result of a natural selection process linked to the specific
technical needs of each playing surface. The growth in
stature in Australian Open and U.S. Open winners confirms
the hypothesis that greater height can promote a more
aggressive game, in line with previous studies highlighting
the importance of height in serve and groundstrokes on
hard surfaces (Giles & Reid, 2020). The stabilization of
heights at Roland Garros suggests that other skills, such as
mobility and endurance, may be more decisive for success
on clay (Sogiit, 2018). For Wimbledon, the downward trend
may indicate that quickness and the ability to adapt to an
uneven surface are more important than stature (Vaverka
& Cernosek, 2013). Overall, these results confirm what
has emerged from the existing literature, in fact although
height is a competitive advantage in tennis, its impact varies
depending on the playing conditions and the strategies
adopted by the athletes. Analyzing the data from the study
allows significant conclusions to be drawn about the role of
height in elite women’s tennis, but it is important to consider
both the strengths and limitations of the research.

This study has several strengths that strengthen its
validity and scientific relevance. First, the analysis was
conducted over a wide period of time, allowing us to identify
evolutionary trends in the stature of the finalists and winners
of Grand Slam tournaments. This longitudinal approach
allows for a better understanding of the influence of height
in elite women’s tennis and to assess any adaptations due to
changes in playing surfaces, playing style or athletic training
patterns. In addition, the study uses objective and measurable
data, ensuring a solid empirical basis for the conclusions
drawn. Another strength is the integration with the existing
literature, which allows the results to be contextualized and
compared with previous research on the role of height in
professional tennis.

However, the study also has some limitations. A first
aspect to consider is that the analysis focuses exclusively on
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height, without examining other anthropometric and bio-
mechanical factors that could affect performance, such as
limb length, muscle mass or body composition. In addition,
the height of female athletes has been considered as an inde-
pendent factor, while in reality success in tennis depends on
a complex set of variables, including technical, tactical, psy-
chological and athletic skills. Another limitation is individual
variability: although the finalists and winners of Grand Slam
tournaments have been analyzed, the sample may not be en-
tirely representative of the entire population of professional
tennis players. Finally, the study does not take into account
possible future evolutions in the style of play or physical
characteristics of female athletes, which could further change
the relationship between height and success in tennis.
Despite these limitations, the study makes a significant
contribution to understanding the role of height in elite
women’s tennis and paves the way for further research that
could deepen the link between physical parameters and
performance, including biomechanical and tactical aspects.

Conclusions

The study explored the evolution of the heights of Grand
Slam finalists and winners, with the aim of understanding
whether stature decisively influences success in elite
women’s tennis and how this impact can vary depending
on the playing surface. Analysis of the data showed that
height is indeed a relevant factor, but its role appears to be
differentiated according to the specific characteristics of the
tournament surfaces. The increase in average height in the
Australian Open and U.S. Open finalists and winners, on fast
surfaces, suggests that height can give advantages in terms
of power and court coverage in these contexts. Conversely,
data from Wimbledon and Roland Garros, with more stable
or declining trends, suggest that on slower surfaces, such as
grass and clay, other factors, such as mobility and endurance,
may have a greater weight.

The stability observed in the average heights of Grand
Slam tournament winners, with a slight increase since 2021,
supports the hypothesis that there is an optimal minimum
height to compete at world level, but also that the variability
of physical characteristics remains a fundamental element in
sporting success.

The practical implications of these results suggest that
female athletes could be selected not only on the basis
of their height, but also considering other physical and
technical parameters, in particular those more related to the
specificities of the surfaces on which they play. In addition,
the findings contribute to a greater understanding of how
women’s tennis is evolving, with stature trends mirroring the
game’s adaptation to modern demands.

Despite the conclusions obtained, this study also raises
questions about aspects that are still little explored. A future
perspective could be to include additional anthropometric
parameters, such as limb length or body composition, to
better understand how these factors may interact with height
to influence performance. In addition, it would be interesting
to examine the evolution of the physical characteristics
of female athletes in relation to athletic preparation and
developments in tennis-specific training techniques.

Another line of research could focus on the analysis of
the evolutionary trends in the stature of female athletes of

different nationalities, to assess whether there are significant
differences based on cultural or geographical factors. In
addition, a deeper analysis of the interactions between
physical characteristics and game tactics, such as the ability
to adapt to different surfaces or the speed of the serve, could
offer new insights for coaches and athletes in choosing
training models.

Finally, longitudinal studies that also consider the
future performance of female athletes could enrich the
understanding of the evolution of physical characteristics
over the course of a tennis player’s career, thus offering
further perspective on the impact of height and other
physical parameters on success in elite women’s tennis.
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Mera gocmimxenns. e focmifmKeHHs Mano Ha MeTi IIPOAHAIi3yBaTy €BOJIOL{I0 IOKa3HNUKIB 3pocTy (iHamiCcTOK i
HePEMOXKHNUILb XKIHOYMX TYPHIpiB Bennkoro mnemy 3afiis BUSHa4eHHs TOTO, YN € 3piCT BUpilIaabHUM (aKTOPOM YCITiXYy i
Yl BapilO€THCA 1€l BIUIMB 3a71€XKHO BiJl TUIIIB IIOKPUTTSA irpOBOTO MaliJaH4YMKa.

Marepianu ta Metopu. [IpoBeeHO peTpOCIIEKTMBHUII aHaIi3 IIOKa3HVKIB 3pocTy (iHaTICTOK Ta IepeMOKHUID 3
2000 mo 2024 pik Ha YOTMPbOX TOJIOBHUX TypHipax Bemukoro memy: Bigkpurtuit yemmionar Ascrtpartii, Poman-Tappoc,
Bim6npon i Bigkpurnit yemmionar CIITA. TIopiBHAHHS ZaHUX MPOBOAWIOCH MDX TYpHIpaMy Ha MIBUJKUX IMOKPUTTIX
(Bigxputwnit vemmioHat ABctpartii Ta Bigkputuit yemmionar CIIIA) Ta TypHipamu Ha noBinpHKX TOKpUTTsX (Poman-Tappoc
Ta BiM6n1moH).

PesynbraTi. Pe3ynpraTyt JOCIiKeHH BCTAHOBIUIN 3HAYHe HiBUIIEHHS TOKa3HUKIB CepeHbOro 3pocTy (iHamicTOK
Ta HePEeMOXXKHUI[b TYPHIpiB Ha MIBUAKNUX HOKPUTTSX, IPUYOMY YiTKe 30i/IbIIEHHA IIbOTO IOKa3HVKA CIIOCTepiraeTbcA 3
2021 poxky. Y TypHipax Ha IIOBUIbHUX IIOKPUTTSX HMOKA3HMK CEPEIHBOTO 3pOCTY MaB CTabimbHimI TeHAeHLii abo fero
3HIDKYBAaBCs, 11O CBIAYMTD IIPO KIIOUOBY POIb y JOCATHEHHI YCINNIIHMX pe3ynbTaTiB iHmmMX (PisMYHUX SKOCTEN, TAKUX
SIK PYXIUBICTb i BUTpMBAMCTh. 30KpeMa, TIOKa3HMK CepPefHbOro 3pocTy ¢iHamicTok Bigkpuroro yemmionaty ABcrparii
ta Bigkpuroro yemmionary CIIIA meMOHCTpyBaB IOCTifiHe 3pOCTaHHSA, TOAL AK Ha TypHipax Poman-Tappoc ta Bimbnponi
KOJIMBAHHA NTOKA3HMKIB BUABUINCA CTPUMAaHIIINMIU.

Bucnosku. IIpoBenene fOCHifP)KeHHA MiITBEPIKYE, 1O 3PiCT Mae CYTTEBMII BIUIMB Ha JOCATHEHHA YCIIIIHMUX
pe3ynbTariB y TypHipax Benmukoro miemy, OffHaK i€l BIUIMB OITOCEPENKOBYEThCA TUIIOM IIOKPUTTSA irpOBOTO MalilaH4YMKa.
VY TypHipax Ha MIBUJKKUX IOKPUTTAX BUIMI 3PiCT, IMOBipHO, Ha/Ja€ KOHKYPEHTHY IlepeBary, B TOJ Yac K Ha ITOBiIbHUX
MOKPUTTSIX CBOIO PO/Ib MOXKYTb BifjirpaBary iHuti ¢isnuni pakropu. [loganbiui mepcrieKTUBY BKIIOYAIOTh BUBYEHHS iHIINX
AQHTPOIOMETPUYHMX 3MIHHMX Ta aHaIi3 IXHbOI eBOJIIOLIT BiAIIOBIZHO /1O TOTPeb Cy4acHOI IpH.

Knro4yoBi cmoBa: aHTponIoOMeTpMYHI aCIIEKTH, Pe3y/IbTaTUBHICTD, XKiHOYMII TeHic.

Information about the authors:

Scamardella, Fabio: fabio.scamardella@uniparthenope.it; https://orcid.org/0000-0001-7970-2539; University of Napoli
Parthenope, Via Ammiraglio Ferdinando Acton, 38, 80133 Napoli NA, Italy.

Tafuri, Francesco: francesco.tafuri@unicusano.it; https://orcid.org/0000-0003-4059-3122; Niccold Cusano University, Via Don
Carlo Gnocchi, 3, 00166 Roma RM, Italy.

Amato, Giulia: giulia.amato@uniparthenope.it; https://orcid.org/0009-0004-4383-175X; University of Napoli Parthenope, Via
Ammiraglio Ferdinando Acton, 38, 80133 Napoli NA, Italy.

Latino, Francesca: francesca.latino@unipegaso.it; https://orcid.org/0000-0003-0302-6145; Pegaso University, Centro Direzionale
Isola F2, 80143 Napoli NA, Italy.

Tafuri, Maria Giovanna: mariagiovannatafuri@unipegaso.it; https://orcid.org/0009-0008-5835-1846; Pegaso University, Centro
Direzionale Isola F2, 80143 Napoli NA, Italy.

Cite this article as: Scamardella, E, Tafuri, E, Amato, G., Latino, E, & Tafuri, M. G. (2025). Anthropometric Aspects and Athletic
Performance in Women’s Tennis. Physical Education Theory and Methodology, 25(3), 566-574.
https://doi.org/10.17309/tmfv.2025.3.12

Received: 03.04.2025. Accepted: 28.04.2025. Published: 30.05.2025

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

574



Physical Education Theory and Methodology
Teopia Ta MeToAanKa $pi3MYHOr0 BMXOBaHHA

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

Original Scientific Article

Proactive Decision-Making of Physical Education
Teachers in Enhancing Competence through
Further Studies: A Comparative Study

1ABCDE

Jusuf Blegur

"Universitas Kristen Artha Wacana

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

Corresponding Author: Jusuf Blegur, e-mail: jusufblegur@ukaw.ac.id

Accepted for Publication: April 16, 2025
Published: May 30, 2025

DOI: 10.17309/tmfv.2025.3.13

Abstract

Objectives. This study aimed to compare physical education (PE) teachers’ proactive decision-making to improve

competence through further studies.

Materials and methods. A quantitative approach with a comparative descriptive design was used in the study.

This design was established to test whether there were significant differences in views among Public Civil Servants
(PCS), Government Employees with a Work Agreement (GEWA), and Contract Employee (CE) teachers in making
proactive decisions for further study as an effort to improve their competence. The participants were 252 PE teachers
in East Nusa Tenggara Province, Indonesia. They were divided into three groups, each consisting of 52 PCS teachers,
110 GEWA teachers, and 90 CE teachers. The research instrument (18 statement items) was developed using the
Proactive Decision-Making concept with six main indicators: systematic identification of objectives, systematic
identification of alternatives, systematic search for information, using a decision radar, taking initiative, and striving
for improvement. Testing the validity and reliability of the instrument was conducted using outer model analysis with
SmartPLS version 4.0.9.9. The hypothesis testing process involved using the Kruskal-Wallis analysis and Dunn’s post-

hoc test with the SPSS program version 29.

Results. The research instrument successfully met the validity and reliability tests, marked by loading factor

values = 0.804-0.932, Cronbach’s alpha = 0.875-0.928, composite reliability = 0.875-0.928, AVE = 0699-0811,
discriminant validity = 0.699-0.811, and HTMT = 0.836-0.900. Furthermore, the Kruskal-Wallis test found
significant differences among the three groups of teachers in PDM who were to participate in further studies.
Another fact is that post-hoc testing found significant differences only in the CE-GEWA and CE-PCS teacher groups,

while GEWA-PCS did not demonstrate such differences.

Conclusions. Among the three groups of participants, contract/honorary teachers have a more temporary
employment status and show the lowest level of proactiveness in making decisions to pursue further studies as an

effort to improve their competencies.

Keywords: competency development, further education, lifelong learner, physical education teacher competence,

proactive decision-making.

Introduction

58 years ago, Roundy (1967) reported general areas
that explain the lack of competence of physical education
teachers. Four main problems of teacher competence
were identified. First, managing classes with large student
populations. Second, assessing and reporting student
learning progress. Third, handling adaptive physical
education. Fourth, evaluating the effectiveness of learning.

© Blegur, J., 2025.
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Although it has been reported for a long time, the problems
above are still obstacles for teachers in the current century
and may continue. This fact explains that teacher competence
is a series of skill attributes that are always dynamic, so the
homework of today’s and future teachers is to be involved
in various competency development activities so that they
can guarantee and orchestrate meaningful and impactful
learning for their students.

With various technological advances and the openness of
information in the field of education and learning today, it is
still found that the competence of physical education teachers
is relatively lacking. For example, teacher competence when
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describing student orientation to problems, organizing
students to learn, guiding investigations, presenting work
results, and evaluating problem-solving (Safi’i et al., 2023).
In addition, physical education teachers also have difficulty
in dividing teaching tasks according to student abilities,
implementing strategies to optimize student practice
(Blegur et al., 2023), and difficulty using digital competence
in implementing various methodologies to develop and
support collaborative networks (Martinez-Rico et al., 2021).

The competence of physical education teachers in
planning learning is still problematic. In this context, they
cannot yet choose appropriate and clear learning objectives
and cannot identify appropriate learning procedures or
models to achieve the educational and learning objectives
set (Altaweel & AlJa’afreh, 2017). It means they do not have
a good grasp of pedagogical and professional competencies
in detail (Anwar et al., 2020). If the problems of teacher
competence are not immediately addressed, it will have an
impact on their declining performance (Halimahturrafiah
et al., 2023; Hartika et al., 2020; Siri et al., 2020) and, of
course, hamper the fulfilment of the need for quality human
resources who can play a professional role in society (Wiyono
etal., 2018).

In response to the above problems, researchers have
attempted to conduct investigations and promote various
ways toimprove teacher competence. For example, improving
the pedagogical competence of teachers based on teaching
materials (Hastuti et al., 2022) or participating in seminars
(theoretical, problematic, psychological and pedagogical),
workshops, teaching hours, pedagogical advice, festivals of
pedagogical ideas, master classes and others (Mischenko
et al., 2024), and being active in continuing professional
development (Ramanan et al., 2024). Even considering the
significance of the competence of physical education teachers
in the future, Blegur et al. (2024) applied an integrated
learning model to improve the competence of prospective
teachers, including teaching skills, analytical thinking skills,
academic integrity, and transformational leadership.

In the current study, the researcher aims to highlight
proactive decision-making (PDM) in teachers’ competency
development through further studies. Proactive decision-
making refers to individual decision-making oriented
towards a future vision so that they prepare themselves to
meet the criteria of that vision. The vision navigates them
to act more proactively (Siebert et al., 2020; Siebert & Kunz,
2016) by designing more organized and projective learning
behaviours to achieve that vision. For example, a previous
study by Azma et al. (2011) found that teachers (both male
and female) were not interested in continuing their studies,
the reason being that they had obtained better managerial
positions in schools (such as principals). However, recently,
further studies have become a necessity for teachers. Mavis
Sevim and Akin (2021) found that teachers began to realize
and decide to take further studies because they helped them
in professional development, changed their approach to
evaluating student learning activities, were more confident,
and improved their performance.

Moreover, other studies have reported that the reasons
teachers want to pursue further studies are for self-
development, academic careers, professional development,
deepening knowledge in their field of expertise, and
becoming more specialized in carrying out their profession

(Faruk Vural & Basaran, 2021), as well as helping them
improve their intrapersonal and interpersonal qualities
(Smothers et al., 2022). Another organizational benefit
is that teachers’ further studies have an impact on school
development (Postholm & Rokkones, 2015) because they are
empowered to become leaders and mentors, thus influencing
the implementation of a supportive educational climate
(Teves & Ubayubay, 2024) to create differentiated, active,
participatory, interactive, and impactful learning classes.

Behind the enthusiasm for developing the competence
of physical education teachers to pursue further studies,
they face financial challenges in funding their education.
This problem is caused by different teacher salaries among
teacher categories (Public Civil Servant, Government
Employee with a Work Agreement, and Contract Employee),
the distance of the campus that provides further education,
government and foundation regulation issues, and other
internal socio-economic conditions. Teachers have hopes
and goals to develop competence through further studies,
but they must think hard to find scholarships and ensure
that other economic needs are not disrupted. Given that
financing is a prominent aspect of the college experience and
can be a catalyst for—or a barrier to—their future academic
success (Wu & Corpus, 2023).

Therefore, this study aims to compare the PDM of
teachers (from teacher categories with different salary
backgrounds) to improve competence through further
studies.

Materials and Methods

Study Participants

Participants were 252 Physical Education teachers
in East Nusa Tenggara Province, Indonesia. Each was
distributed into three participant groups. First, the Public
Civil Servant (PCS) group consisted of 52 people (M+SD
age = 39.246.5), with details of males = 46 people (88.5%)
and females = 6 people (11.5%). Second, the Government
Employee with a Work Agreement (GEWA) group consisted
of 110 people (M£SD age = 34.5+4.6), with details of males
= 90 people (81.8%) and females = 20 people (18.2%).
Therefore, the Contract Employee (CE) group consisted of
90 people (M£SD age = 31.5+4.3), with details of males =
74 people (82.2%) and females= 16 people (17.8%). They
were determined using the convenience sampling technique
so that participants were willing to respond to the research
instrument (using Google forms) voluntarily (Mahardika et
al., 2024; Scholtz, 2021).

Study Organization

This study used a quantitative approach with a
comparative (descriptive) design, where the researcher did
not treat the three groups of participants. The researcher
chose this design to test whether there are significant
differences in views among PCS, GEWA, and CE teachers
in making competency development decisions through
further study. Further study is one way for teachers to update
their competencies and, at the same time, open access or
professional networks with their colleagues and experts. In
addition, they are also constrained by welfare issues (salary),
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so they need to make proactive decisions to follow further
study. Given that the three groups of participants have
different welfare (salaries), this design can help researchers
provide recommendations that suit the needs of teachers
so that they still have the goal of developing competency
through further study.

The research procedure began with researchers
compiling instruments (with the help of Google forms) in
a five-point Likert scale format by referring to the PDM
concept and indicators from Siebert and Kunz (2016).
The instrument was then distributed to participants from
November to February 2025. The collected data on teachers’
proactive decision-making for further studies is tabulated
and categorized into three participant groups, with any
respondents not meeting the study’s exclusive criteria being
eliminated. Next, the researcher conducted an outer model
analysis to test the validity and reliability of the instrument,
followed by a descriptive analysis to examine the mean and
standard deviation. A comparative test using the Kruskal-
Wallis method is then performed to analyze differences
among the three participant groups, concluding with a post-
hoc Dunn analysis to address the study’s hypothesis.

Instrument

The design of the proactive decision-making instrument
for the follow-up study of participants refers to the concept
and six dimensions of PDM developed by Siebert and Kunz
(2016). First, the systematic identification of goals is the basis
for systematically creating alternatives, guiding methodical
information searches, and decision planning. Second,
systematic identification of alternatives, namely identifying
alternatives, increases the likelihood that individuals
will achieve their goals by improving proactive cognitive
skills. Third, a systematic search for information, namely
relevant values, guides information collection in decision-
making. Fourth, using a decision radar, individuals can
frame their decisions strategically and proactively consider
other decisions in a future-oriented way. Fifth, proactive
individuals take the initiative in decision-making by actively
shaping their environment. Sixth, striving for improvement,
proactive individuals strive to create meaningful impact by
striving for improvement in decision-making situations. This
research instrument consists of 18 items with a composition
of three statement items representing each indicator.
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Participants responded to the instrument using a five-point
Likert scale (disagree-strongly agree).

Statistical Analysis

Testing the validity and reliability of the PDM
instrument for further study of participants using outer
model analysis assisted by Microsoft Excel and SmartPLS
version 4.0.9.9 applications. The criteria for testing the
validity and reliability of the research variable instrument are
as follows: (1) loading factor (\) >0.70 (Hair Jr et al., 2019;
Hulland, 1999; Kay Kwong, 2013), (2) discriminant validity
Heterotrait-monotrait Ratio of Correlations (HTMT) <0.90
(Henseler et al., 2016) and Average Variance Extracted
(AVE) >0.50 (Henseler et al., 2016), and (3) Cronbach alpha
and composite reliability >0.70 (Hair Jr et al., 2020; Henseler
etal., 2016).

Descriptive analysis aims to profile the decision to
continue studying from the three groups of participants.
Meanwhile, the Kruskal-Wallis test was used because the
data from the three participant groups did not meet the
normality test criteria (Kolmogorov-Smirnov). Namely,
each participant group had a significance value <0.001. The
Kruskal-Wallis test aims to find differences in participant
perceptions of their proactive decision-making to participate
in further studies. Furthermore, the Dunn post-hoc test was
conducted to see which participant groups had significant
differences among the three groups by looking at the
significance value (sig. <0.05). The entire data collection
process used the help of Google forms, Microsoft Excel, and
SPSS version 29.

Results

The results of this study are reported sequentially,
starting with testing the instrument’s validity and
reliability using outer model analysis from SmartPLS, then
descriptive analysis and non-parametric statistical testing of
Kruskal-Wallis.

Validity and Reliability of the Research Instrument

The results of the outer model analysis confirm that the
18-item PDM design successfully meets the parameters for
convergent validity, with a loading factor >0.70 (ranging
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Fig. 1. Path diagram of research instruments
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from 0.804 to 0.932) (Hair Jr et al., 2019; Hulland, 1999; Kay
Kwong, 2013) (see Figure 1). The lowest loading factor, 0.804,
was found in the item “Further studies help me consider
career development in my current decision-making.”
Meanwhile, the highest loading factor, 0.932, was observed
in the item “Further studies help me carefully identify ways
to achieve my goals”

Continuing with the reliability testing, it was found
that the PDM indicators had a Cronbach alpha value> 0.70
(0.875-0.928), a composite reliability value> 0.70 (0.875-
0.928) (Hair Jretal., 2020; Henseler et al., 2016). The AVE test
proved the discriminant validity value> 0.50 (0.699-0.811)
(Henseler et al., 2016), and the HTMT value also met the
test parameters with a value range of 0.836-0.900 (Henseler
etal., 2016) (see Table 1). Based on the results of the validity
and reliability test of the instrument, it is concluded that the
18 items developed to test the decision-making of further
studies of physical education teachers fulfil their function
and consistency as a measuring tool because they can
manifest the actual situation.

Table 1. Validity and Reliability of the Research Instrument

Cronbach Composite

Indicators alpha  reliability AVE HTMT
Objectives 0.894 0.892 0.733 0.856
Alternatives 0.904 0.902 0.767 0.876
Information 0.901 0.901 0.759 0.871
Decision radar 0.885 0.881 0.712 0.844
Initiative 0.875 0.875 0.699 0.836
Improvement 0.928 0.928 0.811 0.900
Descriptive Analysis

Table 1 shows that objective and improvement indicators
arestill the “idol” indicators, consistently receiving the highest
responses among the three participant groups. If we examine
further, the data shows that the CE teacher group gave a
lower PDM response than the other two participant groups
(PCS and GEWA). It could be concluded that CE teachers
decided to continue their studies (to develop competence)
because of regulatory demands or other external pressures
(more reactive).

Table 2. Descriptive analysis

Group participant (M + SD)

Indicators
PCS (n=52) GEWA (n=110) CE (n=90)
Objectives 4.6+0.5 4.6+0.5 45%0.5
Alternatives 4.6 +0.6 45+05 44+0.6
Information 4.5+0.6 4.5+0.5 44+0.6
Decision radar 4.5+0.6 4.5+0.5 44+0.6
Initiative 45+0.7 45+0.6 44+0.6
Improvement 46+0.6 46+05 45+0.5

Kruskal-Wallis analysis

Considering the normality test results (see the explanation
of the normality test in statistical analysis), the researcher

conducted a Kruskal-Wallis test (non-parametric). The results
prove that the asymptotic significance value for PDM is <0.001
(<0.05), so it is concluded that there is a significant difference
between the three groups of participants (see Table 3).

Table 3. Kruskal-Wallis analysis

Test statistics®®

Kruskal-Wallis H 64.587
df 2
Asymp. sig. <0.001

a. Kruskal Wallis Test
b. Grouping Variable: Group

The results of Dunn’s post-hoc test (see Table 4) prove
that two adj. sig. values are <0.05, namely in the CE and
GEWA teacher group pairs (0.000) and the CE-PCS group
pairs (0.000). Thus, there is a significant difference in PDM
when further studies are undertaken between the CE and
GEWA teacher groups and CE and PCS. It proves that only
two groups of teachers (PCS and GEWA) are proactive in
undertaking further studies as an integral part of their efforts
to maintain and improve competence.

Table 4. Post-hoc Dunn test (Pairwise comparisons of
grup)

S;:;gfelz_ Test statistic Std. error ftt:n;:lsct ig. igja
CE-GEWA 74.223 10.245 7.245  <0.001 0.000
CE-PCS 79.859 12.556 6.360  <0.001 0.000
GEWA-PCS 5.635 12.131 0.465 0.642 1.000

Each row tests the null hypothesis that the Sample 1 and Sample 2
distributions are the same.

Asymptotic significances (2-sided tests) are displayed. The
significance level is .050.

a. Significance values have been adjusted by the Bonferroni
correction for multiple tests.

Discussion

Summary of Research Hypotheses

The results of this study successfully answered the
main hypothesis that there are significant differences
in PDM attitudes among the three groups of teachers,
namely PCS teachers, GEWA teachers, and CE teachers.
Where significant differences were found between PCS-CE
and GEWA-CE teachers when compared to CE teachers,
PCS and GEWA teachers were more proactive in making
decisions about further study to improve competence and
including by formulating competency development goals to
create alternatives systematically, identifying alternatives to
improve competence, oriented towards future competence,
actively shaping their environment to improve competence,
and striving to improve their competence.

Comparison with Published Data

Teachers must have competencies in the form of
knowledge, skills, and behaviors that are internalized and
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mastered when carrying out their professional duties (Hartika
et al., 2020) because mastery of competencies is one of the
keys to the success of physical education teacher learning
(Hartono et al., 2024). Undeniably, teacher competencies
always change following the learning needs of students that
continue to develop over time. That means teachers who
are competent today do not guarantee that they will also
be competent in the future. Therefore, in teachers’ efforts
to maintain and guarantee their competencies, they must
take the initiative and also be proactive in updating a set of
skills periodically to be in line with the learning needs of
their students (Blegur et al., 2024), including implementing
differentiated learning (Blegur & Hardiansyah, 2024;
Colquitt et al., 2017; Sitovskyi et al., 2019).

Given the increasing complexity of students’ learning
needsandtheclearer pathwaysforteachercareerdevelopment,
teachers are beginning to realize and agree that further
studies help them in professional development, change their
approach to evaluating students’ learning activities, become
more confident, improve their performance (Mavis Sevim
& Akin, 2021), self-development efforts, pursue academic
careers, professional development, deepen knowledge in
their fields of expertise, and become more specialized in
carrying out their profession (Faruk Vural & Basaran, 2021).
Not only that, but further studies also help them improve
their intrapersonal and interpersonal qualities (Smothers
et al., 2022), increase their chances of getting promoted
to become school leaders and mentors for colleagues
(Campanilla, 2024; Teves & Ubayubay, 2024), and influence
teachers’ social lives (Lisansiistii et al., 2021).

Contract/honorary teachers show lower PDM for
further studies. It is because they have salary compensation
that is not equal to PCS and GEWA teachers, even though
compensation affects teacher performance (Maharani et al.,
2022). The salaries of contract/honorary teachers are still
below standard (not by the performance they produce),
resulting in reduced guarantees of their safety, health, and
welfare. This welfare problem (economic) makes them
more likely to look for side jobs to meet their family’s
needs rather than making proactive decisions to improve
their competence through further studies (Faruk Vural &
Basaran, 2021; Rosmanida et al., 2022). Therefore, if school
management wants to improve their teachers’ performance,
they can provide adequate compensation accompanied by a
clear and systematic career advancement pattern (Ismawati
etal., 2023).

Significance of research findings

While there is limited literature explaining the PDM
of physical education teachers to pursue further studies,
the results of this study provide new insights into PDM
preferences among teachers with different employment
statuses. Career development is an important part of
teaching, so teachers must continue proactively developing
their competencies (Celik, 2017). The results of this study
can be a basis for policymakers to provide wider teacher
education scholarships and design empowerment programs
for teachers in decision-making to foster high commitment
(sense of ownership) in their professional learning
(Mohammad Nezhad & Stolz, 2024). Universities also need
to increase financial assistance and educational sponsorship

to open up greater opportunities for teachers to continue
their education (Amahido, 2024).

Practical Application

The practical application of the results of this study is
to design a teacher competency development program so
that teachers with various economic problems still have a
positive attitude to improve their competence. Not only
that, providing scholarships and/or conducting training
and mentoring to teachers so that they are competitive
in selecting scholarships provided by the government,
private sector, foundations, universities and so on, both
from within and outside the country, is very necessary
and actively designing policies that support improving the
welfare of contract/honorary teachers so that they can be
more proactive in improving their competence. The goal
is for them to become individuals who are inspired by the
desire always to be proactive and take new initiatives and
are flexible in adapting dynamic teaching approaches and
adjusting their teaching actions to the characteristics and
uniqueness of their students (Francesco et al., 2019).

Future Research Prospects

The results of this study have provided a significant picture
of the differences between civil servants, government employ-
ees with a work agreement, and contract/honorary teachers
regarding PDM in further studies for improving competence.
There is still much room for further research into factors that
can improve the decision-making competence of further stud-
ies of physical education teachers in Indonesia. Further re-
search prospects should be focused on more in-depth test-
ing of other factors that can influence teacher PDM, such as
teaching experience, teacher professional education received,
teacher professional certification, and the influence of trans-
formational leadership and school culture. In addition, further
research opportunities can also examine whether there are
differences in proactive decision-making styles between teach-
ers who teach in schools with different characteristics, such as
public and private schools or schools in urban and rural areas.

Conclusions

This study successfully answered the research objectives,
where there were significant differences between the three
groups of participants in PDM to develop competencies
through further study (asymp. sig. <0.001). It means that each
group of teachers has a different tendency to make proactive
decisions about their competency development. The most
significant differences were found in the PCS and CE teacher
groups and GEWA and CE teachers. On the other hand, no
significant differences were found between PCS and GEWA
teachers. It means that of the three groups of participants,
contract/honorary teachers have a more temporary work
status, showing the lowest level of proactivity in making
decisions for further study.

PCS and GEWA teachers, as state’s apparatus employees,
have guaranteed salaries and careers and tend to be more
stable in making decisions related to self-development
through further study. They have greater access to various
training and education programs, encouraging them to
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be more proactive in planning and making decisions
to improve their competencies. On the other hand, job
uncertainty factors, a salary system that is not yet nationally
equal, and limited resources are the main obstacles
for contract/honorary teachers in planning long-term
competency development. Finally, it is important to initiate
policies supporting contract/honorary teachers to develop
their competencies, one of which is increasing access and
incentives for further study.
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MNpoaKkTnBHe yXBaNeHHA pilleHb BUKNagayiB pismyHoro
BMXOBaHHA WOAO NiABVLLIEHHA KOMNETeHTHOCTI Yepes
nopanbiue HaBYaHHA: MopiBHANbHE AOCNIfKEHHSA

FOcy¢ Breryp!ABCDE

"YuiBepcuter Kpicten Apra Bakana

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

Pedepar. Crarrs: 8 c., 4 Tabn., 1 puc., 43 mxepena.

Mera gocmifKkeHHA. MeTo0 LbOTO TOCIi/KeHHA 010 IPOBECTH MOPIBHANBHUI aHa/i3 IPOAKTUBHOTO yXBaJIeHHA PillleHb
BUK/IafjaviB ¢isnarHoro BuxosBaHH: (PB) 1070 mominimeHHst piBHA KOMIETEHTHOCT] IIUIIXOM peastialiii TofanpIioro HaB4aHHsI.

Marepianu Ta MeToau. Y DOCTiKeHH] 3aCTOCOBAHO Ki/IbKiCHMII MiAXif] i3 MOPiBHANIBHUM NeCKpPUNITUBHUM METO/IOM. 3a3Ha-
YeHUIT MeTOf, PO3pOO/IEHO ISl IIEPEeBIPKIU TOTO, UM ICHYIOTh 3HAYHI BiffMiHHOCTI B IOI/IAAX MDK BUK/IaladaMy Jiep)KaBHMX 3a-
knazis (BJ13), nepxaBHumMu cryx60BIsIMHK 3a TpyRoBoro yroxoro (JCTY) ra Buxmagayamy, siKi IparioTh 3a KoHTpaktoM (BK),
1I0/I0 YXBa/IEHHA MPOAKTVBHMUX PillleHb /71 IIOJa/IbLIIOro HaB4aHHA 3 METOIO IiIBUIEHHS IXHbOI KOMIIETEHTHOCTI. Y4YacHMKaMMu
pocmimxerHs 6y 252 Bukafgadi ¢isnaHoro BuxoBaHH: 3 mposinil Cxifgxa Hyca Tenrapa, InoHesis. Ix 6yI10 po3zineHo Ha Tpu
TPyIM, KOXKHA 3 AKUX CKIafjanaca 3 52 Buknagauis BJI3, 110 suxmagavis JCTY Ta 90 BuK/IafauiB 32 KOHTPAKTOM. IHCTpyMeHT
nocmimxenas (18 TBep}DKEHb) 6y;10 pospo6neHo 3 BUKOPUCTAaHHAM KOHIENIii MPOaKTNBHOTO yXBaJIeHHA pPillleHb 3 HIiCThbMa
OCHOBHMMM ITOKa3HMKAaMI: CCTeMAaTUIHe BU3HAYEHHA 11i/Iell, cucTeMaT/YHe BU3HAYE€HHS a/IbTePHATUB, CUCTEMATUIHNII MOLTYK
indopmanii, BUKOpUCTaHHS pafapa Jyis peanisanil pilleHb, IPosAB iHIlIaTMBM Ta IparHeHHs 0 BAOCKOHaneHH:. lepeBipka Ba-
JIJHOCTI Ta HafliIHOCTi iIHCTPYMEHTY IIPOBOAMIIACA 3a JOTIOMOTI'0I0 aHa/li3y 30BHIIHIX MOJie/iel i3 BUKOPMCTaHHAM IPOrPaMHOIO
3abesmeuenns SmartPLS Bepcii 4.0.9.9. IIporec mepeipku rinores nepepbadaB BUKopuctanHs ananisy Kpackena-Yosrica Ta
post-hoc tecty [lanHa 3a gonomororo mporpamu SPSS Bepcii 29.

PesynpraTtu. [locmigHNIbKUI iHCTPYMEHT eeKTVBHO BIJIIOBiaB KPUTEPisiM BaTiHOCTI Ta HaAIIHOCTI, IPO IO CBiff9aTh
3Ha4eHHA KoedirieHTa HaBaHTaxeHHA = 0,804-0,932, anpda Kponbaxa = 0,875-0,928, kommekcHoi HapiitHoCcTi = 0,875-0,928,
AVE = 0699-0811, muckpuMiHaHTHOI BanigHocTi = 0,699-0,811 Ta HTMT = 0,836-0,900. Kpim Toro, kputepiit Kpackena-Yonmica
BUSABJB 3HAU Y1 BifMIHHOCTI MK TpbOMa IpyliaMm BUK/IafladiB y IPOAKTUBHOMY yXBaJIeHHI pillleHb, AKi Maj OpaTy y4acThb y 110-
JaNbIINX JOCTIIKeHHAX. IHmNiT GpakT monArae B ToMy, 1m0 post-hoc TecTyBaHHA BCTaHOBW/IO CYTTEBI BiIMIHHOCTI /nIlle B TpyTIax
BUKJIaJIaviB, AKi HPaLIOI0Th 32 KOHTPAKTOM Ta Jlep)KaBHMX C/IY>KOOBIIiB 32 TPYLOBOIO YTOIOI0, @ TAKOXK BUK/Ia/IadiB 32 KOHTPAKTOM
Ta IIpalliBHUKIB Jlep>KaBHUX 3aK/afiB, Todi Ak rpyna [JCTY-BJ/I3 He mpoieMOHCTpyBaa TAKMX BifMiHHOCTeIL.

BucnoBku. Cepey; TppOX TPYI YIaCHMKIB FOCTIKEHHSI BCTAHOB/ICHO, 1[0 KOHTPAKTHMKN/TIOYECH] BUK/Iaadi MalTh Oi/b-
1100 MipOI0 TMMYaCOBMII CTaTyC 3aifHATOCTi Ta JEMOHCTPYIOTb HallHVDKYMII PiBeHb IPOAKTMBHOCTI B yXBa/IeHHi pillleHb /1A
IPOBEJIeHHS [O/Ia/IbIIOr0 HABYAHHS 3 METOI0 IIOKPAILeHHs CBOIX MPOQeCiiiHNX KOMIIETeHIIIL.

Knro4oBi cmoBa: po3BUTOK KOMIIETEHTHOCT, TIOfja/IbIlla OCBiTa, TIOINHA, KA HABYAETHCA BIPONOBK KUTTs, KOMIETeHTHICTh
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Abstract

Objectives. The study aimed to experimentally prove the efficiency of building structural formations of the training
process for qualified female volleyball players within the preparatory period of the annual training cycle on the basis
of programming.

Material and methods. Qualified female volleyball players from the first category of the student team (n = 16)
participated in the experiment, with an average age of 19.56 + 0.81 years. The research was carried out during 2023-2024
and included two stages of a sequential pedagogical experiment — ascertaining and formative. The formative experiment
provided the development and experimental substantiation of efficiency for introducing interconnected programs of
structural formations in the training process of qualified volleyball players within the preparatory period of the annual
macrocycle (programs of the period, meso- and microcycles, training sessions and their parts — training tasks). The
criteria of efficiency were the indicators of physical fitness (a standing high jump, a throw of a stuffed ball of mass 1 kg
with two hands from behind a head on a distance, a shuttle run of 30 m according to the scheme 9-3-6-3-9 m, and a

run “herringbone” of 92 m), functional fitness (fat content and muscular components in the body, relative maximum
consumption of oxygen), technical and tactical fitness (the coeflicient of efficiency of technical and tactical actions).
Results. At the formative stage of the experiment, in comparison with the ascertaining one, the volume of training loads
was reduced by 5.7 % (from 5725 to 5400 min), the load value was reduced by 4.9 % (from 41804 to 39742 points),

the intensity of loads was increased by 1.4 % (from 7.3 to 7.4 points/min); the share of general preparatory (from 44.0

to 40.3 %) and introductory (from 37.3 to 34.3 %) exercises was decreased, however, due to this the share of specially-
preparatory (from 6.8 to 8.3 %) and competitive (from 11.9 to 16.1 %) exercises was increased; the share of loads of mixed
aerobic-anaerobic (from 40.9 to 41.3 %), anaerobic alactate (from 5.0 to 9.2 %) and anaerobic glycolytic orientation (from
3.7 to 4.3 %) was increased due to the decrease of the share of aerobic orientation loads (from 50.4 to 45.3 %).
Conclusions. The findings suggest that the construction of the training process for qualified female volleyball players
within the preparatory period on the basis of programming promoted statistically reliable (p < 0.050) improvements
in the following indicators: physical fitness in the limits of 1.90-5.12 %, functional fitness in the limits of 1.43-1.65 %,
as well as technical and tactical fitness — by 4.92 %. The results obtained in this study confirm the efficiency of the
program developed for the preparatory period of qualified volleyball players and allow to recommend it for practical
application in the training process of volleyball teams.

Keywords: program, training task, microcycle, mesocycle, training means, training loads.

Introduction improving the training process (Leibo et al, 2021; Brynzak
et al, 2023; Kostiukevych et al, 2019). On the one hand, this
is due to a certain stabilization and consolidation of the
results of competitive activity, which significantly increases
competition both in the national and international arenas
©  Shchepotina, N., Kostiukevych, V., Asauliuk, I, Dmytrenko, ., (Bezmylov et al, 2022; Sobol et al, 2024; Shlonska, Borysova,
Adamchuk, V., Yakovliv, V., & Chernyshenko, T, 2025. Yakusheva, 2024). In addition, the approaches typical of past
@ PETM decades, which involved a constant increase in the volume,
f LLCOVS

Modern trends in the development of team game sports
dictate the need to find relevant approaches to building and
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magnitude and intensity of training loads, have exhausted
their efliciency, as they have reached certain maximum
indicators (Lima et al, 2024; Winther et al, 2024). Thus, a
further increase in training loads will be accompanied only
by the exhaustion of the functional reserves of the athletes’
body (Bompa, Buzzichelli, 2018; Platonov, 2018; Rebelo et
al, 2024). Given this, in today’s conditions there is an urgent
need to optimize the training process at different stages of
annual and long-term training (Adamchuk et al, 2023).

Experts consider programming to be one of the
most promising areas of optimizing the training process
at the present stage, which is considered mainly in terms
of programmed learning and training programming
(Adamchuk et al, 2022; Hidayah et al, 2024; Shynkaruk et
al, 2025). The first approach is based on a motor learning
scheme based on a step-by-step algorithm. It allows
consistently, on the basis of previously formed motor skills
and abilities, to form new ones, gradually complicating the
tasks for athletes to bring them to a new level of mastery of
technical techniques. Programmed learning is reflected in
the works on table tennis (Stasyuk et al, 2021), volleyball
(Verbitskiy, Pityn, & Karatnyk, 2023), badminton (Hidayat
et al, 2023) and other game sports.

The idea of programming different aspects of training
is widely used in sports. In particular, Ihsan et al (2025)
conducted a systematic review of studies aimed at the
developmentandimplementation of multidirectional strength
training programs in order to develop an integrated approach
to planning trainings with a focus on the development of
muscle strength. In the work of Guo et al (2023), a rowing
training program was developed and experimentally
substantiated based on modeling of load modes, depending
on the characteristics of competitive activity.

Training programs of different duration and focus are
actively implemented in the practice of training athletes in
game sports (Thsan et al, 2024). In particular, in the work of
Narayanan et al (2025) the influence of a 12-week program
of plyometric and Tabata training on the functional state of
the cardiovascular system of football players is studied. The
study by Tiirkarslan and Deliceoglu (2024) substantiates the
effectiveness of implementing a 6-week plyometric training
program for the development of agility, speed and high-speed
and power abilities in young football players. The 12-week TRX
and plyometric training program developed by Muriyedath et
al (2025) is aimed at improving the physical and functional
fitness of volleyball players. Irvan et al (2024) suggest a 12-
week combined circular Tabata program and study its impact
on the physical fitness of young squash players.

At the same time, despite the wide representation of the
problem of programming in sports in the existing scientific
heritage, we note the narrow focus of the outlined studies,
since the generalization of available literature sources showed
mainly the accentuated influence of certain means of the
outlined programs on certain aspects of the preparedness
of athletes. At the same time, an integrated approach to
programming of the training process of athletes in team
game sports requires a detailed justification (Kostiukevych
et al, 2024). Also, a number of advantages testify in favor
of the use of the programming method in the construction
of the training process, in particular, the possibility of
implementing targeted management influences and the
formation of training effects due to the clear regulation of

the load components (Adamchuk et al, 2021; Shchepotina,
Kostiukevych, Asauliuk et al, 2021).

Hypothesis of the research: It was assumed that the
construction of structural formations of the training process
of qualified female volleyball players within the preparatory
period of the annual macrocycle on the basis of programming
would contribute to the optimization of training of female
athletes by regulating the components of the load and
implementing targeted management influences.

The purpose of the research - experimentally to prove
the effectiveness of construction of structural formations
of the training process for the qualified female volleyball
players within the preparatory period of the annual cycle of
training on the basis of programming.

Material and Methods

Participants

The experiment involved qualified first category female
volleyball players of the student team of Vinnytsia Mykhailo
Kotsiubynskyi State Pedagogical University (n=16), whose
average age was (M+SD) 19.56+0.81 years. The research
was approved by the Ethics Committee of the Vinnytsia
Mykhailo Kotsiubynskyi State Pedagogical University, and
all procedures were in accordance with the Declaration
of Helsinki. Informed consent was obtained from the
participants to take part in this experiment.

Organization of the Research

The research was carried out during 2023-2024 and in-
cluded two stages of a sequential pedagogical experiment —
ascertaining and formative. During the ascertaining experi-
ment the construction of the training process of the researched
qualified female volleyball players within the preparatory pe-
riod was carried out on the basis of traditional planning. At
this stage we carried out the control of means of preparation
of female athletes (general preparatory, special preparatory,
introductory and competitive) and loads of different orienta-
tion (aerobic, mixed aerobic-anaerobic, anaerobic alactate,
anaerobic glycolytic) by means of the method of chronometry
(Kostiukevych et al, 2019; Shchepotina, Kostiukevych, Asau-
liuk et al, 2021). At the same time, the amount of training load
was determined by the Load Value Coeflicient (LVC, points)
according to the formula (Adamchuk et al, 2022, 2023; Shche-
potina, Kostiukevych, Asauliuk et al, 2021):

e=Y1xI,, (1)
where: ¢, - exercise duration (min); I, - exercise intensity
(points), depending on the heart rate (114 bpm - 1 point,
120 bpm - 2 points, 126 bpm - 3 points, 132 bpm - 4 points,
138 bpm - 5 points, 144 bpm - 6 points, 150 bpm - 7 points,
156 bpm - 8 points, 162 bpm - 10 points, 168 bpm - 12 points,
174 bpm - 14 points, 180 bpm - 17 points, 186 bpm -
21 points, 192 bpm - 25 points, 198 bpm - 33 points).

The intensity of the training load was determined by
the intensity coefficient (IC, points/min) according to the
formula (Adamchuk et al, 2021; Shchepotina, Kostiukevych,
Asauliuk et al, 2021):

=2, (2)

T
where: T is the duration of the training session (min).
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The influence of the applied training loads on the pre-
paredness of female players was investigated. In particular,
the dynamics of physical fitness indicators was studied by
the results of pedagogical testing. The tests recommended by
experts as informative were used (Kozina, Polishchuk, Pol-
ishchuk, 2023; Sieron, Stachon, Pietraszewska, 2023), includ-
ing, for the definition of the manifestation of high-speed and
power abilities — a standing high jump (cm) and a throw of a
stuffed ball of mass 1 kg with two hands from behind a head
on a distance (kg); for determination of agility in interrelation
with speed - shuttle run 30 meters according to the scheme
9-3-6-3-9 m (s); for determination of high-speed endurance
in interrelation with agility — a run “herringbone” 92 m (s).
The influence on the functional fitness of volleyball players
was investigated by the results of morphofunctional diagnos-
tics. The body composition was studied using the OMRON
BF 511 (works on the principle of bioelectrical impedance)
(Shchepotina, Kostiukevych, Drachuk et al, 2021), which
involved determining the percentage (%) of fat and muscle
components in the body of female athletes. In addition, an
indirect method based on the linear dependence on the in-
dicator of physical performance PWC170, determined by
bicycle ergometry, calculated the relative maximum oxygen
consumption (VO2max, ml/min/kg) according to the formu-
la (Kostiukevych et al, 2021; Kenney, Wilmore, Costill, 2022):

vo. L LTXPWCy 41240 3)

2 max

where: m - body weight of the volleyball player (kg).

The dynamics of technical and tactical preparedness of
volleyball players was studied by the results of pedagogical
observation of training games of female athletes with the
following determination of the efficiency coefficient of
technical and tactical actions (EC, c.u.) according to the
formula (Shchepotina, Kostiukevych, Asauliuk et al, 2021;
Kostiukevych et al, 2021):

ZTTA
ZTTA , (4)

where: Y TTA, is the sum of successfully performed technical
and tactical actions during one game; YTTA, - the total

Non-specialized |Comy rchcnslvc Specialized Tralmn Control
14 17 5
TRAINING SESSIONS GAMES

403 | 83 |355]16,1
UANT]TATIVE 2175| 450 |1905| 870
QlNl]IICATOIlS GPE| SPE | IE | CE

MEANS, min/%
OF TRAINING LOADS

VOLUME, | LVC, 1 3
STRUCTURE OF
min (h) oints t/min — TRAINING ——— | TRAINING LOADS
5400 min | 39742 | 7,4 PROGRAM
90 hours) | points | pt/min
¢ ) | p p 4 }
LOADS OF DIFFERENT
CRITERIA FOR THE EFFECTIVENESS OF ORI NT’_‘T ON, min/%
THE TRAINING PROCESS (M£SD) A_| Mi JAAAJAAG
High jump, om 13.63:3.002 24452230 495 | 230
Throw of a stuf'fcd ball, m 7.63+0.274 4531 41,3] 9.2 43
Shuttle run 30 m, s
Run ", 8
Fat component content, %
Muscle component content, %

V02, mlmin‘kg
Efficiency coefficient, c.u

CHARACTERISTICS

8.98+0.318
27.1240.451
23.72+1.432
30.09+0.724
45.53+2.304

0.63+0.028

Fig. 1. The program of the training process of qualified volleyball
players in the preparatory period: LVC - load value coefficient;
IC - intensity coeflicient; Means: GPE - general preparatory
exercises, SPE - special preparatory exercises, IE — introductory
exercises, CE - competitive exercises; Loads of different
orientation: A - aerobic orientation, Mi - mixed aerobic-
anaerobic orientation, AAA - anaerobic alactate orientation, AAG
— anaerobic glycolytic orientation; VO,max - relative maximum
oxygen consumption

number of technical and tactical actions performed during
one game.

Theformativeexperimentenvisagedthedevelopmentand
experimental substantiation of efficiency of the introduction
of interconnected programs of structural formations of the
training process of qualified volleyball players within the
preparatory period of the annual macrocycle (programs of
the period, meso- and microcycles, training sessions and
their parts - training tasks), components of a load in which
were developed with an orientation on the directed formation
of training effects (urgent, delayed and cumulative) in
female athletes. So, the program of the preparatory period of
qualified female volleyball players is presented in fig. 1 and
included four components: the characteristic and structure
of training loads, quantitative and qualitative (criteria of
efficiency) indicators of the training process.

The implementation of the offered program of
construction of the training process for the qualified
volleyball players in the preparatory period was carried out
by development and introduction of programs of smaller
structural formations - mesocycles (table 1), microcycles,
training sessions and tasks (table 2) in which the components
of loading - volume, value, intensity, ratio, etc. were clearly
regulated.

Thus, the smallest structural unit of programming of
the training process of qualified volleyball players was the
program of the training task. Accordingly, the programs of
training tasks made up the programs of training sessions.

Statistical analysis. The processing of numerical data on
indicators of physical, functional and technical and tactical
preparedness of the researched qualified female volleyball
players at the stages of the pedagogical experiment was
carried out on the basis of descriptive statistics (Byshevets
et al, 2019; Bai, Bai, 2021; Jones, 2022). The mean value (M)
and standard deviation (SD) were determined. Statistical
reliability in the difference of indicators of preparedness of
sportswomen at the stages of the pedagogical experiment was
determined by the parametric Student’s t-test. The difference
between indicators was considered reliable at p<0.050 and
p<0.010. The preliminary data were checked for compliance
with the normal distribution of results by the W-criterion of
Shapiro-Wilk.

Results

The processing of data of the ascertaining and formative
stages of the pedagogical experiment allowed to compare
parameters of training loads. First of all, we note a decrease
by 5.7 % (from 5725 to 5400 min) in the volume of training
loads in the preparatory period at the formative stage,
compared to the ascertaining stage. The load value was also
reduced by 4.9 % (from 41804 to 39742 points). However,
the intensity of loads increased by 1.4 % from 7.3 pts/min at
the ascertaining stage to 7.4 pts/min at the formative stage
(fig. 2).

We note the redistribution of training tools (fig. 3).
In particular, at the formative stage of the experiment,
compared to the ascertaining stage, the share of general
preparatory (from 44.0 to 40.3%) and introductory (from
37.3 to 34.3%) exercises was reduced, however, due to this,
the share of special preparatory (from 6.8 to 8.3%) and
competitive (from 11.9 to 16.1%) exercises was increased.
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Table 1. Program for building mesocycles of qualified female volleyball players during the preparatory period

Mesocycles Retractable Basic B Pre-competitive
developmental preparatory
1 retractable 1 hitting ordinary 1 introductory
Microcycles 2 hitting hitting 2 introductory
2 retractable ) . .
restorative restorative restorative
Volume, min (hours) 1080 min 1380 min 1440 min 1500 min
Characteristics ’ (18 hours) (23 hours ) (24 hours) (25 hours)
of training loads  Load value coefficient, points 5941 points 10802 points 11417 points 11582 points
g P P p p P
Intensity coeflicient, pts/min 5.5 pts/min 7.8 pts/min 7.9 pts/min 7.7 pts/min
Training non-specialized 6 3 3 2
Quantitative sessions, specialized 2 5 [ 4
indicators of the ~ number comprehensive 6 7 6 9
training process Games, training 1 4 4 2
number control - - 1 4
;5;2;; i tory 655 min 605 min 485 min 430 min
> [0) V) V) 0,
min (%) (60.6 %) (43.8 %) (33.7 %) (28.7 %)
o special preparatory, ) 135 min . o 110 min
Training min (%) (9.8 %) 205 min (14.2 %) (7.3 %)
means
introductory, 365 min 480 min 510 min 550 min
min (%) (33.8 %) (34.8 %) (35.4 %) (36.7 %)
competitive, 60 min 160 min 240 min 410 min
Structure of min (%) (5.6 %) (11.6 %) (16.7 %) (27.3 %)
training loads ) ) ) )
aerobic, min (%) 730 min 675 min 515 min 525 min
’ (67.6 %) (48.9 %) (35.8 %) (35.0 %)
mixed aerobic- 305 min 520 min 580 min 825 min
ﬁf{;ds of anaerobic, min (%)  (28.2 %) (37.7 %) (40.3 %) (55.0 %)
ifferent
orientation anaerobic alactate, 45 min 120 min 235 min 95 min
min (%) (4.2 %) (8.7 %) (16.3 %) (6.3 %)
anaerobic ) 65 min 110 min 55 min
glycolytic, min (%) (4.7 %) (7.6 %) (3.7 %)

Since the level of fitness of volleyball players is also
influenced by the distribution of training loads of different
orientation, we will compare their ratio at the ascertaining
and formative stages of the pedagogical experiment (fig. 4).
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Formative stage

In particular, at the formative stage of the experiment, in
comparison with the ascertaining one, we note an increase in
a share of loads of the mixed aerobic-anaerobic (from 40.9 to
41.3 %), anaerobic alactate (from 5.0 to 9.2 %) and anaerobic

742 glycolytic (from 3.7 to 4.3 %) orientation at the expense of
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Fig. 2. The total value (points) and average intensity (points/

min) of training loads of qualified female volleyball players in the
preparatory period at the ascertaining and formative stages of the
experiment: = - load value coefficient (points); +— —intensity

coeflicient (points/min)

= Ascertaining stage w Formative stage

Fig. 3. Correlation of training means of qualified female volleyball
players in the preparatory period at the ascertaining and formative
stages of the experiment, %
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Table 2. Program of training task for improvement of physical fitness of qualified female volleyball players

N

Content Title: special coordination and speed and power
training. Code: PT.19. Objective: improvement of special

coordination fitness of volleyball players in connection

with high-speed and power qualities. Venue: sports hall. g

Form of organization: team training. The program of the 8

training task is performed in the first half of the main part O

of the training session in basic mesocycles. It is advisable to

perform exercises on both sides of the site to increase motor S _ setter:

density. The character of intervals of rest is passive. c- h"
coach;

O - player;

-» — direction of movement

Components of the load
Algo-rhythm Content of the individual steps of the training task program

t I RI HR LvC
1% step Jumping from a full crouch with a stuffed ball weighing 1kg 3 min H-M  45-60s 174-186 51 points
in hands. Perform 3 series of 8-10 jumps. bpm
2 step S.P.:: a group of players in a column, one by one, in zone 6, 5 min 30 s H 30-45s  162-174 66 points
the coach with the balls in zone 3, the binder between zones bpm
2 and 3. The coach throws balls to the front line, which the
players in turn have to take in the fall and bring to the binder,
who returns the balls back to the coach. Perform 7-10 falls.
3 step Throws of stuffed balls weighing 1 kg in pairs over the net; 2 min H 30-45s  162-168 22 points
players are placed on the lines of attack. Perform 10-15 bpm
throws.
4™ step Same as step 2, only the coach throws balls to the back line, 3 min 30s H 30-45s  162-174 42 points
which the players, moving backward, should take with two bpm
hands on top in a low stance with a fall and bring to the
binder. Perform 5-7 falls.
5t step Walking. Breathing exercises. Preparation for the next task. 1 min L - 120-132 3 points
bpm

Training work parameters

o o Structure of training loads
Characteristics of training loads

Training means, min (%) Multidirectional loads, min (%)

Volume, min  LVC, points  IC, pts/min GPE SPE PE CE A Mi AAA AAG
15 min 184 points 12.3 pts/min 6 min 9 min - - Imin 11 min 3 min -
(40.0 %)  (60.0 %) (6.7%) (73.3%) (20.0 %)

Notes: t - time; I - intensity: M - maximum, H - high, L - low; RI - resting intervals; HR - heart rate; LVC - load value coefficient;

IC - intensity coeflicient; S.P. - starting position; Means: GPE - general preparatory exercises, SPE — special preparatory exercises, IE —
introductory exercises, CE — competitive exercises; Loads of different orientation: A — aerobic orientation, Mi - mixed aerobic-anaerobic
orientation, AAA - anaerobic alactate orientation, AAG - anaerobic glycolytic orientation

the decrease in a share of loads of the aerobic orientation
(from 50.4 to 45.3 %).

An important step on the way to the substantiation of
efficiency of programming of the training process for the
qualified volleyball players was the definition of dynamics
of indicators of preparedness of the researched female
athletes under the influence of the applied training loads
at the ascertaining and formative stages of the pedagogical
experiment. Since indicators of physical, functional, technical
and tactical preparedness of the qualified volleyball players
at the stages of the pedagogical experiment corresponded to
the normal distribution of results of measurements by the
W-criterion of Shapiro-Wilk (table 3), it gave us grounds
to use the parametric Student’s t-test to define statistical
reliability in the difference of results.

Comparison of indicators of physical, functional,
technical and tactical preparedness of qualified volleyball
players obtained at the beginning of the ascertaining stage
with the results obtained at the beginning of the formative
stage (table 4), showed the absence of significant differences
in the display of high-speed and power abilities by female
athletes in indicators of a standing high jump (t = 0.22;
p = 0.826) and a throw of a stuffed ball with two hands from
behind the head (t=0.35; p=0.731), in a manifestation of
agility in interrelation with speed by an index of a shuttle
run 30 m (t = 0.10; p = 0.919), in a manifestation of high-
speed endurance in interrelation with agility by an index
of a run “herringbone” 92 m (t = 0.15; p = 0.812), in a
component composition of a body weight by indexes of a fat
content (t =0.37; p=0.714) and muscular (t=1.03; p=0.312)
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Table 3. Determination of conformity to the normal distribution of indicators of physical, functional, technical and tactical
preparation of qualified female volleyball players at the ascertaining (AS, n=16) and formative (FS, n=16) stages of the

pedagogical experiment

Statistical indicators
U =
é g he beginni he end
SL. No Research indicators S In the beginning At the en o
e 8 Description
AS 0.954 0.503 0.945 0.371 normal
1 A standing high jump, cm
FS 0.959 0.580 0.962 0.620 normal
AS 0.896 0.108 0.921 0.152 normal
2 Throwing a stuffed ball with two hands from behind the head, m
FS 0917 0.136 0915 0.122 normal
AS 0911 0.109 0.922 0.163 normal
3 Shuttle run 30 m (9-3-6-3-9m), s
ES 0.920 0.114 0.930 0.214 normal
AS 0.980 0.937 0.972 0.827 normal
4 Run “herringbone” 92 m, s
ES 0.985 0.982 0.988 0.992 normal
AS 0.952 0.492 0.949 0.438 normal
5 Fat component content, %
ES 0.919 0.136 0.931 0.228 normal
AS 0.924 0.167 0.935 0.254 normal
6 Muscle component content, %
FS 0.922 0.165 0.941 0.322 normal
AS 0.990 0.996 0.971 0.823 normal
7 VO,max, ml/min/kg
FS 0.959 0.624 0.946 0.410 normal
AS 0.968 0.747 0.957 0.521 normal
8  Efficiency coefficient, conventional units
ES 0.938 0.272 0.912 0.100 normal

components, in aerobic productivity of an body by the relative
index of maximum oxygen consumption (t=0.15; p=0.885),
in quality of performance of technical and tactical actions by
the efficiency coefficient (t=0.45; p=0.656). Since the initial
results did not differ significantly, it allowed us to continue
the pedagogical experiment with obtaining objective data on
the efficiency of programming of the training process for the
qualified volleyball players.

Repeated measurements carried out at the end of the
preparatory period showed significant statistically reliable
improvements of the majority of the studied indicators
of physical, functional, technical and tactical preparation
of qualified volleyball players at the stage of the formative

60
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50 453

409 41
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different orientation, %.
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5.0 37 43

0 = T _— - . —
Loads of aerobic Loads of mixed ~ Loads of anaerobic  Loads of anaerobic
orientation orientation alactate orientation glycolytic orientation

m Ascertaining stage = Formative stage
Fig. 4. The ratio of loads of different orientation of qualified
female volleyball players in the preparatory period at the
ascertaining and formative stages of the experiment, %

experiment (table 5) when the construction of the training
process within the preparatory period was carried out on the
basis of programming. In particular, we note the improvement
of physical fitness of the researched female athletes by indicators
of a standing high jump by 5.12 % (t=2.24; p=0.033), a throw
of a stuffed ball with two hands from behind a head - by 4.17 %
(t = 2.63; p = 0.013), a run “herringbone” 92 m - by 1.90%
(t= 3.39; p = 0.034), functional preparation by indicators
of fat component content — by 1.44 % (t = 2.42; p=0.022),
muscle component content - by 1.43 % (t = 3.92; p= 0.000),
relative maximum oxygen consumption - by 3.67 % (t = 2.30;
p=0.028), technical and tactical preparation by the coefficient
efficiency - by 4.92 % (t=2.11; p = 0.043).

During the ascertaining stage of the experiment
statistically reliable positive shifts took place in the results of
throwing a stuffed ball with two hands from behind the head
on average by 3.11 % (t=2.29; p=0.029) and the muscle
component content in the body of female athletes - by
0.84 % (t=2.90; p=0.007).

The obtained results confirm the effectiveness of
building structural formations of the training process for the
qualified volleyball players within the preparatory period of
the annual training cycle on the basis of programming.

Discussion

The generalization of the results of previous studies
indicates the prospects of programming the training process
of athletes as an alternative to traditional planning, due to
the need to regulate the components of the load to optimize

588



Shchepotina, N., Kostiukevych, V., Asauliuk, I, Dmytrenko, S., Adamchuk, V., Yakovliv, V., & Chernyshenko, T. (2025). Programming
of the Training Process for Qualified Female Volleyball Players in the Preparatory Period of the Annual Training

Table 4. Indicators of physical, functional, technical and tactical preparedness of qualified female volleyball players at the
beginning of the ascertaining (AS, n=16) and formative (FS, n=16) stages of the pedagogical experiment

Statistical indicators

S1. No Research indicators AS FS . »
M SD M SD
1 A standing high jump, cm 42.50 3.347 4275 3.022 0.22 0.826
2 Throwing a stuffed ball with two hands from behind the head, m 7.40 0.306 7.44 0.364 0.35 0.731
3 Shuttle run 30 m (9-3-6-3-9 m), s 9.12 0.313 9.13 0.340 0.10 0.919
4 Run “herringbone” 92 m, s 27.39 0.489  27.37 0.461 0.15 0.812
5 Fat component content, % 24.31 1.494 24.09 1.757 0.37 0.714
6  Muscle component content, % 29.25 0.910 29.60 1.013 1.03 0.312
7 VO,max, ml/min/kg 45.16 2.375 45.27 2.148 0.15 0.885
8 Efficiency coeflicient, conventional units 0.62 0.031 0.61 0.032 0.45 0.656

Table 5. Changes in indicators of physical, functional, technical and tactical preparation of qualified female volleyball
players at the stages of the ascertaining (AS, n = 16) and formative (FS, n = 16) pedagogical experiment during the

preparatory period
Statistical indicators
Q =
< §
= ..
S1. No Research indicators S g In the beginning Attheend
S g AM t P
58 M SD M SD
AS 42,50 3.347 43.63 3.202 1.13 0.97 0.339
1 A standing high jump, cm
FS  42.75 3.022 44.94 2.489 2.19 2.24* 0.033
5 Throwing a stuffed ball with two hands from AS 7.40 0.306 7.63 0.274 0.23 2.29* 0.029
behind the head, m ES  7.44 0.364 7.75 0298 031 2.63* 0.013
,  Shuttle run 30 m AS 912 0.313 8.98 0318  -0.14 1.25 0.221
(9-3-6-3-9m), s FS 913 0.340 8.96 0301  -0.17 1.57 0.127
AS  27.39 0.489 27.12 0.451 -0.27 1.62 0.355
4 Run “herringbone” 92 m, s
ES  27.37 0.461 26.85 0.407 -0.52 3.39* 0.034
AS 2431 1.494 23.72 1.432 -0.59 1.14 0.142
5 Fat component content, %
ES  24.09 1.757 22.65 1.618 -1.44 2.42* 0.022
AS  29.25 0.910 30.09 0.724 0.84 2.90%* 0.007
6  Muscle component content, %
ES  29.60 1.013 31.03 1.043 1.43 3.92%* 0.000
AS  45.16 2.375 45.53 2.304 0.37 0.45 0.658
7 VO,max, ml/min/kg
FS  45.27 2.148 46.93 1.909 1.65 2.30* 0.028
AS 0.62 0.031 0.63 0.028 0.01 1.01 0.322
8  Efficiency coeflicient, conventional units
FS 0.61 0.032 0.64 0.039 0.03 2.11* 0.043

Notes: * — the difference in results is statistically reliable at the level of p<0.050; ** — the difference in results is statistically reliable at the

level of p<0.010

training effects and the directed formation of training effects
(Stasyuk et al, 2021; Hidayah et al, 2024; Shynkaruk et al,
2025). In contrast to previous studies (Irvan et al, 2024;
Muriyedath et al, 2025; Narayanan et al, 2025), which were
devoted to the programming of individual aspects of training
athletes in team game sports, in our work we reflected the
use of a comprehensive system-structural approach to
programming, which involves the subordination of programs
of smaller structural formations of the training process to
larger ones. This approach has been tested in the training

process of athletes in track and field all-around (Adamchuk
et al, 2022, 2023), field hockey (Kostiukevych et al, 2024),
football (Shchepotina, Kostiukevych, Asauliuk et al, 2021)
and in the context of our study has confirmed its effectiveness
in the practice of preparing qualified volleyball players.

In the course of the conducted research, the data of
the existing scientific work (Leibo et al, 2021; Lima et al,
2024; Winther et al, 2024) on the volume, value, intensity,
and ratio of loads in the training process of athletes were
supplemented and expanded. In particular, according to
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Adamchuk et al (2021), reducing the volume of training
loads and increasing their intensity made it possible to reach
the peak of sports form and to cause additional reserves in
the body of athletes. It is especially actual in the context of
implementation during the preparatory period of tasks of
providing of optimal readiness of the researched volleyball
players to loads of the long competitive period. Thus, we
consider it expedient to reduce the volume of training loads
and increase their intensity at the formative stage of the
experiment, in comparison with the ascertaining one.

The training process of qualified volleyball players in the
preparatory period at the formative stage of the experiment,
in comparison with the ascertaining one, acquired a more
pronounced specialized character, which was manifested in
a decrease in the share of non-specific (general preparatory)
means at the expense of an increase in specific, such as special
preparatory and competitive exercises. Such an approach is
more typical for the training of qualified athletes, which is
consistent with the opinion of Platonov (2018) about the
need to increase the specialization of the content of the
training process with the growth of athletes’” qualifications.
In particular, the increase of the share of special preparatory
exercises in a complex with the increase of the share ofloads of
anaerobic alactate and anaerobic glycolytic orientation at the
formative stage of the experiment promoted the significant
improvement of the display of high-speed and power abilities
and speed endurance in interrelation with agility by volleyball
players. The increase in the share of competitive exercises
contributed to the improvement of the athletes’ game practice,
which is important for the establishment of group and team
interactions (Shlonska, Borysova, & Yakusheva, 2024; Sobol
et al, 2024). This, in our opinion, also manifested itself in a
significant increase in the technical and tactical preparedness
of qualified volleyball players.

The results of the measurements confirmed the expedi-
ency of using physical preparedness tests (Kostiukevych et
al, 2019; Kozina, Polishchuk, & Polishchuk, 2023), as well as
morphofunctional indicators (Shchepotina, Kostiukevych,
Drachuketal, 2021; Bezmylov et al, 2022; Kenney, Wilmore, &
Costill, 2022) as criteria for the effectiveness of building train-
ing process of female athletes. The existing scientific heritage
(Kozina, Polishchuk, & Polishchuk, 2023; Sieron, Stachon, &
Pietraszewska, 2023; Shlonska, Borysova, & Yakusheva, 2024)
was also supplemented with data on the dynamics of indica-
tors of physical, functional, technical and tactical preparedness
of qualified volleyball players during the preparatory period.

As for the dynamics of volleyball players’ results during
the ascertaining stage of the experiment, we note that a
statistically significant improvement was found in indicators
of throwing a stuffed ball with two hands from behind the
head by 3.11 % (t=2.29; p=0.129), which characterizes the
manifestation of high-speed and power abilities, and the
content of the muscular component in the body of female
athletes on average by 0.84 % (t = 2.90; p = 0.007). This, in
our opinion, is due to the specifics of the game activity in
volleyball associated with the performance of a large number
of jumping and hitting movements, which contributes to
the development of high-speed and power abilities and
an increase in muscle mass (Shchepotina, Kostiukevych,
Drachuk et al, 2021; Shlonska, Borysova, & Yakusheva, 2024).

The absence of statistically significant improvement in
indicators of shuttle run of 30 m (t = 1.57; p = 0.127) in the

researched volleyball players during the formative stage of
the pedagogical experiment we connect with the influence
on this result of the display of high-speed abilities which
are difficult to improve in adulthood (Bompa & Buzzichelli,
2018; Platonov, 2018; Kostiukevych et al, 2021). At the same
time, we note the positive dynamics of agility in relation to
speed in the indicator of shuttle run of 30 m. As for other
results the statistically significant improvement of indicators
of physical, functional, technical and tactical preparedness of
qualified volleyball players during the formative stage of the
experiment is noted, and it allows to recommend the offered
program of the preparatory period for practical application
in the training process of female athletes.

Takingintoaccountthatthe opinionabouttheeffectiveness
ofthe use of programming in the training process of sportsmen
(Guo et al, 2023; Thsan et al, 2025) has been confirmed in our
research, we consider it expedient to continue future searches
in the direction of development of programs of competitive
and transition periods of qualified volleyball players, and also
to study the prospects of programming of stages of long-term
improvement in team game sports.

Conclusions

1. Programming of the training process at the present
stage is a more progressive form of planning, as it allows to
carry out targeted managerial influences on the formation of
training effects due to the regulation of components of the
training load.

2. The program of the training process of qualified fe-
male volleyball players in the preparatory period was de-
veloped, which included four components: characteristic of
training loads (volume 5400 min, total coefficient of load -
39742 points, average intensity coeflicient — 7.4 points/min),
structure of training loads (distribution of means: general
preparatory exercises — 40.3 %, special preparatory exer-
cises — 8.3 %, introductory exercises — 35.5 %, competitive
exercises — 16.1 %; distribution of differently directed loads:
loads of aerobic orientation — 45.3 %, mixed aerobic-anaer-
obic orientation — 41.3 %, anaerobic alactate orientation —
9.2 %, anaerobic glycolytic orientation — 4.3 %), quantitative
indicators (the number of training sessions: non-specialized
- 14, comprehensive - 28, specialized - 17; the number of
games: training - 11, control - 5), criteria of efficiency of the
training process (model indicators of physical functional,
technical and tactical preparedness).

3. The structure of the program of the preparatory period
consisted of the programs of the retractable mesocycle
(included programs of two retractable microcycles), the
basic developmental mesocycle (consisted of programs of
two hitting and one restorative microcycle), the control and
preparatory mesocycle (included programs of the ordinary,
hitting and restorative microcycles), the pre-competitive
mesocycle (consisted of programs of two introductory and
one restorative microcycle). In accordance with the system-
structural approach, the programs of microcycles made up
the programs of training sessions, the structure of which was
made up of the programs of training tasks.

4. The construction of the training process of qualified
female volleyball players within the preparatory period on
the basis of programming promoted statistically reliable
(p < 0.050) improvement of indicators of physical fitness in
the limits of 1.90-5.12 %, indicators of functional fitness in the
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limits of 1.43-1.65 %, indicator of technical and tactical fitness
- by 4.92 %. The obtained results confirm the effectiveness of
the developed program of the preparatory period of qualified
volleyball players and allow to recommend it for practical
application in the training process of volleyball teams.
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MporpamyBaHHA TpeHyBaNbHOIro npouecy KBanipikoBaHnx
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Marepian i MeToau. B excriepumenTi B3situ yuacTs KBastidikoBaHi BoneitbomicTku I pospsny crymeHTChKOI KoMaHau (n=16),
cepenHil Bik AKX ctaHoBUB 19.56+0.81 pokis. [JocnifkeHHsA mpoBoaunocs Brpofgosx 2023-2024 pp. i BK/I0YAJIO ABa €Tamu Io-
C/IiIOBHOTO IEIaTOT{HOTO eKCIIEPUMEHTY — KOHCTATyBa/ibHuMiI i popmyBanbHmit. PopMyBanbHNIT eKCIIEPUMEHT Iepefbadas po3-
POOKY it eKCIIepuMeHTaIbHe OOIPYHTYBaHH: e(peKTUBHOCTI BIIPOBA/KEHH B3a€MOIIOB I3aHIX IIPOrPaM CTPYKTYPHUX YTBOPEHb
TPeHyBaJIbHOTO IIPOLeCy KBaTi(hiKOBaHMX BOIEOO/IICTOK y MeXKax IMiATOTOBYOTO IePiofy piYHOro MaKpOLMKIIY (Iporpamu mepi-
Oy, Me30- i MIKPOLIMKJ/IB, TPEHYBa/IbHNX 3aHATH i IX YaCTUH — TPEHYBa/IbHMX 3aBJaHb). Kputepiamu edekTBHOCTI BUCTyIA/IN
HOKa3HNUKM (Pi3MYIHOI MiArOTOBIEHOCTI (CTPUOOK Y BUCOTY 3 MiCLisl, KMIOK HAOMBHOTO M s14a Macolo 1 KT JBOMa pyKaMu 3-3a FoJIo-
BII Ha [Ja/IbHICTD, YOBHUKOBMUI Oir 30 M 3a cxeMom0 9-3-6-3-9 M, 6ir «sUIMHKO0» 92 M), GYHKIIOHAIBHOI MIATOTOBIEHOCT] (BMICT
JKMPOBOTO Ta M’5130BOI0 KOMIIOHEHTIB Y Ti/li, BiTHOCHe MaKCUMa/IbHe CIOKMBAHHS KVCHIO), TEXHIKO-TaKTUYHOI Mi/ITOTOBIEHOCTI
(xoedirrieHT e eKTMBHOCTI TEXHIKO-TAKTUIHNX Jiif).

Pesynbratu. Ha popmyBanbHOMY eTami eKCIiepuMeHTY, HOPiBHAHO 3 KOHCTATYBa/lIbHMM, Ha 5.7 % (3 5725 o 5400 xB) 6yo0
3MEHIIIEHO 00CAT TPeHyBa/IbHIX HaBaHTaXeHb, Ha 4.9 % (3 41804 1o 39742 6ajiiB) 3HIDKEHO BeIMYMHY HaBaHTKeHHs, Ha 1.4 %
(37.3 o 7.4 6an/xB) MiABUILEHO IHTEHCUBHICTh HABAaHTA)KEHb; 3MEHIIIEHO YaCTKY 3ara/IbHOMIAroToBYNX (3 44.0 1o 40.3 %) i min-
BiffHUX (3 37.3 0 34.3 %) BIpaB, OfHAK, 332 PAXYHOK 1IbOro 6Y/IO 30i/bIIEHO YACTKY CIIeljia/IbHO-IATOTOBYMX (3 6.8 10 8.3 %) i
3MaranpHuX (3 11.9 5o 16.1 %) Brpas; 36i/blIeHO YaCTKy HaBaHTa)KeHb 3MilllaHOI aepo6HO-aHaepoOHOI (3 40.9 mo 41.3 %), aHae-
po6Hoi amakrarHol (3 5.0 10 9.2 %) 11 aHaepoOHOI ITiKOMITIYHOI (3 3.7 10 4.3 %) CIIPSIMOBAHOCTI 32 PaXyHOK 3MEHILIEHHS YaCTKN
HaBaHTa)XeHb aepOOHOI cipsiMOBaHOCTI (3 50.4 1o 45.3 %).

BucuHosku. [To6ynoBa TpeHyBaIbHOTO Mpoliecy KBali(ikoBaHNX BOIEIOOMICTOK y MeXXax MirOTOBYOrO Hepiofy Ha OCHOBI
HpOrpaMyBaHHs CIPKsA/IA CTATUCTUYHO JocToBipHOMY (p<0.050) IOKpalleHHI0 OKa3HUKIB (i3MYHOI MiArOTOB/IEHOCTI B MeXax
1.90-5.12 %, mokasHMKiB QyHKITIOHA/MTBHOI Mi/fTOTOB/IEHOCTi B Mexkax 1.43-1.65 %, IToKa3HMKa TeXHiKO-TaKTUYHO] Mi/IrOTOB/IEHOC-
i - Ha 4.92 %. OTpyMaHi pe3ynbrarTit MifTBEPKYIOTh eheKTUBHICTh PO3POOIEHOI IPpOorpaMu MiirOTOBYOro mepiony KBamigiko-
BaHIX BOJIEIIOO/TICTOK i JO3BOJLIIOTH PEKOMEH/YBATH il 10 IPAKTUYHOIO 3aCTOCYBAHHS B TPEHYBA/IBHOMY IIPOLieCi BO/IENOOIbHIX
KOMaH/I.

Knio4oBi cmoBa: mporpama, TpeHyBa/lbHe 3aBIaHH:A, MIKPOLMKII, Me3OIVK/, TPeHYBa/lbHi 3acobu, TpeHYBaIbHi
HaBaHTa)KEHHS.
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Abstract

Background. The selection and effectiveness of teaching styles have been the focus of previous investigations.
Therefore, further studies are needed to broaden the spectrum of teaching styles by exploring their combinations.
Objectives. This study aimed to investigate the influence of different teaching styles, specifically inclusion, guided
discovery, and combined guided discovery-practice, on football passing performance among freshmen students
enrolled in a Physical Education Teacher Education (PETE) program.

Materials and methods. The sample comprised 66 male first-year students enrolled in the Basic Football Skills course
for the 2024/2025 academic year at the Physical Education Study Program, Universitas Cenderawasih, Indonesia.
The participants were randomly assigned to one of inclusion, guided discovery, and combined guided discovery-
practice groups, with each group consisting of 22 students. After confirming the necessary assumption, one-way
ANOVA was conducted at a 0.05 confidence level, followed by a post hoc Tukey test.

Results. Each teaching style group showed an improvement in passing performance, confirming a significant
influence of teaching style implementation on football passing performance among PETE freshmen students. One-
way ANOVA revealed substantial differences among the groups (p < 0.05). After teaching style implementation,
combined-GDP had the fastest passing performance time (67 seconds), compared to guided discovery (87 seconds)
and inclusion (96 seconds). Furthermore, the results indicated that combined guided discovery-practice led to a

better passing performance.

Conclusions. The findings of this study emphasized the effectiveness of combining teaching styles to enhance
football passing performance among PETE freshmen students. Combined guided discovery-practice resulted

in a better passing performance compared to guided discovery and inclusion styles. Therefore, combining teaching
styles could help maximize the benefits and mitigate the limitations of individual teaching styles, typically leading

to improved learning outcomes.

Keywords: combined teaching styles, inclusion, guided discovery, passing performance.

Introduction

Physical education (PE) is an educational process that
uses physical activity to produce holistic individual well-
being. PE contributes to the development of students’
fundamental movement skills and physical competencies
while simultaneously supporting social skills and behavioral
growth (Bailey, 2006). Comprehensive studies have reviewed
that PE improves student’s physical activity levels and
movement skills (Dudley et al., 2011). In addition, it serves
as an effective tool for promoting lifelong physical activity,

© Hutajulu, P. T, Lubis, J., & Tirto, A., 2025.
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contributing to good health and an active lifestyle (Ahmed
& Al Salim, 2024).

In recent years, there has been growing concern about
the declining levels of physical activity among young people.
Physical activity levels in many societies are worryingly low
across both adult and youth populations (Wintle, 2022). A
study showed that managerial strategies should be applied
to increase millennial participation in physical activity and
sports (Sudharma, Asmawi, & Lubis, 2025). The key role
of PE teachers in addressing young people’s disengagement
from physical activity has also been emphasized,
consequently leading to lifelong benefits (Hein et al., 2012).
Therefore, teachers employing more effective teaching styles
can significantly improve students’ engagement in physical
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activity. The results confirmed the importance of teaching
styles in PE classes (Rivas & Espada, 2021).

Mosston’s Spectrum of teaching styles established a
framework for possible relationships between teachers and
students, emphasizing the central role of decision-making
(Goldberger, Ashworth, &Byra,2012). The spectrumincludes
eleven teaching styles, namely command, practice, reciprocal,
self-check, inclusion, guided discovery, convergent discovery,
divergent discovery, learner-designed individual program,
learner-initiated, and self-teaching (Mosston & Ashworth,
2008). These styles are categorized based on the extent the
teachers or students assume responsibility for the lesson. The
five styles are classified as reproduction, where instruction
focuses on replicating specific known skills and knowledge.
The remaining six fall under production, where students are
encouraged to discover new information, often unknown
even to the teachers. This requires cognitive engagement in
processes such as problem-solving, inventing, comparing,
contrasting, and synthesizing (Chatoupis & Vegenas, 2018).

Experts have extensively studied the influence of
teaching styles on learning outcomes, particularly in physical
education and sports science, since the development of
Mosston’s Spectrum. Studies on teaching methodologies have
been among the most analyzed topics in PE (Leo et al., 2023).
Furthermore, the reproductive styles have proven effective in
improving skill performance. An experimental study found
that reciprocal style significantly improved basketball skills,
such as jump shoot and dribbling (Alhayek, 2012). Similarly,
inclusion style has improved volleyball skills, including
finger passing, forearm passing, and underhand serving.
Maria (2014) reported that direct method presented better
results in developing movement skills among children aged
12 to 14. According to Dudley et al. (2011), command styles
effectively increased children’s physical activity levels and
improved movement skill proficiency in primary schools.
Inclusion style is specifically recommended for classes
with participants who have special needs, such as dyslexia
(Chatzipanteli, Konstantinidou, & Fotiadis, 2022).

Acting as a complement, production styles promote
the development of motor coordination in relation to
psychological factors. Morgan, Kingston, & Sproule (2005)
emphasized that guided discovery fostered cognitive and
affective responses compared to practice style. A recent
study by Monacis et al. (2023) examining the effects of
reproductive and productive teaching style interventions
found that productive teaching styles significantly impacted
self-perception and enjoyment of physical activity.

Few studies have begun to explore the combination
of teaching styles. For instance, Cuellar-Moreno (2016)
investigated the use of mixed reciprocal and guided discovery
in teaching dance to primary school students. The results
showed that the mixed style effectively improved technique
and motor skills, comparable to command styles, while being
more effective in strengthening students’ attention capacity,
satisfaction, and appropriate behavior. Similarly, Invernizzi
etal. (2019) confirmed that a combination of teaching styles
effectively improved fitness levels and motor competence,
while also fostering enjoyment, physical activity levels,
and students’ perceptions of PE lessons in primary school
children.

Based on discussions, this study aimed to compare
the effectiveness of two teaching styles, namely inclusion

and guided discovery, lying at the threshold between
reproduction and production styles, in improving motor skill
abilities. To achieve this objective, an element of repetition
was incorporated into the productive style by combining
guided discovery with practice style to improve motor skill
development more effectively.

Investigations on teaching styles in physical education
have primarily focused on participants from PE classes.
Moreover, studies involving teachers and prospective
teachers remain limited. PETE programs are responsible
for preparing future PE teachers (Davis, 2019). Recently,
the program has faced numerous challenges, including
mastering technology, foreign languages, diverse teaching
skills, and professional development (Ward & van der
Mars, 2020). Teachers also require psychological capital
and social support to create a holistic PE teaching model
(Jannah et al., 2024). Consequently, an experimental study
was conducted on PETE students, who were prospective
PE teachers. Mastery of basic sports movement skills is
essential for prospective PE teachers. Therefore, the first
year of PETE curricula generally introduced courseworks
in Exercise and Sport. The Basic Football Skill course is
one of the compulsory courses offered in the first semester
at the Physical Education Study Program, Universitas
Cenderawasih. One of its key learning outcomes is acquiring
fundamental technical skills, including passing techniques.
The objective of this study was to analyze the influence of
different teaching styles, namely inclusion, guided discovery,
and combined guided discovery-practice (combined-GDP),
on football passing performance among PETE freshmen
students at Universitas Cenderawasih, Indonesia. Based on
discussions, the following study questions were proposed:

1. Does the implementation of different teaching styles
have a significant influence on passing performance
among PETE freshmen students?

2. Which teaching style can achieve a better passing
performance among PETE freshmen students?

Materials and Methods

Study Participants

A quasi-experimental design was used in the Physical
Education Study Program at Universitas Cenderawasih,
Indonesia to achieve the objectives. A total of 66 male
freshmen enrolled in the Basic Football Skills course during
the first semester of the 2024/2025 academic year actively
participated. In this study, all participants were randomly
assigned to either inclusion, guided discovery, or combined
guided discovery-practice group, with each consisting of 22
students. All participants provided informed consent, and
the procedures received approval from the Health Research
Ethics Committee of the Health Polytechnic of Jayapura (No.
168/KEPK-J/X11/2024).

Study Organization

Football passing performance was assessed at both the
beginning and end of the experimental teaching unit using
the Loughborough Soccer Passing Test (LSPT) developed by
Ali et al. (2007). During the test, participants were required
to pass toward a target board following specific instructions
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Fig. 1. Schematic representation of the LSPT; Copyright from Ali et al. (2007)

provided by Examiner 1, who was the only one aware of
the predetermined passing sequence. Examiner 2 was
responsible for recording penalty time points accumulated
during the trials. Penalty time was assigned for the following
errors: 5 s for missing the target completely or passing to
the wrong target; 3 s for missing the color target area; 3 s for
handling the ball; 2 s for passing the ball from outside the
designated passing area; 2 s for the ball touching any cone; 1 s
for each additional second besides the allocated 43 seconds
to complete the test; and 1 s deducted from the penalty time
when the ball hit the colour target. The final test score was
calculated as the total time taken to complete the 16 passes,
including any penalty time. A schematic representation of
the LSPT is presented as follows.

A simple randomization procedure was applied to
assign three classes into inclusion, guided-discovery, and
combined guided discovery-practice (combined GDP)
groups. Teaching units are described in Table 1.

Table 1. Teaching style descriptions

Inclusion Teachers prepare a series of passing lessons,
progressing from simple to complex levels.
Students select a starting point from the
available passing lessons and continue with

the next level until all lessons are completed.

Guided Discovery Teachers set learning targets for passing
techniques and provide guidance through
problem statements. Students think
independently, make decisions, and execute

passing techniques.

Combined GDP  Teachers set learning targets for passing
techniques and provide guidance through
problem statements. Students think
independently, make decisions, and execute
passing techniques. After students develop an
understanding of passing, teachers provide
direct guidance, followed by repetitive passing

exercises to improve skills.

Statistical analysis

The hypotheses were tested using one-way ANOVA,
with a confidence level of 0.05. Before conducting variance
analysis, assumption tests, including Shapiro-Wilk
normality and Levene’s homogeneity tests, were performed.
Moreover, a Turkey post hoc test was conducted for multiple
comparisons. All statistical analyses were performed using
SPSS version 25 (SPSS Inc., Chicago, Illinois, USA).

Results

Shapiro-Wilk normality test was conducted to determine
whether the data followed a normal distribution before
performing inferential statistical analysis. The significance
value for all groups was greater than 0.05, confirming that
the data were normally distributed. Furthermore, Levene’s
test resulted in 0.688 > 0.05, confirming that the data were
homogenous. These assumption tests validated the use of the
data for hypothesis testing.

Before the study began, a preliminary LSPT was
conducted to determine whether the groups were statistically
different from one another. Since the study involved three
different groups, one-way ANOVA was performed to
assess the equivalence of students” passing skills before the
intervention. The results, presented in Table 2, showed that
the initial passing performance was similar across all groups
before teaching process began (p>.05).

Table 2. One-Way ANOVA Analysis of Pre-test Passing
Performance

swares ¥ sue B P
Between Groups  1136.455 2 567.337  2.068 0.135
Within Groups  17306.818 63 274.711
Total 18443.273 65

A dependent t-test was conducted to evaluate
changes in passing performance within each group after
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Table 3. Comparison of Pretest-Post-test Mean in Passing Performance from Different Teaching Styles

Teaching Styles Group Pre-Test Post Test  Mean Difference SD SE t p
Inclusion 111.50 96.318 15.1818 9.7083 2.069 7.335 0.000
Guided discovery 102.50 87.64 14.864 11.618 2.477 6.001 0.000
Combined GDP 102.91 67.41 35.500 14.796 3.155 11.254 0.000

the implementation of teaching styles. Based on Table 3,
the mean difference showed a decrease in LSPT total
scores, confirming an improvement in football passing
performance. The t-value and significance level confirmed a
statistically significant difference in passing skills before and
after teaching process.

Based on Table 4, another one-way ANOVA was
conducted to compare passing performance among the
groups after teaching style implementation. The results
showed that passing performance significantly differed
between the groups (p< 0.05).

Table 4. One-Way ANOVA Analysis of Post-test Passing
Performance

squares__ ¥ _square PP
Between Groups ~ 9681.848 2 4840.924 25.630 0.000
Within Groups 11899.182 63 188.876
Total 21581.030 65

A post-hoc test was conducted to further investigate the
differences between groups. This test was performed on the
total post-test scores to determine the group with significant
differences in passing performance. The results showed that
each group differed significantly from the others (p <0.05).
Therefore, a post-hoc analysis was necessary to identify
where the differences occurred. Tukey post-hoc test was
used due to the balanced data (Lee & Lee, 2018).

Table 5. Pairwise comparison of the final passing
performance in different teaching style groups

! J Dilitflleiirlllce SE p

(Teaching Styles) (Teaching Styles) (L))

Inclusion Guided discovery 8.682* 3.488 .016
Combined GDP 28.909*  3.488 .000

Guided discovery Inclusion -8.682*  3.488 .016
Combined GDP 20.227*  3.488 .000

Combined GDP  Inclusion -28.909*  3.4838 .000
Guided discovery -20.227%  3.488 .000

* p<0.05

Table 5 presents the pairwise comparisons of the final
passing performance across different teaching style groups.
The comparisons showed statistically significant differences
(p <0.05).

Discussion

This study aimed to investigate the influence of different
teaching styles, namely inclusion, guided discovery, and

combined guided discovery-practice (combined-GDP), on
football passing performance. Variance analysis of initial
passing performance confirmed that all students had similar
passing skills before teaching intervention. The pre-test
passing performance, measured using LSPT, showed mean
values of 111.50, 102.50, and 102.91 seconds for inclusion,
guided discovery, and combined-GDP groups, respectively.
Since LSPT performance was based on total test completion
time, including penalties for errors, lower scores confirmed
better performance.

Several studies have used LSPT to differentiate
performance levels among players although explicit
clustering analyses of LSPT scores are limited. For
instance, a study on adolescent football players classified
participants based on skill level, reporting elite players with
an average completion time of approximately 40 seconds,
sub-elite players at 58 seconds, and non-elite players at 67
seconds (Moal et al., 2013). Another study evaluating LSPT
performance among beginner-level adolescent football
players found that competitive players completed the test
in approximately 62 seconds, while recreational players
required around 72 seconds (McDermott, Burnett, &
Robertson, 2015). A study on male college students reported
an average LSPT completion time of 74 seconds, with times
exceeding 80 seconds under fatigue conditions (Lyons, Al-
Nakeeb, & Nevill, 2006). In the current study, pre-test LSPT
scores showed poor passing performance when compared
to both soccer players and university-level students from
previous investigations. The results showed freshmen PETE
students at Universitas Cenderawasih lacked basic football
techniques upon entering physical education program. This
corresponded to the learning outcomes of the Basic Football
Skills course, aiming to equip students with basic football
techniques, including passing skills.

Each group showed an increase in passing performance
after implementing different teaching styles, as expressed
by pretest-posttest t-values of 7.335, 6.001, and 11.254
for inclusion, guided discovery, and combined-GDP,
respectively. The results addressed study question #1,
confirming that teaching style implementation significantly
influenced passing performance among PETE freshmen
students. To address study question #2, Tukey post-hoc test
showed that the three-teaching styles resulted in different
performance outcomes. Combined-GDP showed a highly
significant difference compared to both inclusion and
guided discovery groups with a significance value equal to
0. Meanwhile, the difference between inclusion and guided
discovery was p = 0.016. Although this value still confirmed
a statistical difference, p-values between 0 and 0.05 reflected
varying degrees of significance (Lee & Lee, 2018). Therefore,
the answer to study question #2 was that combined-GDP
produced the best passing performance, followed by guided
discovery, and inclusion. Combined-GDP helped students
achieve performance levels comparable to non-elite players
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(approximately 67 seconds), while guided discovery
achieved performance similar to typical university students
(87 seconds). Despite significant improvements, students
taught using an inclusive style performed at a lower level (>
90 seconds).

The significant improvement in inclusion group can
be attributed to the physicality and cognitive involvement
of students, in line with a study conducted on university
students in the USA (Sanchez, Byra, & Wallhead, 2012).
However, observations showed students in inclusion group
tended to select easier and less challenging lesson sequences,
in line with (Chatoupis & Emmanuel, 2003). This might
explain why, despite significant post-test improvements,
inclusion group’s mean post-test score remained the lowest
compared to the other groups.

Regarding the guided discovery teaching style, previous
studies have also shown its effectiveness in improving
kinetic satisfaction and performance (Mahmoud, 2018), as
well as motor skills (Newell & Rovegno, 2021). The results
corresponded with a report that guided discovery promoted
cognitive and affective responses (Morgan, Kingston, &
Sproule, 2005). Studies comparing guided discovery to
traditional command teaching styles found that guided
discovery produced superior skill retention (Khouri et al.,
2020). Although guided discovery encouraged students to
explore and find solutions independently, this style could
present challenges for students with limited motor skills.
Accordingto Newell & Rovegno (2021), careful task design and
teachers guidance are essential for ensuring the effectiveness
of guided discovery, particularly for learners with varying skill
levels. Moreover, recent studies reported that its effectiveness
depended on learners’ initial skill levels (Moreno-Murcia, De
Paula-Borges, & Trinidad, 2024). Students with lower initial
competence may require more structured guidance to fully
benefit from guided discovery methods.

Finally, the faster passing performance time of combined-
GDP compared to inclusion and discovery learning groups
further supported the conclusion that teaching style was
the most effective for improving passing performance
among PETE freshmen students. This study emphasized
how incorporating repetition elements could address the
limitations of guided discovery, particularly for students
with poor initial skills. The optimized results showed that
by the end of the learning process, PETE freshmen students
could reach performance level of non-elite players.

Conclusions

In conclusion, this study showed the combination of
teaching styles was crucial for physical education teachers
to improve student’s learning achievements. Despite the
wide teaching spectrum, combining different teaching styles
could help balance the respective strengths and weaknesses.
The results showed that while each teaching style contributed
to improving performance, particularly in passing motor
skills, a combination of teaching styles produced even
more significant results. Combined-GDP specifically led to
better passing performance outcomes compared to guided
discovery and inclusion. Therefore, teachers should be
well-versed in various teaching styles and understand how
to effectively combine and adapt the styles to create new
methods for supporting desired learning objectives.
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Po3ymiHHA BNANBY KOMOGIHOBaHNX CTUAIB BUKNAAaHHA
Ha pe3ynbTaTUBHICTb BUKOHAHHA naciB y pyT6oni
cepep CTYAEHTIB-NepPLIOKYPCHUKIB nporpamm
niaroToBKN BunTeniB pisM4YHOro BUXOBaHHA

Apana Tya Xyramxyny >8P, Moxancis JTy6ic'*, Anpisiuro TipTo'AP

'I>KaKapTCbKWIT lep>KaBHUI YHIBEpCUTET
*YuiBepcuret CeHpiepaBaci

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

Pedepar. Crartsi: 7 ¢., 5 Tabn., 1 puc., 32 mxepena.

Icropis muraHHsA. Bubip Ta egexTuBHICTD CTNIIB BUK/IafaHHA HepebyBamu y GOKyci yBaru momepeHix gocmimkesb. Tomy
HeoOXiTHO IIPOBeCTH MOJjaIbIIT JOCTIPKEHHA I/ pPO3IINPEHHA CIeKTPY CTV/IB BUK/IaJaHHA IIIAXOM BIBYEHH IXHIX KOMOiHaIIiil.

Merta gocnimxenHs. 1le focmimKkeHHA Malo Ha MeTi BUBYMTY BIUIMB Pi3HUX CTWU/IB BUK/IaJjaHHA, 30KpeMa, iHK/II03ii, MeTo-
IVIKJ KepOBAHOTO BiJKPUTTA Ta IPAKTUKY KOMOIHOBAaHOTO KepPOBAHOTO BiJKPUTTA, Ha Pe3y/IbTaTUBHICTb BUKOHAHHA MaCiB y QyT-
0071i cepef CTYeHTIB-IIePIIOKYPCHMUKIB, SKi HABYAIOTHCS 3@ IIPOTrPaMOI0 Mi;TOTOBKYM BunTeniB (isuanoro uxosanHs (IIBOB).

Marepianu Ta MeToan. Bubipka ckmafamacs 3 66 CTyIeHTIiB-IIepIIOKYPCHIKIB YOTOBIYOI CTaTi, 3apaXOBaHMX Ha Kypc i3 3a-
cBO€HHsI 6a30BuX (PyTOOMIBHIX HABMYOK Y 2024/2025 akamgeMiuHOMY pOLli 3a HaBYa/IbHOIO IIporpamolo «Di3uuHe BIXOBaHH:» B
yHiBepcuteti Yennepapacix, IHjoHesis. YyacHUKiB 010 pO3IOJiIeHO 32 METOOM paHAoMi3allii o Ipyn iHK/M03ii, kepoBaHOTO
BIIKPUTTS Ta IPAKTUKM KOMOIHOBAaHOTO KEPOBAHOTO BIAKPUTTSI, KOKHA 3 SIKMX HajTidyBana 22 cTymeHTH. ITic/s miaTBepLKeHH s
HeoOxifHMX yMOB 0y/10 IpOBeieHO 0fHODAKTOPHMIL AUCIepCiiiHnit aHai3 3 piBHeM gocToBipHOCTI 0,05, ITiC/IA 4OTr0 3aCTOCOBAHO
post hoc Tect Thbloki.

Pesynbraru. KoxxHa rpyma, 110 HaB4yajacsa 3a IeBHMM CTUJIEM BUK/IAJAHHA, IPOJIeMOHCTPYBaja MOKpalleHHsA OKAa3HMKIB
BUKOHAHHS I1aCiB, 110 MiATBEP/KYe 3HAUYHMII BIUIVB 3aCTOCYBaHHA CTIIIIO BUK/IAJaHHA HA Pe3y/IbTaTUBHICTD Mepeay y pyToori
cepeq CTy/ieHTiB-IepiIoKypcHKiB nporpamu [IB@B. OgHodakTopHMil AUCIepCiitHIiT aHali3 BUSIBUB CYTTEBI BiAMIHHOCTI MK
rpynamu (p < 0,05). ITic/ia BIpoBaJKeHHA CTUII0 BUK/TQIaHHA BCTAaHOBJICHO, 1110 TPYIIA, B AKill 3aCTOCOBYBAIACs IPAKTIKA KOM-
6iHOBaHOTO KEPOBAHOTO BiJKPUTTs MajIa HAMIIBIU/IINIT IIOKA3HMK Yacy IO/{0 Pe3y/IbTaTMBHOCTI BUKOHAHHS I1aciB (67 CeKyHH),
HOPIBHIOKOYM 3 IPyIaMy KepOBAaHOTO BifKpuTTsA (87 cexyHp) Ta iHKM03il (96 cexyHp). Kpim Toro, pe3ynpraTu moKasaii, 10 BIPO-
Ba/PKEHHsI IIPAKTUKY KOMOIHOBAaHOrO KEPOBAHOTO BiIKPUTTs 3a06e31e4nIo MOMIIeHHs pe3yIbTaTHBHOCTI BUKOHAHHSI ITACiB.

BucHoBKku. Pe3ynbTaTit 1bOro HOCIIPKEHHA MiAKpecawIn epeKTUBHICTh NOEFHAHHS CTIIIB BUK/TAJaHHA 3 METOIO MiIBU-
I[eHHsI pe3yIbTaTUBHOCTI BUKOHAHHS Iepenad y ¢yTOori cepel CTymeHTiB-TepuIokypcHukiB mporpamu [IBOB. 3actocyBanHs
HPaKTUKY KOMOIHOBAaHOTO KePOBAHOTO BiIKpUTTS IPU3BEIIO O IOKPAIeHHs Pe3y/IbTaTUBHOCTI BUKOHAHHA 11aCiB, HOPiBHIOW0YN
31 CTU/IAAMM KEPOBAHOTO BiIKpUTTA Ta iHK/M03i1. TakuM YMHOM, IO€HAHHA CTU/IIB BUK/IaJJaHHA COpUATIME MaKcuMisalii mepe-
Bar i 3SMEHIIEHHIO 00MeXXeHb II[Of{0 BIIPOBAKEHHsI OKPEMUX CTVIIB BUK/IA[JAHHS, 1[0, SIK IIPABIJIO, IPU3BOAUTD 0 HOJIIIIeHHS
pe3ynbTaTiB HaBYaHHA.

KirouoBi croBa: koM6iHOBaHI CTIIi BUK/IATAHHS, IHK/II0314, KepOBaHe BiIKPUTTS, Pe3y/IbTaTMBHICTb BUKOHAHH ITACiB.
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Abstract

Background. The kinetic chain of the serve stroke is a coordinated activation of body segments (legs, torso,
shoulders, arms, and hands) that begins with the ground reaction force against the legs on the ground and ends with
racket acceleration through the ball. The objective of this study is to place the end segment, hand, and racket in an
optimal position at an optimal speed to "make the ball travel" as best as possible. The efficient use of the kinetic chain
segment creates a much greater racket velocity than its parts. On the contrary, a broken kinetic chain makes the ball
speed less optimal and can even lead to injury. However, the reality is that the kinetic chain movement and ball speed
rate cannot be seen simply using the observation method. Thus, a specific technology is needed to diagnose it.
Objectives. This study aimed to develop a digitalized system of software to help measure the ball speed rate based on
the kinetic chain of the serve stroke.

Materials and methods. The research method employed in this study was research and development (R&D). The
data were collected by recording videos of 10 professional athletes’ serve strokes. These videos were then analyzed
using software to check their movement angles.

Results. The findings showed that the average angles were as follows: elbow = 120.490, shoulder = 166.010,

hip = 165.330, knee = 165.880, ankle = 173.790, and ball speed = 24.33 m/s.

Conclusions. Some conclusions were drawn from this study. First, the more significant portion of the kinetic energy
of force produced in a serve was developed on the legs and body torso. Every segment generated force and acted as a
stabilizer structure for the next segment’s activity. Fifty-one percent of kinetic energy and 54 up to 60 percent of the
total force were produced this way. Second, the kinetic chain was oriented towards changing the linear or straight-
line momentum into an angular or rotational momentum around the stable pillar leg. Third, each segment had tilting
or stabilization and acceleration phases. Fourth, a big and fast movement was needed in the joints, especially the
shoulders. Finally, the broken segment or kinetic chain reduced the ultimate force or energy available to travel the
ball and put enormous pressure on the surrounding segments. A decrease in kinetic energy by 10 percent from the
hip or body to the shoulder while doing the serve required an increase in the shoulder’s rotation by 14 percent or an
increase in the shoulder’s mass by 22 percent to create the same kinetic energy on the hands and racket. There were
some reasons for the broken kinetic chain, but the most general ones included muscle weakness, inflexibility, joint
injury, and poor stroke mechanics.

Keywords: kinetic chain, technology, serve, tennis.

Introduction rotation and placement (Martin, 2018). The serve speed is
one of a determining factor of tennis performance (Colomar
et al., 2022; Fett et al,, 2020). An athlete’s ability to get the
first serve ball speed is an important element of a successful
game (Maquirriain et al., 2016) and a major advantage for
a player (Martinez-Gallego et al., 2020). A good first serve
makes the opponent feel pressured and less optimal to return
it, allowing a server to have greater chance for points than

(@ PETM their opponents. A good first serve enables the player to get
! LLCOVS

In tennis, every game begins with a serve (Fett et al,,
2020). An effective, hard and accurate serve is what all ath-
letes dream of. The main keys to a successful serve are speed,
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rally points in a short time with a percentage of points won
by 72-81% (Hizan et al., 2011). In addition, a successful first
serve has developed into a powerful tool for gaining imme-
diate points or taking instant initiative in a rally (Keller et al.,
2021). Based on the research data in the field, male tennis
players have 65% (Australia Open and France Open) and
70% (Wimbledon) change of winning if the first serve can be
maintained during the match (Meffert et al., 2018).

A kinetic chain begins from the legs, develops to the hip,
body torso, upper arms, lower arms, and eventually to the hands
and the racket (Fu et al., 2018; Terré et al., 2024). The right
kinetic chain (movement execution, technical skills, kinetic
chain coordination) is needed by professional players (Fett et
al,, 2021). In a kinetic chain, the hip is the connector between
the legs and the body, and abdominis is the connector between
pelvic girdle and shoulder girdle. The pelvis and body torso are
a vital connector in a set of actions while doing the serve.

Interestingly, from the biomechanic perspective, a serve
is characterized by a bottle-opening movement, after the ball
is thrown, the serving arm moves behind the body and the
vertebral column is laterally bent and hyperextended with
the lower body fully loaded. The racket and arm acceleration
when serving before the impact point is accompanied by
counter-rotational acceleration of the lumbar spine, from
hyperextension to flexion from right rotation to left rotation
(Kovacs & Ellenbecker, 2011). When starting the service, the
front foot is placed to the right net post and the back foot is
parallel to the baseline. The front heel and the back toes are
aligned to create stability (Fett et al., 2021).

Considering the problems above, it is important to
conduct research analyzing the kinetic chain (Liang et al.,
2023) in producing a serve stroke that has high speed and
accuracy. Nevertheless,aserviceisthemostdifficulttechnique
to master compared to other techniques as it needs a complex
combination and coordination of joints and leg movements
required to transfer force from the bottom to the racket head
known as the kinetic chain (Kovacs & Ellenbecker, 2011).
Hence, a precise and in-depth investigation on kinetic chain
is needed to generate an optimal stroke. It will surely be not
an easy task if a coach analyzes this kinetic chain and predict
the resulting ball speed when they only rely on observation
without involving any science and technology in it.

Most studies on kinetic chain start from the lower limbs
up and the body torso joint movements (Wagner et al.,
2014), racket and ball kinematics (Whiteside et al., 2013),
gender, age, performance, and injury-related kinematics
(Campbell, 2013), the effects of flat or slice serves (Carboch
et al., 2018), and body and ball kinematics in deuce and
Ad situations (Fett et al., 2021). However, to the best of
researchers’ knowledge, no studies have been conducted
on the predicted correlation between the kinetic chain of
service stroke and the produced ball speed rate. The analysis
was done through the kinetic chain at the time of ball impact
(Eaton et al.,, 2013). In each phase (Wang et al.,, 2021), the
kinetic chain angle of the athlete’s biomechanical movements
during service will be read, including: elbow, shoulder, hip,
knee and ankle (Fleisig et al., 2003; Parunchaya et al., 2025).
The analysis was carried out using a readily accessible and
operatable Android-based application to make it easier for
coaches to analyze the athletes’ movement problems. This
application system works by reading one athlete’s movement
into several detailed series of movements taken from live

video recordings or replays, then connected to an Android
mobile phone or computer that has the application installed.
The application was also designed to automatically read the
ball speed as the athlete did the serve (Zhao et al.,, 2019).

Materials and Methods

Participants of Study

Research and Development (R&D) was used for
the current research with quantitative data. The research
population consisted of 5 male 12th-grade student national
athletes of Central Java and 5 male athletes from Tennis
Club at UNNES. As every individual in the population
participated in the research, the sample reached saturation,
with the only criterion being male athletes, resulting in a
total of 10 athletes as the sample.

Organization of Study

For this research with experimental design, the data
were collected by distributing questionnaire to experts
to allow them to determine whether the instrument was
valid or not. The test was done in three repetitions. A ball
launcher and a camcorder were used in the test. In addition,
the camcorder was integrated to an Android mobile phone
to record the video. The product developed in this research
was SBM-03 application. Its design allowed the researcher to
predict the speed of forehand stroke as shown by the angle
of biomechanic movement when the ball impact occurred.

This product observed the biomechanic movement of
some body parts involved in the movement such as hips,
ankles, shoulders, knees, and elbows at the moment of ball
contact. Additionally, the system was capable of automati-
cally computing the angle. Furthermore, it collected data
from pictures of tennis players employing an image acquisi-
tion circuit of Modbus IoT (Internet of Things) sensor. The
product utilized the principle known as human pose detec-
tion to measure the player’s movement angle, using 32 points
on the body, while tracking the speed of the ball. Once the
numbers regarding angles of movement and ball speed were
obtained, they were then saved in Excel as the deliverables.

The procedures for developing the research involved:
1) analyzing the product, 2) developing the software and

Table 1. Main Components of Software

Icon Function

Python 3 Essential Training

>

Visual Studio

[

Software Name

Python 3

A programming language
used as communication
to make it possible to
track objects. In this case
the objects were human
beings and a tennis ball.

VS Code To edit the programming

language.

To link the webcam to
the computer via a Wi-Fi
connection.

Trun
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Table 2. Main Components of Hardware

Hardware Name Figure Function

Webcam Used to record videos real-
time at the predetermined
corner of the court.

a
Tripod Serving to support the

webcam in recording the
video.

Surveyor’s tape To determine the angle
from which the video was
taken and the dimensions

of the court.

Detect
the ball

Detect
humans

Human Pose Detection
(looking for a corner)

(Detect Ball Speed)

I

Speed Detection I

The data is
saved in exel

Realtime/recorder
video centure

product prototypes, 3) having the product assessed by
experts, 4) testing the product, and 5) revising the product.

The research started with an analysis of the components
to be used. The product’s output would be data on ball speed
and poses of the players while the game was ongoing. The
data needed were spatial ones in RGB format the frame of
which contained the players and the ball. Below is the list of
main components used.

The movement angle of players was detected based on
the so-called human pose detection principle, that had 32
points on the body and the speed of the ball was also tracked.
The deliverables of this athlete movement and ball speed
detection were saved in Excel. The flowchart of how this
system worked is as follows:

Statistical Analysis

Since descriptive, inferential analysis with Two-Way
ANOVA classification was employed in this study, the
following formula was used.

Angel pose
detected

Ball speed
detected

Data stored in exel

Pose angel detection
and ball speed

Results of angle and velocity
measurement (up to date)

=

143.02392309881526
91.30m/s

Fig. 1. Workflow of System

Table 3. Average ball impact of athletes’ first serve

No Player’s EIbows Shoulders Hips Knees Ankle Ball Speed, m/s
1 A 108.53 163.83 172.07 179.98 169.32 26.8
2 B 33.85 151.38 161.34 176.89 166.19 24.8
3 C 95.19 157.27 165.08 175.69 174.48 24.67
4 D 155.08 170.1 165.64 179.64 178.56 24.54
5 E 176.29 174.09 162.73 162.6 174.3 24.22
6 F 159.55 164.71 162.48 174.7 177.8 24
7 G 152.58 168.01 166.09 168.42 164.75 23.75
8 H 62.84 178.84 177.6 168.8 168.85 23.54
9 I 111.16 173.82 164.93 176.64 169.3 23.52
10 ] 149.84 158.08 160.81 174.61 173.78 23.47
Avarage 120.491 166.013 165.877 173.797 171.733 24.331
SD 44.076269 8.193724489 4.950935366 5.237692335 4.486457511 0.946503566
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F= % > Fk—1; n—k or Sig. (P_value)

Where:
JKa =nS X? -

JKd = JKsmk

JKT = Jka + JKd

df JKa = k-1

df JKd = N-k

To make sure that the results were accurate, this research
used SPSS version 25. Figure 1 shows the sample tested in
the trial. Furthermore, it presents how the system product
functions.

rx?
k

Results

This study on serve stroke was conducted at tennis
courts of GOR Jati Diri, Semarang Municipality, on 16
October 2024. In the first serve stroke trial with 10 athletes
in 10 repetitions respectively, and after being calculated on
average, the following results were obtained:

Table 3 shows that when the ball made contact, the
angles, on average, were 171.730 for ankles, 173.790 for
knees, 165.880 for hips, 166.010 for shoulders, and 120.490
for elbows with the ball speed being 24.33 m/s at 0.95 ball
speed standard deviation. From these findings, it could be
said that the software could measure the angles of kinetic
chain and the speed of the ball in an accurate manner. Upon
analyzing as many as 206 frames, every stroke was computed
by the system. All that the researchers needed to do was
deciding on the point to make the ball impact optimal and
analyzing every movement as per the movement mechanics.

The body parts acted as a system of chain links where
energy (or force) was produced by one of the chain links (or
body parts), transferred in sequence to the next chain link.
Its application in the serve was as follows:

Discussion

This research aimed at analyzing the kinetic chain of
serve stroke using a digitalization technology. The main
problem was how to measure the angle of joint kinetic
chain and racket speed to produce an optimal ball speed.
In general, the angles of joint kinetic chain and racket speed
could be measured well by the product.

167,63

165,88

166,01
20,49

mElbows mShoulders m Hips

In a serve, there were a number of similarities that were
prerequisites for the stroke to be executed most efficiently
and effectively. The first one was stable foundation. The legs
should be parallel, open, and positioned sideways to allow
the knees to do some flexion and develop the lower and
upper body rotational momentum. Greater knee flexion
during preparation contributes to racquet speed (Hornestam
et al., 2021).The second one was simultaneous movement of
both arms. The throwing arm followed the line of rotation
of the body when the hitting arm was in the cocked position
(racket face closed). This closed racket position was best
achieved with a proper (continental) serve grip. As both of
their arms working together in such a way, the player would
be better able to achieve the desired trunk and shoulder
rotation. The third one was the hitting phase. This phase
began when the hitting hips, body and shoulder rotated. This
was followed by the deceleration of the right hip (blocker),
which allowed the transfer of energy to the shoulder and
arm. The shoulder internal rotation (front elbow) affected the
racket’s fall continuity and the elbow’s forward acceleration.
The fourth one was extension movement. The racket started
to rise quickly on the edge. This allowed for optimal shoulder
internal rotation and forearm pronation. The fifth one was
contact. At this point, the full extension of the hitting side
was shown. The forearm pronation and the wrist outward
rotation continued until impact. When contact occurred,
the vertical racket speed was positively related to the hip
rotation (Vacek et al., 2023). The ball speed was also affected
by whether the head angle was opened or closed (Vaverka et
al.,, 2018). To optimize the high racket head speed, flexibility
of hands and upper arms as well as trunk and shoulder
internal rotations were needed (Delgado-Garcia et al., 2019).
Some studies reported that when the contact occurred,
the elbow was not fully extended (Fett et al., 2021) since
it would reduce the pathological risk such as loose body
formation. Just like the elbow, when the serve contacted,
the configuration of the shoulder joint could cause pain
and pathology (Gillet et al., 2017). The sixth similarity was
deceleration. After a powerful ball-hitting motion and a long
follow-through, the player regained their balance.

To produce kinetic chain force efficiently for a serve,
four common points in the kinetic chain sequence were
needed. First, the leg/hip segment needed some degree of
knee flexion when cocking. Knee extension from flexion
then provided upward linear momentum, transferring the

173,79

Knees m Ankles

m Ball Speed

Fig. 2. Mean Kinetic Chain of First Serve Impact
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Table 4. Working System of Serve Kinetic Chain

Body Part Description
Leg drive Increases velocity of hip
Trunk and shoulders Increases shoulders velocity
rotation
Upper arm Increases elbow velocity
Elevation Aligns the racket for impact and Increases wrist velocity

Forearm extension and
pronation

Hand flexion

Hip rotation

Trunk rotation

Rotation of the arm about
the shoulder (power loop)

Elbow Extention — Forearm
pronation

Wrist flexion

Follow through and landing
foot

Increases racket speed

The second part of the link in the chain is the use of the hips.

The Advanced player will transfer the power generated by the knees to the trunk through the hips.

Hip rotation occurs after the knees bend, and then straighten. Such an action upwards drivers the
shoulder up and out which forces the racket further down the back of the server. This phenomenon is
called displacement and requires excellent co-ordination.

Once the force has been transferred from the ground, through the legs to the hips, and the hips achieve
maximum rotation speed, then trunk is rotated. Most good servers have considerable trunk rotation.
Note that as the trunk rotates the left arm is tucked in front of and across the body. This arm action acts to
decelerate the trunk rotation thus allowing the arm to accelerate out towards the target.

Following the trunk rotation, the next link in the system is the rotation of the arm about the shoulders.
When the arm is at the bottom of the backswing behind the back, it is externally rotated at the shoulder.
On the upward or forward swing, the upper arm internally rotates at a very high speed.

The next part of the link involves the elbow in two ways:

The elbow extends from position when the racket is behind the back (in the power loop), and
Pronation (turning outward) of the forearm and hand around the elbow occurs

The speed of these two actions is very high and care should be taken to avoid injury.

In the backswing (behind the back) and early forward swing the wrist is hyperextended (the hand bends
back at the wrist). As the racket head accelerates towards the impact points, the hand flexes at the wrist
until, at impact, it is relatively straight compared to the forearm, and then racket head continues at high
speed so that the wrist flexes.

The wrist action from a hyperextended positition, through to a straight (at impact) and then flexed
position (after impact), is the final stage in the chain of links which produces a powerful serve.

The completion of the weight transfer forward moves the body into the court. The face of the racket does
an outward rotation that reduces the strain of the shoulder joint.
The racket moves across the body and decelerates. The body starts to recover its balance for the next shot.

ground reaction forces to the body (Fett et al., 2021). The
leg in the back provided most of the upward and forward
thrust, while the front leg provided a stable pole to allow
for rotational momentum. This created a “pushing” motion
from the ground to the racket. Second, the body and scapula
had to rotate and retract, to allow for a shoulder/arm
position when cocking. This served to store a full tank of
energy. A stable body position allowed a quick acceleration
to the ball. Third, the shoulder needed to rotate externally
and abducted horizontally to reach the cock, and rotated
internally while accelerating. The shoulder internal rotation
from the cocked position to acceleration was the single most
important biomechanical variable in the kinetic chain of a
serve, had the highest speed, occurred the closest to the ball
impact, and allowed maximum acceleration through the ball
(Moreno-Pérez et al., 2019).

The flexibility and internal rotation of the upper shoulder
during the rotation phase played an important role in racket
(Antrenmanlarin, 2020; Martin et al., 2014; Sogiit, 2017).
The acceleration phase began with maximum lateral rotation

of the shoulder at the end of the cocking phase (Zappala
et al., 2017). Finally, the forearm pronated to accelerate
the racket through the hitting zone. This movement was
combined with internal rotation of the shoulder (Whiteside
etal., 2013).

The capacity to increase the absolute ball speed started
with lower body mechanics and followed by that of the upper
body (Butler et al., 2020; Gallo-Salazar et al., 2017). It is
importantforangleand shouldertobetiltedandaccompanied
by knee flexion (Anttnez et al., 2012). The knee extension
during trunk/scapular rotation acceleration reached the
“full tank of energy” while tilting external shoulder rotation
(backward) and internal rotation (forward). (Zhang & Chen,
2024)suggested that internal rotation of the humerus and
pronation of the forearm contributed to the effectiveness of
tennis strokes. The same applied to the forearm pronation
(outward rotation of the wrist) (Palmer et al., 2018).

The advantages of this research product included its ease
and practicality for use as well as its effectiveness to measure
the kinetic chain and the resulting ball speed. Nevertheless,
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this product still had its limitations, such the different
correlation between measurement angle of kinetic chain and
the resulting ball speed among players. It was possible that
this was a result of some factors, including heights, weights,
arm length and angel position when the video was taken.

The previous studies showed that arm length and height
affected the serve speed (Ma et al., 2024). The correlation
of first serve between anthropometry and speed: height,
upper arm length, arm circumference and Body Mass Index
BMI (Moreno-Pérez et al., 2019). A significant correlation
occurred between serve speed and BMI, and this was
associated with the potential increased muscle mass on
power (Vaverka and Cernosek, 2013).

The challenge to deal with was to find a way to increase
the accuracy degree of ball speed and the joint kinetic chain
angle despite the athletes’ different anatomical structure.
Regardless of this challenge, this research had its own added
value thanks to the ease of collecting its data, where only
smartphone or Android mobile phone was sufficient to
collect the data and analyze the kinetic chain and ball speed
while performing the serve stroke.

Conclusions

The serve stroke technique could be assessed and
measured using this tool. It is suggested for coaches and
athletes to use this tool to consider the effectiveness of kinetic
chain of serve stroke technique to generate an optimal ball
speed. When differences in movement are spotted, this
software would be able to identify what goes wrong in the
movement, enabling coaches to apply a corrective strategy in
the following practice session. It is recommended for future
research to consider other variables such as height, weight,
arm length and to use camera from multiple angles to make
the product analysis more precise and accurate.
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BiomexaHiYHNN aHaNi3 KIHETUYHOrO NlaHLora pyxy
nopavi Woa0 NPorHo3yBaHHA WBUAKOCTI NONbOTY
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'CeMapaHICbKUII Iep>KaBHMI YHiBepCcUTET
ABTOpPCHKMIT BKTAJ: A — Am3aits gocnipkenHs; B — 36ip ganux; C — crarananis; D — migroroska pykormucy; E — 36ip komtis
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IcTopisa nurannsa. KineTHyHMit MTaHIIOT yAapy Iijl Yac BUKOHAHHSA HOJlavi NpeficTaBIsie co6010 CKOOPJVHOBAHY aKTUBAIil0
CerMeHTIB Tija (Hir, Tymy6a, miedeit, pyK i KMCTel), siKa TOYMHAETHCS 3 MOMEHTY CU/IU Peakllii Omopu, 110 BUHUKAE Y BiAIOBIAb Ha
THCK HOTOIO Ha OIIOPY i 3aBepIIYEThCS IPUCKOPEHHSM YAAPY PAKeTKOI0 O Ms19y. MeTa 1IbOro ZOC/Ii/PKeHHS IO/IATAE B TTO3MLII0-
HYBaHHI KiHLIEBOTO CETMEHTA, KICTi PYKI Ta PAKETKM B ONTUMA/JbHOMY ITOJIOXKEHHI 3 ONTMMAa/IbHOK IIBUAKICTIO 3311 AKOMOTa
eeKTUBHIIIOrO «3abe3IedeH s TOIBOTY M s14a». EQeKTHBHEe BUKOPUCTAHH CETMeHTa KiHeTYHOTO IAHIII0Ta CTBOPIOE Habarato
Oi/IblITy IBMUAKICTD PaKeTKH, HDK J1oro ckraosux. HatoMicTb posipBaHmil KiHeTHYHNUIT JIAHIOT CIIPUYMHSAE MEHII ONTUMAJIbHY
MIBUJIKICTD MOBOTY M A4 i HABITH MOXKe IIPU3BECTH [0 TpaBMyBaHHA. OHAK HACHpaB/i pyX KiHETMYHOTO JTAHIIIOra i MOKa3HMK
HIBUIKOCTi TIONMBOTY M’9a HEMOYK/IMBO IIOMITUTH JIAILE 34 SOIIOMOTO o6cepBauiI71Horo MeTopy. ToMy fyi [iarHOCTUKM 1IbOTO
Ipolecy HeoOXifjHe BIIPOBaJPKEHHS CIIellia/IbHOI TeXHOJIOT.

Mera po6orn. MeTo 1bOro JOCTImKEeHHsI 6710 po3pobuT 1ydpoBy CUCTEMY IIPOTPAMHOrO 3a0e3NevYeHHs IS BUMIpIo-
BaHHA IIOKa3HMKIB MIBUAKOCTI IIOJIbOTY M ’S149a Ha OCHOBI KiHETUYHOTO JIAHIIIOTA YAApPY IIifi YaC BUKOHAHHA MOfadi.

Marepianu Ta MeTogu. Y ImpencTaB/eHill HayKOBill Ipalli 3aCTOCOBAaHO METOAMKY HayKOBO-JOCTITHMUX Ta JOCIiIHO-KOH-
CTPYKTOPCHKMX pobiT. 36ip AaHuX 3pilicHIOBaBCA HUIAXoM ¢ikcanii Bifjeosanucis ygapis mip 9ac mopagi 10 cmoprcMeHiB-mpo-
¢ecionanis. 3rofom oTpuMaHi Bifeosarmucu 6y IpoaHaIi3oBaHi 3a JOIOMOTOK IIPOrPaMHOroO 3a0esIedeHHs /IS [epeBipKu
KYTiB IXHbOI'O PYXYy.

PesynbraTtn. Pesynbraty mokasamm, 1o cepefHi KyT Malay HaCTYIHi MapameTpu: TikoTh = 120.490, nneye = 166.010, cTer-
HO = 165.330, xostiHo = 165.880, HaAIT ATKOBO-TOMINKOBMII CYI7I00 = 173.790, a IBMUAKICTb MONMBbOTY M stua = 24.33 M/c.

BucHoBkn. Ha 0CHOBI IIpoBefieHOr0 BOCIiKeHHst 3p06/IeHO Ki/lbKa BUCHOBKIB. [10-1epiue, 3HayHiIIa YacTIHA KiHETUYHOI
eHeprii Cu/I, 110 CTBOPIOETHCA MiJl YaC BUKOHAHH II0fadl, PO3BUBAETbCA y HOTax i Tyny6i. KojkeH cerMeHT reHepyBaB CIILY i 1isiB
K CTPYKTypa-cTabiizaTop 3a//Isi aKTMBHOCTI HACTYIIHOTO CETMeHTA. Y TaKMil Croci6 BUPOO/IIOCS I ATAECAT OFUH BifICOTOK
KiHeTH4YHOI eHepril i Bix 54 mo 60 BigcoTkiB 3aranbHOI cyn. [To-apyre, KiHeTHIHMII TaHIIOT OYB OPIEHTOBAHMIT HA 3MIiHY JIiHITHO-
ro 260 MPAMOIHITHOTO IMITY/IbCY y KyTOBUIT 260 06epTaIbHUII MOMEHT HaBKOJIO CTiiiKoi omopu. ITo-TpeTe, KOXKeH CerMEeHT MaB
(asu Haxwty abo crabinisanii Ta npuckoperss. Ilo-derBepre, HOTPIOHO 30UIBIINTY fialla30H Ta WBNUAKICTH PYXiB B Cyrmobax,
30KpeMa B IIIedax. 3PelITol0, PO3ipBaHNiT CErMEHT ab0 KiHeTMYHMII JTaHIIIOT 3MEHIIYBaB KiHI[eBy cuTy a0 eHepriio, HeoOXigHy
IJIS pyXy M f4a, CTBOPIOIOYY BENMMYE3HNMIT TUCK Ha HAaBKOJIMIIHI CeTMeHTN. JHVDKEeHHA KiHeT4HOI eHeprii Ha 10% Bix cTerna abo
Tynyba Ho IUleya IIifj Yac BUKOHAHHA IOJayi BUMaraso 30i1blueHHs obepTaHHA IIeda Ha 14% a6o 36i/1bllIeHHA Macy Ileya Ha
22%, 11106 CTBOPUTI aHAJIOTIYHY KiHETUYHY eHeprilo sl KMCTeil pyk i pakerku. Cepef IpMYMH PO3PUBY KiHETUYHOTO JIAHI[IOra
MO>KHA BUJI/INTY Ki/IbKa OCHOBHUX: M sI30Ba C/TA0KICTD, BiICy THICTh THYYKOCTI, TpaBMM CYI/I06IB Ta IOraHa MeXaHiKa y#apy.
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Abstract

Objectives. The study aimed to determine the degree of reliability and validity of the “Balance Error Scoring System”
(BESS) for students after blast TBI implemented by the developed software and hardware control system.

Material and methods. The experiment was attended by 1st-year students (28) after blast TBI in remission, provided
that there were no complications and post-concussion syndrome. The theoretical level of scientific research involved
using the methods of analysis, synthesis, induction, deduction and interpretation. The developed software and
hardware tools used the method of technical modelling. The experimental data presented in this study were obtained
by using the BESS in the process of pedagogical testing, which was processed by methods of mathematical statistics.
Results. The result of our scientific research was the development of software and hardware control system for the
implementation of BESS based on the integration of hardware and data processing algorithms. In the construction
of the software-technical control system for the implementation of BESS, elements of the latest generation of
electronic technology were used, namely: piezoelectric pressure sensors, Force-Sensitive Resistor, MPU-9250 sensor
module — System-in-Package, which consists of a gyroscope, accelerometer and integrated Digital Motion Processor,
as well as Arduino Mega board. For real-time data transmission to the PC screen and smartphone, wireless modules
HC-05 (Bluetooth) or ESP32 (Wi-Fi) were used. To implement the tasks of processing BESS data, application
software was developed, and neural network technology was used to process BESS results. Statistical processing of
BESS results obtained by two methods of registering results revealed that the level of reliability and validity when the
results were marked by an expert corresponded to the level of “low” and “medium”. In the case of recording BESS
results by the software-technical control system, the level of reliability and validity of the studied parameters reached
the limit of “high”.

Conclusions. The findings indicate that the use of advanced technologies and dependable automated control systems
in inclusive physical education for the collection, careful study and analysis of test data ensures the generation

of high-quality, trustworthy information, which serves as the basis for creating reliable and scientifically sound
programs for restoring damaged functions after blast TBI.

Keywords: student, blast TBI, physical education, testing, inclusion, control, balance, reliability, validity.

Introduction particularly severe consequences for the most vulnerable
categories of the population, such as people affected by the
war, as a result of injuries. In the situation of prolonged active
hostilities on the territory of Ukraine and daily terrorist
attacks, the scale of the catastrophe is increasing every day.
This is a factor in the steady increase in the number of people

Problem statement. Since the beginning of the full-
scale war, the aggression of the russian federation has had

© Blavt, O, ledynak, G., Galamanzhuk, L., Helzhynska,
T., Kachurak, Y., Mykhalska Y., Levandovska, L.,

& Tymkovych, R., 2025. who have sustained explosive injuries (Blavt et al., 2024).
yIone According to (Chernenko, 2022; Ghandour et al., 2022),
(@ EECT'S"VS mild concussion due to blast injury (blast TBI) accounts
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for half of all war injuries, which can be sustained equally by
combatants and civilians. Blast injuries are the leading cause
of TBI in war zones (Ling, Ecklund, & Bandak, 2015; Haydel,
& Lauro, 2024). Moreover, mild TBI is almost 10 times more
common than moderate and severe trauma (Dewan et al., 2019;
Buckley, Oldham, & Caccese, 2016), but the exact prevalence is
unknown (Kovacs, Leonessa, & Ling, 2014). With an additional
30% of latent cases (NAMS) added to this number, blast TBI
has become a growing concern (DePalma, 2015).

Blast TBI has been called a «silent epidemic» because
it contributes to disability and long-term disability among
young people more than any other injury (Dewan et al,,
2019; Marcus et al., 2019). It is recognized (Krueger, et al.,
2021) as a factor of economic and social costs and deteriora-
tion of quality of life.

Along with the fact that the prevalence of blast TBI is a
serious problem for the healthcare sector (Ling, & Ecklund,
2011), because the number of students after blast TBI in higher
education institutions is growing (Blavt et al., 2024), this prob-
lem is becoming one of the central areas of higher education.

Analysis of recent research and publications. In higher
education, the function of adaptation of students affected by
the war and rehabilitation of damaged functions is entrusted
to inclusive physical education (Blavt et al., 2023). At the
same time, inclusion is recognized (Lieberman, Houston-
Wilson, & Grenier, 2024; Barber, & Walters, 2024) as a norm
of the modern educational environment.

It has been researched (Denby, et al., 2020; Sudhakar,
et al,, 2023; Du et al,, 2023) that blast TBI causes varying
degrees of injury severity. It has been proven (Zairinal,
Malufti, & Ramli, 2023; Abebe, Alemu, & Sorato, 2024; Zhao
etal., 2023) that such injuries are accompanied by significant
disorders in the state of the body’s functional systems, in
particular, the vestibular system (Taylor et al., 2022; Akin et
al., 2017; Wood et al., 2022).

In particular, vestibular dysfunction is a common
consequence of blast TBI, which can prolong recovery
time (Mucha, Fedor, & DeMarco, 2018; Akin et al., 2022;
Alkathiry et al., 2019). It has been established (Kuo et al.,
2021; Kontos et al., 2018; Zollman, 2021) that balance is
a widely recognized marker of control over the recovery
process after blast TBL.

Instead, it has been studied (Murray et al., 2019; Akin
et al., 2017; Akin, & Murnane, 2011; Leland et al., 2016)
that postural instability is the main indicator of concussion.
Recovery from dizziness and imbalance after mTBI is an area
of ongoing research (Taylor et al., 2022; Romero et al., 2023;
Alkathiry et al., 2019).

It has been argued (King et al., 2014; Leland et al., 2016;
Prevention, mitigation, and treatment of blast injuries)
that the persistence of imbalance symptoms after blast
TBI is associated with the lack of constant control of this
process. It has been determined (Joyce et al., 2022; Akin,
& Murnane, 2011; Babu, Schutt, & Bojrab, 2019) that the
diagnosis of disorders associated with blast TBI should be
largely based on the results of objective testing to understand
the effectiveness of interventions. On the other hand, it is
believed (Fusco et al., 2020; Park, & Lee, 2014) that assessing
test authenticity parameters provides an idea of the real
effect of rehabilitation interventions.

At the same time, in inclusive physical education
in accordance with the modern progress and direction

of European educational integration, it seems possible to
ensure the effectiveness of control in case of implantation of
modern devices, programs and systems in the testing process
(Colls, 2023; Blavt et al., 2023; Varga, & Révész, 2023).

The purpose of the study is to determine the degree of
reliability and validity of the «Balance Error Scoring System»
for students after blast TBI implemented using the developed
software and hardware control system.

Materials and Methods

Research Methods

The choice of research methods was made following
the principles of systematicity and structuredness at the
empirical and theoretical stages, which were performed in the
proper sequence The theoretical level of the study involved
a practice-oriented approach, subject to the requirements of
systematicity and the use of methods of analysis, synthesis,
induction and deduction, and interpretation.

The identification, evaluation and generalization of
scientific research data were carried out at the empirical
level of the study. The experimental data in the study were
obtained during testing, which was generalized, described,
systematized and classified.

In choosing a test for measuring static balance, we were
guided by the criteria that determine the usefulness of a test
in certain studies. That is the possibility of its application in
the conditions of physical education of students, as well as
efficiency in terms of time and costs.

Traditionally, the «Balance Error Scoring System» (BESS)
test is used to monitor the recovery process after mild TBI,
which is a short, simple static balance test (Joyce et al., 2022).
The BESS is a widely used tool for assessing mild TBI (Mathi-
asen et al., 2018), which is recognized as an effective modern
tool (Caccese, & Kaminski, 2016; Napoli et al., 2016).

The test procedure. The balance testing consists of three
stances on two different surfaces. The three stances are double
leg stance, single leg stance and tandem stance. The two different
surfaces include both a firm (ground) and foam surface. (Fig. 1).

The barefoot student should take a certain standing
position with hands on hips and eyes closed with a constant
foot position depending on the stance. The trial is 20
seconds. Count the number of errors from the proper stance
(Balance_Error_Scoring_System).

The BESS is calculated by adding one error point for each
error during the 6 20-second tests. The maximum number
of errors for one exercise is 10. Errors include moving the
hands away from the iliac crests, opening the eyes, stumbling
or falling, abducting or flexing the hip more than 30 degrees,
lifting the forefoot or heel above the test surface, and staying
out of the proper test position for more than 5 seconds.
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Fig. 1. Scheme of the BESS test
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Study Participants

The 28 first-year students in remission after blast
TBI took part in the experiment, from Lviv Polytechnic
National University, Kamianets-Podilskyi National Ivan
Ohiienko University and Kremenets Regional Humanitarian
Pedagogical Institute named after Taras Shevchenko.

All students involved in the experiment had no
complications. The limitations of this study were taken
into account due to the small sample size and the age of
the participants (from 19 to 23 years). The study sample
included students exclusively after mild blast TBI with no
post-concussion syndrome and musculoskeletal disorders
that would affect balance indicators. The latter is justified by
the need to interpret the effectiveness of BESS always in the
context of all clinical information.

The students included in the study sample provided
written consent to participate anonymously in the
experiment, underwent a medical examination, and received
the consent of a medical professional to participate in the
experiment.

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

Research Organization

The applied research was implemented as part of a
university course on inclusive physical education. The
comprehensive strategy for the implementation of the study
included two stages. In the first stage, a software and hardware
intelligent control system was created to implement BESS. In
the second stage, the data on the test results were collected in
two ways, processed and systematized.

To ensure that the BESS results were not misinterpreted,
the testing was conducted anonymously by independent
experts in the first case and with the use of a software and
hardware control system in the second. In this way, in the
second case, they tried to eliminate registration errors and,
therefore, subjective interpretation of the collected data.

The essence of the empirical stage is to collect reliable
information on the BESS results and ensure their availability.

Statistical Analysis

Statistical methods were applied given the need for the
study that the selected outcome measure should be shown to
verify a specific aspect of the quality under test (validity). At
the same time, the repeatability of a certain set of research
results (reliability) reflects the degree to which they can be
reproduced in an identical study (AQR).

Validity, which characterizes the quality of validity,
impartiality and correctness (Vocabulary). In the context
of our study, it is important that a test has construct validity
if it can discriminate between individuals known to have a
particular condition (Portney, & Watkins, 2009).

Test-retest reliability and validity were determined by
correlation analysis. The level of correlation was used as a
measure for interpreting the research materials.

The organization and processing of empirical data was
realized using special mathematical software SPSS Version
22.0 (IBM Corporation).

Results

It has been determined (Ponsford et al., 2024; Mucha,
Fedor, & DeMarco, 2018) that TBI usually leads to short-
term, spontaneously resolving neurological impairment
that largely reflects functional rather than structural brain
damage. Accordingly, balance, which is controlled by the
combined input of the visual, vestibular, and somatosensory
systems, is a fairly common consequence of TBI (Mullally,
2017). Deviations in Static balance, which is an indicator of
the synthesized activity of the somatosensory, visual, and
vestibular systems to achieve steadiness (Bell et al., 2011),
may be symptoms of certain diseases (Marcus et al., 2019).
Balance is assessed within the concept of coordination and is
defined as the ability to keep the center of gravity of the body
on a supporting surface (Ross et al., 2023).

Therefore, to implement BESS, we have developed
a software and hardware control system. The system is
based on the integration of hardware and data processing
algorithms. Thus, we made it possible to accurately analyze
the control data and eliminate the subjective influence of the
human factor.

The basis of the software and hardware control system
for the implementation of BESS is the Force Sensitive
Resistor piezoelectric pressure sensors, which are placed
in the soft mat used to perform BESS. The Force Sensitive
Resistor continuously monitors the weight distribution,
recording any deviations, such as the movement of the
center of gravity or a minimal loss of balance (Politanskyi
et al., 2024). The sensors used in the development are easy
to use, characterized by low power and the ability to operate
on batteries (which is extremely important in a situation
of limited energy resources). Since the Force Sensitive
Resistor operates on 5 volts, it can be connected directly to
an Arduino, which is what we did.

Another key component of the software and hardware
control system for implementing BESS is the MPU-9250
motion sensor module, which is placed on the student’s
body. The MPU-9250 is a System in Package consisting of
a gyroscope, accelerometer, and integrated Digital Motion
Processor. The module, which is attached to the student’s belt
or shoes, tracks body tilts and angular displacements in the
front/back and left/right planes that occur during the test.

In our development, we used an improved version of the
MPU-9250 with an activity detection and 9-axis calibration
system — MotionFusion. MotionFusion algorithms process
information from all sensors, forming a complete set of data
on any displacements of the student’s body that occur during
the test. Analyzing this data allows us to detect minimal
balance disorders. To integrate multiple sensors into one
system, we used the Arduino Mega (the latest version of the
top-of-the-line Arduino microcontroller board), which has
a sufficient number of input ports to read signals from all
connected sensors (Mykytyuk et al., 2024).

The signals received by the Force Sensitive Resistor and
Digital Motion Processor when the student performs the
BESS are sent to the Arduino Mega hardware computing
platform, which acts as a hub for data collection. The Arduino
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Fig. 2. Scheme of BESS implementation using a software and
hardware control system: 1 - student, 2 — Force Sensitive
Resistor, 3 - MPU-9250 motion sensor module, 4 — infrared
communication lines, 5 - Arduino Mega hardware computing
platform, 6 - PC

Mega board includes a microcontroller with I/O elements
and a Processing/Wiring development environment that
performs the primary processing of the Force Sensitive
Resistor and System in Package signals and identifies changes
in the weight load.

To transmit data in real-time, we used wireless modules
such as HC-05 (Bluetooth) or ESP32 (Wi-Fi), which realize
the presentation of results on a PC and smartphone screen.

The developed software and hardware control system for
the implementation of BESS provides for the collection and
processing of test data in real-time. Application software was
developed to implement the tasks of BESS data processing,
and neural network technology was used to process the
BESS results data.

In the second stage of the study, when the BESS data
were collected in two ways, they were processed and
systematized. The results of statistical processing of BESS
data are presented in Tables 1 and 2.

Thus, according to the results of the statistical processing
of the BESS results, the following was found: the level of
reliability and validity, when the results were noted by the
expert, corresponded to the level of «low» and «medium».
However, when the results were recorded by the software and

Table 1. Reliability and validity of the BESS for students
after blast TBI in the firm surface (n = 28)

BESS tasks and measurement results in the firm
surface (K-CTh IOMIIOK)

ps::::rslt::::s DT SO Tandem Stance
Stance Stance

E IITIC E IITIC E IITIC
Mean 3.67 3.21 4.1 3.3 295 193
+SD 3.01 2.01 2.88 193 215 1.82
Median 3.01 2.93 3.88 3.01 231 155
V (%) 31.24 2051 309 23.14 3594 2281

rtt

reliability 0.401 0.899 0.376 0917  0.482 0.904
validity 0.216 0.583 0.212 0.611 0.233 0.678

*Note: E - experts, CS - software and hardware control system

Table 2. Reliability and validity of the BESS for students
after blast TBI in the foam surface (n - 28)

BESS tasks and measurement results in the foam
surface (K-CTh IOMUIOK)

Statistical

parameters Dosli:ilecieg Silsltg:;;eg Tandem Stance
E IITIC E IITIC E IITIC
Mean 5.12 4.17 5.32 3.45 4.18 533
+SD 2.21 1.18 2.34 2.21 2.09 2.13
Median 3.88 3.02 3.56 2.14 3.02 4.55
V (%) 34.11 25,51 31.43 20.85 31.21 19.28
rtt
reliability 0.488 0919 0418 0955 0433 00917
validity 0.189 0.612 0.201 0.688 0.223  0.654

*Note: E - experts, CS - software and hardware control system

hardware control system, the level of reliability and validity
of the studied BESS parameters reached the «high» level.

Dicussion

Our scientific research is justified by the fact that testing
in physical education is an effective tool for assessing various
aspects of students’ physical and personal development (Colls,
2023). We support the thesis that motor skills assessment
is positioned as a tool to promote inclusive education by
recognizing the unique abilities and challenges of each
student (Barber, & Walters, 2024; Blavt, & Gurtova, 2024).

Our study expands on the importance of balance
as a component in concussion assessment (Murray et al.,
2019; Matuszak et al., 2016), which can serve as a guide for
rehabilitation in individuals after TBI (Taylor et al., 2022).
We support the need for a comprehensive assessment of
vestibular function and balance in individuals following
blast-related injury (Akin et al., 2022; Wood et al., 2022).

Determining validity and reliability are considered (Ng,
& Samsudin, 2024; Barlow et al., 2011) to be necessary steps
in evaluating an instrument. This is in line with the findings
that manually obtained balance scores cannot be accurate
and do not detect changes that cannot be recognized by the
naked eye (Rochefort et al., 2017; Prangley, Aggerholm, &
Cinelli, 2017; Ross et al., 2023).

The study is in line with the current state of the art in the
field: it is consistent with the data (Blavt et al., 2024; Fusco et
al., 2020; Mykytyuk et al., 2022) that the use of computerized
programmable devices in testing is an effective means of
achieving objectivity in the testing process. Our research is
motivated by the need to develop an inexpensive and widely
available balance test instrument (Park, & Lee, 2014; Alberts
et al., 2015), given that the balance test provides important
information such as a standard for assessing functional
recovery (Park, & Lee, 2014; Bell et al., 2011).

Our study is in line with the results of scientific research
(Fusco et al., 2020; Park, & Lee, 2014; Ross et al., 2023) that
computerized instrumented devices have the potential to
become the mainstream devices for balance assessment
(Caccese, & Kaminski, 2016).
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It has been reported that the use of technical means
(Goldie, Bach, & Evans, 1989), in particular, portable sensors
(King, et al., 2014; Napoli, et al., 2016) in balance control,
including after TBI, ensures the objectivity of measurements.

Our study confirms the results (Bell et al., 2011;
Ross, Hoch, Malvasi, Cameron, & Roach, 2023; Caccese,
& Kaminski, 2016) that the reliability of the overall BESS
assessment ranges from poor to medium when performed
by a specialist.

The reliability of the BESS has been studied for specific
populations, in particular, in Military Cadets (Bell, 2011;
Ross et al., 2023); middle school and high school population
(Barlow et al., 2011); undergraduate students (Planchet
et al., 2023); among NCAA Division-I Football Athletes
(Mathiasen et al, 2018); in healthy young athletes (Valovich
McLeod et al., 2004); in concussed athletes on the sidelines
(Caccese, & Kaminski, 2016); a healthy population (Tao et
al,, 2020); with moderate-to-severe TBI (Joyce et al., 2022);
in US military personnel (Kontos et al., 2021).

We first investigated the use of BESS to assess the state
of balance for students after blast TBI and experimentally
established the level of reliability and validity of BESS, which
was implemented using a software and hardware control
system for the implementation of BESS.

Conclusions

Most of the changes in national educational policy were
aimed at adapting higher education to the new military
realities. Important developments in this area are aimed at
rethinking the educational process of vulnerable categories
of students, in particular those who received TBI blasts as a
result of russia’s full-scale invasion of Ukraine.

A software and hardware control system was developed
to implement BESS for students after blast TBI based on the
integration of modern hardware and data processing algo-
rithms. Application software has been developed to imple-
ment the tasks of BESS data processing, and neural network
technology has been used to process the BESS results data.

The presented software and hardware control system for
the implementation of BESS provides for the collection and
processing of test control data in real-time, which is a factor
in their relevance and will be especially noticeable in short-
term studies. Its use ensures the objectivity, accuracy and
reliability of the control process.

Establishing a measure of reliability and validity of the
BESS for students after blast TBI proves the advantage of au-
tomated controls in ensuring the impartiality and reliability of
the testing process. According to the empirical data obtained
from the experiment, the level of the studied BESS indicators
measured using the software and hardware intelligent control
system for students after blast TBI reached the “high” mark.

The use of advanced technologies and reliable automated
control systems in the practice of inclusive physical education
for the collection, thorough study and analysis of test data pro-
vides the generation of high-quality reliable data, which is the
basis for the creation of effective scientifically based programs
for the restoration of damaged functions after blast TBI.
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NMporpamHo-TeXHiYHa CMCTeMa KOHTPOJIo ANA
peanisauii cucremun nigpaxyHkKy noMmunaok 6anaHcy

Oxcana bnaBt'48?, Tennapiit €qunax*Pk, Jlecs Famamamxyk?cP,

Tersana I'enbxnncpka'® P, F0pin Kauypax'A5°P, 10mia Muxanbcpka®c?,
0608 JIeBangoscbka’tcP, Poctucias Tumxosmy'BCP

'HauionanbHuii yHiBepcuteT «/IbBiBCbKa IMOJTiTeXHiKa»

*Kam’ sHenb-Ilopinbcbkmit HanioHanbHUI yHiBepcuteT iMeHi IBana Orienka

’KpeMeHenbka o6/1acHa ryMaHiTapHO-TIefaroriqia akajemis im. Tapaca IlleBuenka

ABTOpCBHKNMII BKIAL: A — FU3aiiH JOCTiIKeHHsT; B — 36ip manux; C - cratananis; D - migroroska pykomucy; E - 36ip xomuTis

Pedepar. Crarts: 9 c., 2 Tab1., 2 puc., 69 mKeperr.

Merta fOCTiIKeHH Y BI3HAYEH] CTYIEHIO HafilfHOCTI Ta BamigHocTi «CrucTeMn MipaXyHKY IIOMIIOK GaaHCy» A CTy-
TeHTIB I1ic/11 BUOYX0BOI YepeITHO-MO3KOBOI TPaBMI Peasli30BaHOTO PO3PO6IEHOI0 IIPOTrPaMHO-TEXHIYHOIO CHCTEMO0 KOHTPOJIIO.

Marepian Ta MeTOgu. Y eKCIePMMEHTI IPUITHANN YYacTb CTYleHT! [-ro Kypcy HaBYaHHA Mic/1A BUOYXOBOI YepeIHO-MO3KO-
BOI TpaBMM y CTaHi peMicii, 32 yMOBU BifICyTHOCTI yCK/IaZlHEeHDb Ta IOCTKOHTY31ifHOr0 CUHAIpoMYy. TeopeTnyHMit piBeHb HAyKOBOTO
HOLIYKY Iepef0adaB 3aCTOCYBAHHS METOJIB aHA/II3y, CMHTesY, IHAYKIil Ta AeAyKuil, iHTeprnperanii. Y cTBOpeHi mporpamMHo-
TeXHIYHOTO 3ac0o0y 3aCTOCOBAHO METOJ, TEXHIYHOIO MOJieTIOBaHHA. EXcIlepyMeHTabHI JaHi y JOCTiIKeHi OTpUMaHi MIIAXOM
BUKOpucTaHHA «CHUCTeMN MifpaXyHKy HOMIJIOK Ga/laHCy» y IIPOLieci IefarorivHoro TeCTyBaHH:A, sAKi 06po6ieHo MeTonaMu
MaTeMaTUYHOI CTaTUCTUKMN.

PesynbraTu. ITincyMKOM HaIIOro HayKOBOTO IIOILIYKY € PO3pO0/IeHHS IIPOrPaMHO-TEXHIYHOI CCTeMM KOHTPOIIIO peaisanil
BESS Ha ocHOBI iHTerpaliil armapaTHOTo 3abe3IeYeHH: Ta A/ITOPUTMIB 00pOOKY JaHUX. Y OOYHOBI IPOrpaMHO-TeXHIYHOI CCTEMMI
KOHTpOJIIO st peanisanii BESS BUKOpUCTaHO e/leMeHT! OCTAHHBOTO IIOKOJIIHHS €/IeKTPOHHOI TEXHIKY, a caMe: I €30e/IeKTPIYHi
cercopu tucky Force Sensitive Resistor, cencopunit mogyns MPU-9250 — System in Package (SiP), axmit cknafaerbes 3 ripockora,
akcermepoMeTpa it iHTerpoBanoro Digital Motion Processor (DMP), maty Arduino Mega. [ljis1 iepefadi JaHux y peaqbHOMY Yaci
Ha expaH I1K ta cmaprdony Hamu Bukopucrano 6esnporosi moxyni HC-05 (Bluetooth) abo ESP32 (Wi-Fi). Ina peanisawii sa-
BJIaHDb OIpaliioBaHHA faHux BESS po3pob6ieHo npukiajHe mporpaMHe 3abesledeH s, a A 06po6ku faHux pesynbrariB BESS
BUKOPMCTAHO TEXHOJOTiI0 HelipoMepexxi. CTaTUCTUYHUM OIpallloBaHHAM pesynbTaTiB BESS, siki oTpumano mBOMa criocobamu
peecTpaljii pesy/nbTariB 3)4COBaHO, 1[0 PiBEHb HAJIIHOCTI Ta BaliJHOCTI KO/M pe3y/NIbTaTy BifIMi4amich eKCIIEpTOM BiIoBigHi
PiBHIO «HM3bKUII» Ta «cepefHiit». ¥ pasi sanmucy pesynbraris BESS nporpaMHo-TeXHiYHOK0 CHCTEMOI0 KOHTPOJIK PiBEHDb HOCHTi-
IPKYBaHMX ITapaMeTpiB HaliiHOCTi Ta Ba/Ii/JHOCTI JOCATaB MEXi «BYICOKMII».

BucHoBku. BrikopucranHs y npakTulii y iHK/I03MBHOMY (BisM4YHOMY BMXOBAaHHI IepeoBMUX TEXHOJIOTN Ta HafillHUX aBTO-
MaTMU30BAaHMX CUCTeM KepyBaHHA JUIA 300Dy, PeTE/IbHOTO BMBYEHH: Ta aHa/i3y HaHMX TeCTOBMX BUIIPOOYBaHb 3a0e3NedyloTh
reHepyBaHHs BICOKOSIKICHUX OCTeMEHHMX JaHMX, [0 € OCHOBOIO ¥ CTBOPEHHI Ha/[iifHMX Ta HAYKOBO OOIPYHTOBaHMX IIPOrpamM
BiJ[HOBJICHHS YIIKOMKEeHNX (QYHKIill Mic/Is1 BUOYXOBOI YeperHO-MO3KOBOI TPaBMI.

KirouoBi cmoBa: cryfenTty, BubyxoBa depelnHO-MO3KOBa TpaBMa, Gi3nuHe BUXOBAHHI, TECTYBaHH:, IHK/II03isd, KOHTPOJIb,
6anmaHc, HaJiIHICTh, BaTiHICTh.
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Abstract

Background. Soccer demands high endurance, speed, and aerobic capacity, making fitness a key performance factor.
The Yo-Yo Intermittent Recovery Test Level 1 (YYIR1) is a valid field test to assess these attributes in soccer players.

Objectives. This study aimed to evaluate the effect of a 12-week targeted soccer training program on aerobic

endurance in university-level male soccer players.

Materials and methods. A quasi-experimental pretest-posttest design was used, involving 32 university-level male
soccer players (aged 17-25) from Visva-Bharati University. Participants underwent a 12-week targeted soccer training
program. Aerobic endurance performance was assessed using the YYIRI test, evaluating accumulated distance,
cumulative time, and VO,max before and after the intervention. Data were analyzed using paired-sample t-tests, with

a significance level set at p < 0.05.

Results. Among 32 university-level male soccer players, significant improvements were observed in the post-
intervention period: accumulated distance (mean increase = 312.5 meters, d = 1.70), cumulative time (mean
increase = 2.54 minutes, d = 1.80), and VO, max (mean increase = 2.62 ml/kg/min, d = 1.72), all with p < 0.001.
Conclusions. According to the study, it was found that the 12-week targeted soccer training intervention led to
statistically significant enhancements in aerobic endurance capacities among university-level soccer players, as

demonstrated by improvements in YYIRI test outcomes.

Keywords: soccer, Yo-Yo Intermittent Recovery Test, VO,max, aerobic fitness, endurance training.

Introduction

Soccer is one of the most challenging sports in the
world (Toparlak & Salas, 2022; Gurau et al., 2023). Players
must possess strong physical, mental, technical, and tactical
qualities to perform at an elite level (Toselli et al., 2022; Verma
& Dabshede, 2024). Physical fitness is one of the most critical
factors for a soccer player to perform at their best on the field
(Iaia, Rampinini, & Bangsbo, 2009). Endurance capacity
is vital in soccer, which requires sustained performance

© Saha, G. C, Shaw, C., Orhan, B. E., Karak, P. K., Mondal, S.,
Halder, S., Biswas, S., & Roy, B., 2025.
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over 90 minutes. During the game, players face different
situations where they need to showcase their skills, such as
demands like speed, endurance, agility, and strength. Players
must maintain high performance throughout the match,
demanding a high level of physical fitness. Modern soccer
requires high endurance, speed, strength, and coordination
skills (Andrzejewski et al., 2015). Therefore, players must
develop strong aerobic and physical qualities to meet the
demands of the game. Various lab tests can measure Aerobic
Fitness (VO,max) accurately. However, for this study, the
VO,max is calculated through the reference table of the Yo-
Yo Intermittent Recovery Test, as this table was prepared by
testing various subjects (Bangsbo, Iaia, & Krustrup, 2008).
Therefore, the YYIRI is very popular for ballgame players to
measure aerobic fitness quality (Castagna et al., 2008).
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The Yo-Yo Intermittent Recovery Test Level 1 (YYIR1),
developed by Dr. Jens Bangsbo, is a widely used test to
evaluate an athlete’s ability to repeatedly perform high-
intensity intervals with brief recovery periods. It is especially
relevant for soccer players, as the sport demands frequent
sprints interspersed with short recovery phases. The yo-yo
intermittent recovery test is available in two versions: version
1 is for beginners, and version 2 is for advanced players. The
trial starts with a beep sound, with certain levels where the
speed increases as the time of completing the levels decreases
in different groups (Bangsbo, laia, & Krustrup, 2008).

The purpose of the YYIRI1 is to determine the repeatedly
performed interval for a prolonged period. It is a field test
assessing the physical performance of athletes. The test
layout is 20 x 5 meters for the YYIR1, whereas the 20-meter
intervals are back and 5 meters for recovery. The subjects
will get 10 seconds of recovery time after every 40 meters
(Bangsbo, Iaia, & Krustrup, 2008).

While previous studies have explored aerobic capacity
using the YYIRI in professional or youth athletes, limited
research has focused on structured training effects in
university-level players in the Indian context. There is a lack
of controlled research evaluating the impact of periodized
soccer-specific training on aerobic performance in Indian
university-level soccer players. This study addresses this gap
by applying a periodized training protocol tailored to the
inter-university competitive calendar.

Materials and Methods:

Participants

A total of 32 participants, aged between 17 and 25
years (Age = 22 + 1.78 years), were selected using purposive
sampling. No random assignment to groups was performed,
as the study involved only one intervention group. All
participants were inter-university soccer players from
the Visva-Bharati University team, a prestigious Central
University recognized as an institute of national importance
in Santiniketan, West Bengal, India.

Before selecting the participants, a priori power analysis
was performed using G*Power software (version 3.1.9.2,
University of Kiel, Germany). The analysis employed an
effect size of 0.80, an alpha error probability of 0.05, and a
statistical power 0.95 (Kang, 2021). This ensured an adequate
sample size to detect meaningful differences or effects.

The sample size determination test revealed a sample size
of 23 for the study. However, to compensate for participant
attrition, 32 participants were considered as the sample
for the study. All the included participants in the study
were free from acute or chronic medical conditions. The
participants possessing serious medical contraindications
(hypertension, recent heart surgery, uncontrolled diabetes)
or with significant cognitive impairments, as advised by
physicians, precluding them from engaging in vigorous
physical activities, were excluded from the study. On average,
the participants exercised eleven months per year for at least
three years (3.4 + 0.8 years) with five 150-minute sessions,
weekly and one practice match every two weeks and one
competition every three months. The research received
approval from the Institutional Ethical Committee of Visva-
Bharati (A Central University) Santiniketan, West Bengal,

India, ensuring that it adhered to requisite ethical standards
and guidelines (VB/IECHR/03/2024) and registered through
Clinical Trials Registry-India (CTRI/2025/02/080710,
registered on: 17/02/2025). Furthermore, the study adhered
to the guidelines outlined in the Declaration of Helsinki
(World Medical Association Declaration of Helsinki, 2013).
The participants had given written consent after thoroughly
understanding the study’s objectives, potential benefits,
risks, and future implications. See Figure 1 for the study
flowchart to illustrate this one-group pretest-posttest quasi-
experimental design.

Assessed for eligibility (n = 40)

15
N
R Excluded (n = 4)
o + Not meeting inclusion criteria (n = 2)
L + Declined to participate (n = 1)
L + Other reasons (n = 1)
M
E
N
T
Allocation (n = 36)
A
L
L
8 Allocated to intervention (n = 36)
A + Received allocated intervention (n =3 4)
T + Did not receive allocated intervention (n = 2)
1 (Withdrawal) (n = 1)
[0} (Medical Issue) (n = 1)
N
F
o Followed Up (n = 34)
'I: + Lost to follow-up (n = 2)
o Reason:
W Non-compliance (n = 1)
U Adverse effects (n = 1)
P
A
N
A Analysed (n = 32)
L «+ Excluded from analysis (incomplete data)
Y (n=2)
S
1

Fig. 1. Study Flowchart for the Quasi-Experimental One-Group
Pre-test-Post-test Design

Study Design

The research employed a quasi-experiment utilizing a
one-group pretest-posttest design Figure 1), citing the limited
number of participants (Knapp, 2016). The participants were
tested before and after the exposure to twelve weeks of the
Soccer Training Interventions program. The participants
were instructed not to be involved in any other types of
physical interventions which might have influenced the sole
effect of the Soccer Training Interventions program. The
pre-test was completed three days before the start of the
training program, whereas the post-test was completed three
days after the completion of the twelve weeks of the soccer
training program.

Although a control group would strengthen internal
validity, logistical challenges, ethical concerns in withholding
training, and limited player availability made it impractical.
This design still allows for a meaningful evaluation of
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within-subject improvements, but generalizability should be
interpreted cautiously.

Training Intervention

The 12-week training program was designed to enhance
the overall performance of inter-university-level soccer
players. It focused on five key areas: strength training,
technical skills, speed and agility, endurance, and tactical
awareness.

Each week included five training sessions of 150
minutes each, totaling 750 minutes per week. The program
integrated strength, endurance, technical, tactical, and
speed-focused training tailored for inter-university soccer
players. In addition, one full practice match was scheduled
every two weeks, and official competitions were held every
three months.

Testing Protocol

Yo-Yo Intermittent Recovery Test Level 1 (YYIRI) and
the audio for the YYIRI, which Dr. Jens Bangsbo created,
were considered for the test. Before the test, all the players
were well-instructed and demonstrated with a demo, and
then the researcher took the test. The subject stood behind
the starting line, started running 20 meters on the sound of
‘GO;” and touched the end-bound line with a beep. Again,
they will return to the starting line within the beep sound
without stopping and rest for 10 seconds in the 5-meter
recovery zone for the recovery time. Accumulated distance
refers to the total distance (in meters) the participant covers
before the test ends. Cumulative time represents the total

Table 1. Twelve weeks of targeted soccer training intervention

Test Course of the Yo-Yo Intermittent Recovery Test

5 metres 20 metres

Fig. 2. The test course of the Yo-Yo Intermittent Recovery Test-1.
The full course shows the player’s movement during the run and
the dotted line for the recovery period

duration (in minutes) completed in the test. VO, max was
estimated using the standard YYIRI lookup tables Bangsbo
et al. (2008) provided based on the total distance covered.
In the early stage, the speed was slow, but it got increasingly
faster as the test progressed (Sports, 2008).

Statistical Analysis

Descriptive statistics were used to describe the data
on the YYIRI performance of the pre-test and post-test
of the soccer player’s accumulation distance, cumulative
time, and VO,max. To ensconce the validity of this study’s
statistical analysis, the researcher measured the assumption
of normality of data. The Shapiro-Wilk test was used to
assess the normality of data distribution. The Shapiro
Wilk test showed that the data collected from the variable’s
accumulation distance pre and post-test, Cumulative time
pre and post-test, and VO,max pre and post-test through the
YYIRI1 test were normal. Thus, the normality of data further
leads to subsequent analysis.

Rest Between

Phase Weeks Component Intensity Volume/Type Frequency Sets

Strength Training ~ 70-80% of IRM  3-4 sets of 8-12 reps 2x/week 60-90 sec
Technical Skills Moderate 30-45 min 2x/week -

) 4 Speed & Agility Moderate Short sprints (10-20 m) 1x/week -
Endurance Moderate Long runs (5-8 km), Intervals  1x/week -
Small-Sided Games Moderate 3v3, 5v5 (20-30 min) 1x/week -
Practice Match Match Intensity Full 11v11 (60-90 min) 1 match/2 weeks -
Strength Training ~ 80-90% of IRM 34 sets of 6-8 reps 2x/week 90-120 sec
Technical Skills High 45-60 min 2x/week -

5 8 Speed & Agility High Sprints (20-30 m) 1x/week -
Tactical Training Moderate to High ~ Set-piece positioning drills 1x/week -
Small-Sided Games High 7v7, 9v9 (30-45 min) 1x/week -
Practice Match Match Intensity Full 11v11 (60-90 min) 1 match/2 weeks -
Strength Training ~ 70-80% of IRM  2-3 sets of 4-6 reps 2x/week 60-90 sec
Technical Skills High 30 min 2x/week -
Speed & Agility Maximum Sprints (30-40 m) 1x/week -

3 9-12  Tactical Training Match Intensity ~ Positional play, set pieces 1x/week -
Small-Sided Games Match Intensity 11v11 simulations (60-90 min) 1x/week -
Practice Match Match Intensity ~ Full 11v11 (60-90 min) 1 match/2 weeks -
Competition Peak Intensity Full game (90 min) 1 competition/3 months -
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A dependent t-test was computed as inferential statistics
to compare the difference between the accumulation distance
pre-test with the post-test, Cumulative time pre-test with
the post-test, and VO,max pre-test with the post-test. In
addition to the t-test results, the effect size was ascertained
using Cohen’s d, and the 95% Confidence Interval (CI)
was delineated. The level of significance was set at p < 0.05.
All analyses were carried out using JAMOVI Version 2.4
software.

Results

In Table 2, the descriptive and inferential statistics were
applied to acquired data from accumulation distance (pre-
test and post-test), Cumulative time (pre-test and post-test),
and VO,max (pre-test and post-test). Significant differences
were found between the accumulated distance pre-test with
the post-test, cumulative time pre-test with the post-test,
and VO,max pre-test with the post-test, as the p-value was
p<0.05.

The descriptive statistics of aerobic-endurance variables
from the Yo-Yo Intermittent Recovery Test Level 1 (YYIR1)
indicate a significant improvement in the participants’
performance following the intervention. The accumulated
distance (AD) covered increased from a pre-intervention
mean of 1020.00 meters (SD = 980.00) to a post-intervention
mean of 1332.50 meters (SD = 1320.00), reflecting enhanced
endurance capacity. Similarly, the cumulative time (CT)
improved from a mean of 8.45 minutes (SD = 8.19) to 10.99
minutes (SD = 10.84), indicating better cardiorespiratory
fitness. Furthermore, VO,max (VO) increased from 44.97
ml/kg/min (SD = 44.63) to 47.59 ml/kg/min (SD = 47.48),
suggesting a positive impact on aerobic fitness levels.
Notably, the skewness values for all variables decreased
post-intervention, indicating a more balanced and
consistent performance distribution among the participants.
Overall, the results demonstrate the effectiveness of the
training intervention in enhancing aerobic endurance and
cardiorespiratory performance in inter-university soccer
players. Figures 3 through 8 present the box plots, indicating
no significant outliers and that this study’s data distribution
is normal.

The paired samples t-test results in Table 3 indicate
statistically significant improvements in all measured
variables following the intervention. The accumulated
distance (AD) showed a significant increase from the pre-

Accu Pre
Accu Post

Fig. 4. Post-Test Accumulated
Distance Distribution

Fig. 3. Pre-Test Accumulated
Distance Distribution

Cum Time Pre
Cum Time Pra

Fig. 6. Post-Test Cumulative
Time

Fig. 5. Pre-Test Cumulative
TimeFig

Vo2 pre
Vo2 post

Fig. 7. Pre-Test VO,max Fig. 8. Post-Test VO,max

test to the post-test (t = -9.64, df = 31, p < .001), reflecting
enhanced aerobic capacity. Similarly, cumulative time (CT)
also improved significantly (t = -10.19, df = 31, p < .001),
indicating better cardiorespiratory endurance. Additionally,
VO,max (VO) increased significantly (t = -9.64, df = 31,
p <.001), demonstrating improved aerobic fitness. The highly
significant p-values (p < .001) across all variables highlight
the effectiveness of the training intervention in boosting
aerobic endurance and cardiorespiratory performance
among inter-university soccer players.

These results suggest that the twelve-week training
intervention significantly improved soccer-specific
endurance and aerobic capacity.

Table 2. Descriptive statistics of aerobic-endurance variables under YYIR1

Group N Mean SE Median SD Min Max Skewness Kurtosis
AD-Pre 32 1020.00 49.29 980.00 980.00 480.00 1760.00 0.586 0.3510
AD-Post 32 1332.50 57.23 1320.00 1320.00 840.00 2040.00 0.462 -0.6998
CT-Pre 32 8.45 0.40 8.19 8.19 4.12 14.30 0.553 0.0959
CT-Post 32 10.99 0.45 10.84 10.84 7.10 16.40 0.411 -0.7395
VO-Pre 32 44.97 0.41 44.63 44.63 40.43 51.20 0.585 0.3484
VO-Post 32 47.59 0.48 47.48 47.48 43.46 53.50 0.462 -0.6995

High standard deviations reflect broad variation in individual performance levels among participants. Note: AD-Pre - Accumulated
distance Pre Test, AD-Post - Accumulated distance Post Test, CT-Pre - Cumulative Time Pre Test, CT-Post - Cumulative Time Post Test,

VO - Pre - VO,max Pre Test, VO - Post - VO,max Post Test
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Table 3. Paired samples t-test with effect sizes

Variable t df P Cohen’s d
Accumulated Distance  -9.64 31 <.001 1.70
Cumulative Time -10.19 31 <.001 1.80
VO,max -9.64 31 <.001 1.72

Effect sizes were calculated using Cohen’s d, which
indicates large improvements in all performance metrics.

Discussion

The findings of the present study, conducted on 32
young university-level soccer players from Visva-Bharati
University, are as follows.

The study’s results clearly showed that the targeted soccer
training performance on YYIRI significantly affected the
university soccer players’ Accumulated distance, Cumulative
time, and VO,max.

The increased performance of accumulated distance,
cumulative time, and VO,max of the soccer players are due
to the regular practice of the scheduled training program
and the discipline of the players. The capacity for human
exercise performance can be enhanced with prolonged
exercise training (Hughes, Ellefsen, & Baar, 2018), and
increases in mitochondrial enzymes primarily enhance
aerobic endurance capability in the muscle (Chandler, 1994).
The improvement in stroke volume that results from the
enlargement of red blood cells, which adapts independently
of changes in red blood cell volume, is a significant factor in
training-induced increases in VO,max (Lundby, Montero,
& Joyner, 2017). After 12 weeks, one must increase maximal
oxygen absorption, glycolytic enzyme activity, and IR2 test
performance (Izzo et al., 2020). Athletes perform better
in the Yo-Yo IR tests at greater levels of competitiveness,
according to evaluations of elite athletes in various sports
involving intermittent exercise (Schmitz et al., 2018). The Yo-
Yo intermittent tests, which include data across recreational
and competitive levels, age, and gender, are said to be the
field testing in soccer that has been meticulously studied
(Izzo et al., 2020; Pévoas et al., 2023; Priya, 2024).

Training increases stroke volume and cardiac output,
boosting VO,max (Amanda, Ryan, & Constance, 2011). The
trained group experienced a significant increase in VO,max
compared to the untrained group. Highly trained athletes
had lower resting heart rates (Whyte, George, & Shavi, 2008).
The trained group recovers more quickly from exercise than
the untrained group (Dupuy et al., 2024).

In a study, it was demonstrated that Players in the small-
sided games (SSG), speed endurance (SER), and combined
SSG & SER groups improved Yo-Yo IR1 and Yo-Yo IR2 test
performance as compared to the statistically significant
control group (Akdogan et al., 2021).

Various previous training studies have shown that
improvement in VO,peak is closely linked to enhancement
in Yo-Yo IRI test performance (Impellizzeri et al., 2008;
Ferrari et al., 2008; Spencer et al., 2005; Hunter et al., 2011).
Paes et al., in their study, directly measured VO,peak
during Yo-Yo test performance using portable spirometry.
The key finding was that changes in direction affect the
physiological parameters evaluated during physical tests
(Paes & Fernandez, 2024).

This study has some limitations. First, the quasi-
experimental design lacked a randomized control group,
restricting causal inferences. Second, the sample was drawn
from a single university, limiting the generalizability to other
populations. Third, participant self-discipline and external
activities were not tightly monitored, which could have
influenced results. Future studies should consider using
randomized controlled trials with larger and more diverse
samples.

Conclusions

The twelve-week targeted soccer training intervention
significantly improved Yo-Yo intermittent recovery
performances, including accumulative distance, cumulative
time, and VO,max in young university-level soccer players.
Statistical analysis, supported by paired samples t-tests,
revealed substantial gains in post-test scores compared to
pre-test scores, highlighting the program’s effectiveness.
These improvements can be attributed to regular practice,
disciplined training regimens, and the players’ adherence
to the scheduled training program. These findings suggest
that university coaches can effectively implement structured,
periodized training interventions to improve aerobic
endurance in competitive players, even within academic
environments. The enhanced aerobic endurance, increased
stroke volume, and greater cardiac output resulting from
prolonged training contribute significantly to the observed
improvements in performance.

Furthermore, the study aligns with existing research
indicating that increased VO,max and enhanced aerobic
capacity are vital components of athletic performance, par-
ticularly in sports requiring intermittent and high-intensity
efforts, such as soccer. The positive outcomes of this training
protocol support its potential application in developing uni-
versity soccer players’ aerobic and endurance capabilities.

Future research should aim to explore the long-term
impact of varied training interventions on VO,max and
performance metrics, as well as the effects of individual
variability in response to training. Additionally, integrating
sport-specific drillsand monitoring physiological parameters
during training could further optimize the effectiveness of
targeted soccer training programs.
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BifHOBNEHHA Yy PpyTOONICTIB YHIBEPCUTETCHKOrO PiBHA

Tonman Yanppa Caxa'A“PE, Yanpman [llay "%, Bekip Epxan Opxan®A“P, IIpem Kymap Kapak'45€P,
Cwmpiti Mongan'45°P; Illantany Xanpep**P, Cyoxamric bicBac*®*“PE, bigs Poit'®P

'VuiBepcuter BicBa-bxapari

*CraMOy/IbChbKMIT YHIBepcuTeT AtijiiHa

’TapkecBapCcbKuil KOMEIK

*YuiBepcurer ICFAI

ABTOpPCHKMIT BKIAJ: A — Am3aitH gocmipkenHs; B — 36ip ganux; C — crarananis; D — migroroska pykormucy; E — 36ip komrtis

Pedepar. Crarts: 7 ¢., 3 Tabn., 8 puc., 28 mxepernt.

Icropis mutanna. Ipa y ¢pyrbon BuMarae BUCOKOI BUTPMBAIOCTI, MIBUAKOCTI Ta aepoOHOI 3[aTHOCTI, 1110 Bu3Havae ¢i-
3MYHY Hif[IOTOB/IEHICTh KTI0UOBUM (aKTOpoM pesynbratusHOCTi. Vio-Vlo Tect mepepupuactoro sinHosnenus pisusa 1 (Yo-Yo
Intermittent Recovery Test Level 1, YYIRI) € mocToBipHNMM ITOEOBUM TECTOM /1A OLIHKM 3a3HAYeHNX AKOCTel PyTOOMCTIB.

Mera gocmimxeHHs. Lle gocmipkeHHs MajIo Ha MeTi OLIIHNTY BIUIUB 12-TIDKHEBOI L{i/IbOBOI IPOrpaMu TpeHyBaHb 3 Gy ToOoIy
Ha aepoOHY BUTPUBAIICTh (yTOOMTICTIB-40/TOBIKIB YHIBEPCUTETCHKOTO PiBHSL.

Marepianu Ta MeTogm. Y JOCTIIPKEHHI 3aCTOCOBaHO KBasieKCIepyMeHTa/IbHMIT J3aliH MepeiTeCTOBOrO i MiC/IATeCTOBOrO
eTamiB 3a y4acTio 32 GpyTOO/iCcTiB-40/T0OBIKIB YHiBEpCUTETCHKOTO PiBHA (BikoM 17-25 pokiB), AKi HaBYamucsA B yHiBepcuTeTi BicBa-
bxapari (Visva-Bharati University). YyacHuku npoiimnm 12-TyKHeBY LiNIbOBY Iporpamy ¢yTOonbHIUX TpeHyBaHb. IlokasHUKI
aepoOHOI BUTPUBAIOCTI OL[iHIOBA/INCH 3a oroMoroio TecTy YYIRI, Akuit BU3Ha4aB aKyMy/lIbOBaHY AMUCTAHIIIIO, KyMYIATUBHUI
4ac Ta piBeHb MaKCMMa/IbHOTO CHOKMBAHHA KMcHIO (VO,max) mepey Ta mic/is 3aBepIlleHHs iHTepBeHIIil. AHaIi3 JaHNX IPOBOANB-
s i3 BUKOPUCTAHHAM t-KpUTepiiB JyIA MapHNUX BUOIPOK, piBeHb 3HAYYIIOCTI BCTAHOB/IEHO Ha MO3Ha1i p < 0,05.

Pesynbratu. Y nmocrintepBeHIiiiHoMy nepioni cepen 32 ¢yt6omicTiB-40/10BiKiB YHIBepCUTETCHKOTO PiBHS CHOCTEpPIramucs
3HAYHI MMOKpallleHHs MOKasHMKIB: aKyMy/IbOBaHOI AMcTaHLii (cepepHiit mpupict = 312,5 MeTpis, d = 1,70), KyMY/IATUBHOIO Yacy
(cepennitt mpupict = 2,54 xBununn, d = 1,80) ta VO, max (cepepHiit mpupict = 2,62 Mia/Kr/xB, d = 1,72), yci HOKa3HUKM CTAHOBUIN
p <0,001.

BucHoBKM. 3TiffHO 3 pe3ynbTaTaMy HOCTiPKEHHA BCTAaHOBIICHO, IO 12-TIHKHeBa IIiTboBa TPeHyBanbHa iHTepBeHIid 3 ByT-
00Ty CIIpusiIa CTaTUCTIYHO 3HAYYIOMY HOKpAIlleHHIO MOX/IMBOCTEN aepoOHOI BUTPUBaNOCTi Y pyTOOMICTIB yHIBEPCUTETCHKOTO
PiBHA, IIPO 110 CBifiYaTh IOJIINIIEHHA IOKa3HMKIB 3a pe3ynbraTamu TecTy Y YIRI.
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Abstract

Background. Reduced positional games (RPG) are considered as a recognized training method for developing the
physical, technical and tactical qualities of young footballers. They simulate real-life match situations, encouraging
frequent interaction with the ball and rapid tactical decisions. Adapted to the specific needs of players according to
their position, RPG contribute to improving physical fitness, game intelligence and team cohesion.

Objectives. The study aimed to assess the impact of RPG on players’ technical and tactical performance, comparing
them to standard training. It seeks to determine how RPG optimize key indicators such as possession, passing,
shooting, goals scored and error reduction, while exploring their influence on tactical synchronization and team

cohesion.

Materials and methods. The study involved 30 matches between five experimental teams and five control teams.
The protocol adopted a mixed factorial design, incorporating both between-subjects and within-subjects factors. The
between-subjects factor “Group” comprises two levels (experimental teams and control teams), while the within-
subjects factors “Match” (three successive matches) and “Playing system” (two tactical configurations: 1-3-2-1 system
and 1-2-3-1 system) make it possible to examine variations in performance indicators as a function of the playing

context.

Results. The results of this study showed that teams trained with RPG significantly improved their performance. Ball
possession increased by 24 %, completed passes by 106 %, and shots by 50 %. Furthermore, it was noted an increase of
43 % in goals scored, while passes lost and goals conceded decrease by 22.6 % and 29 % respectively. These benefits are
independent of the game system used, and JRP also enhances communication and synchronization between players.
Conclusions. RPG are an effective training tool for improving players’ technical and tactical performance. Applying

this approach increases possession, passing, shooting and goals scored, while reducing errors and goals conceded.
These findings offer promising prospects for coaches, bringing training methods into line with the demands of
modern soccer and fostering players’ individual and collective development.

Keywords: reduced positional games, system of play, training, technical, tactical, soccer.

Introduction

Positional short games are widely recognized as a
means of training young footballers to improve physical,
technical and tactical qualities. This training method
creates a competitive environment that simulates real match
situations, which is beneficial for the rapid development of
young players. Sessions structured around specific themes,
adapted to stimulate both the individual and collective

© Errama, M., Bassiri, M., Atifi, J., & Lotfi, S., 2025.
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development of players (Slaidin$ & Fernate, 2021). The
interaction of these games with different game systems
can potentially accelerate the acquisition of these essential
skills, by adapting exercises to the specific needs of players
according to their position and role in the team (Clemente
etal., 2021).

Small-group soccer matches are generally modified
versions of standard soccer matches designed to focus on
specific training objectives or to adapt the game to fewer
players. They are scaled-down versions of full soccer
matches, generally involving fewer players and often played
on smaller pitches. They are designed to increase player
engagement and opportunities to train on the tactical and
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technical aspects of the game (Clemente et al., 2021). In the
context of soccer training, RGP are used as a training tool to
develop players’ skills, decision-making abilities and fitness
in a more concentrated and intense environment (Castillo et
al., 2020). Matches in reduced positional configurations are
crucial in youth soccer for player development. They allow
young players to have more frequent contact with the ball
compared to full games, improving their ball-handling skills,
understanding of space and movement, and overall game
intelligence (Errama et al., 2024).

The physical aspect of reduced games manifests itself in
a significant increase in intensity linked to reduced playing
spaces (Martone et al., 2017), requiring quick reactions
and decisions. This higher intensity is compared to match
conditions, improving players’ overall fitness. In addition,
positionally adapted RGP allow specific physical aspects to
be targeted, such as endurance, speed and agility, which are
crucial for modern soccer (Barba et al., 2020). Arslan et al.
(2020) compared the effects ofhigh-intensity interval training
and short games on the physical and technical performance
of young soccer players. They observed that role-specific
exercises increase the intensity of physical activity, leading
to improvements in players’ anaerobic and aerobic capacity.
This ability to combine physical development with tactics
offers a double benefit, making RGP a particularly valuable
training tool.

In a confined space, the adoption of reduced play in
training programs for young footballers is an increasingly
common practice, recognized for its effectiveness in the
integrated development of athletic skills. This method
promotes accelerated learning through frequent interaction
with the ball and constant exposure to tactical decisions
(Dina, 2022). Players are forced to perfect technical skills
such as ball control, accurate passing, and the ability to
maintain possession under pressure. This helps them not
only to improve their individual performance but also to
synchronize their actions with those of the team, which is
crucial to their personal and collective technical development
(McCalman et al., 2021). Reduced play, characterized by
matches on smaller pitches and fewer players, intensifies
interactions with the ball and multiplies opportunities for
play, facilitating technical improvement and rapid decision-
making (Clemente et al., 2021).

Reduced games with position make it easy to learn
and experiment with different tactical configurations and
strategies. They encourage players to make quickand accurate
decisions, which improves their tactical understanding of
the game. These direct experiences enable players to adapt
quickly to changes in the game and better respond to tactical
challenges posed by opponents (Clemente et al., 2020).

Opverall, the integration of positional RGP into daily
training programs represents a comprehensive approach
to developing the key performance attributes required for
soccer excellence. In terms of performance of technical-
tactical actions, it has been concluded that older players
perform a greater number of collective technical-tactical
actions (Almeida et al., 2017; Borges et al., 2017; Costa et al.,
2010; Garcia et al., 2014; Moreira et al., 2020), while their
technical-tactical behaviors and group movement patterns
remained unchanged (Barnabé et al., 2016; Brito et al,,
2019a; Castellano et al., 2017; Martone et al., 2017; Moreira
et al., 2020).

Positional adaptations in training through RGP are not
limited solely to improving individual tactics, but also en-
compass the development of collective understanding and
team cohesion. Research by Gonzélez-Rodenas et al (2025)
has shown that training sessions structured around position-
specific game scenarios promote better synchronization of
movements between players, thus improving collective per-
formance during in-game transitions and defensive phases.

In addition, RGP also promote better communication
and understanding between players, which is essential for
executing complex strategies and adapting to changing
match dynamics. According to a study by Reyes, Lago-
Pefias, & Lago-Ballesteros (2023), the improvement in
intra-team communication resulting from these specialized
training sessions leads to greater tactical efficiency and better
resolution of game situations.

This study therefore aims to thoroughly evaluate the im-
pact of such training via RGP in interaction with different
playing systems on several soccer performance indicators, to
understand how they can be optimized to maximize both indi-
vidual and collective technical-tactical performance. The aim
is to provide coaches with clear guidelines on how to structure
their training sessions to meet the technical and tactical de-
mands of contemporary soccer, underlining the importance
of personalized and targeted approaches in sports training.

Materials and Methods

The present studyaimed to evaluate theimpact of training
with reduced games involving position play compared
to standard training on various soccer performance
indicators. The methodology employed is divided into four
complementary components, as detailed below.

Study Participants

The sample consisted of 10 teams (07 players per team
with goalkeeper) divided into two equal groups belonging
to the AMF soccer academy: five experimental teams
(positional games training) and five control teams (standard
training).

For three months, the experimental teams were trained
in two different systems (1-3-2-1 and 1-2-3-1) on a synthetic
pitch (58m/34m).

The control teams trained on fields of the same
dimensions as the experimental group. Both groups trained
3 times a week, each session lasting 75 minutes.

Players were selected according to inclusion criteria,
players aged 16, with an acceptable level of performance
and 3 years of competitive experience in the regional
league, training 3 sessions and playing one match per week,
in accordance with protocols previously described in the
literature on soccer performance analysis. Sampling was
carried out randomly among teams from recognized clubs,
thus guaranteeing comparability between the two groups
and controlling for potential confounding variables.

Study Design

The study involved 30 matches between five experimental
teams and five control teams. The protocol adopted a mixed
factorial design, incorporating both between-subjects and
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within-subjects factors. The between-subjects factor “Group”
comprises two levels (experimental teams and control teams),
while the within-subjects factors “Match” (three successive
matches) and “Playing system” (two tactical configurations:
1-3-2-1 system and 1-2-3-1 system) make it possible to
examine variations in performance indicators as a function
of the playing context. This design, enabling the analysis of
interactions between main effects and their combinations,
was chosen for its ability to explore several performance
dimensions simultaneously (Barbero-Alvarez et al., 2017).

Measurement Instrument

Soccer performance was assessed using an observation
grid operated by 4 experts. Thus, indicators collected
included ball possession, number of complete and lost passes,
number of shots, number of corners, and number of goals
scored and conceded (dependent variables). The reliability
of the measurements was ensured by repeatability tests and
prior training of the analysts, guaranteeing objective and
reproducible data collection.

Data Analysis

Data were analyzed using multivariate analysis of
variance (MANOVA) to simultaneously test the effect of
group (experimental vs. control teams), match and playing

system, as well as their interactions, on all performance
indicators (seven dependent variables). Multivariate tests
(Pillai’s Trace, Wilks’ Lambda, Hotelling’s Trace, and Roy’s
Greatest Root) were performed to assess the homogeneity
of main effects and interactions. In addition, univariate
analyses detailed the specific contributions of each dependent
variable, including reporting the sum of squares, calculated
F and partial n” as effect measures (Hair et al., 2010; Field,
2018; Tabachnick & Fidell, 2019). Post-hoc comparisons
were adjusted using Bonferroni’s method to control for type
I error rate in multiple testing. All analyses were performed
with a significance level set at 0.05.

Results

The multivariate analysis reveals a particularly
pronounced main effect of the group (Pillai’s Trace
= 0.972, F (7,42) = 206.106, p < 0.001, n%, = 0.972),
indicating that small-sided game training (experimental
teams) differs globally from standard training
(control team) across all performance indicators.
The univariate analyses confirm these significant differences
for several variables. For instance, ball possession is higher
in the experimental teams (mean = 110.70 %) compared
to the control team (mean = 89.27 %), representing a
relative increase of approximately 24 %. Similarly, the
number of completed passes is significantly improved in

Table 1. Means and standard deviations of soccer performance indicators according to the playing system and team group
across the three matches. The data are presented as means and standard deviations, derived from the aggregation of the
three matches for each combination of playing system and group (n = 15 matches)

Team Groups Groups des équipes

Experimental Teams (n=>5)

Control Teams (n=5)

Indicator
System 1-3-2-1 Systeme 1-2-3-1 System 1-3-2-1 System 1-2-3-1
(3 matches) (3 matches) (3 matches) (3 matches)
Ball Possession 110.73 £ 4.86 110.67 + 6.80 89.00 £5.33 89.53 £7.32
Completed Passes 119.47 +7.51 124.93 +4.95 58.73 £ 6.97 60.13 +8.10
Lost Passes 25.53 £5.04 2793 £591 3493 +£4.43 34.13 £ 4.47
Shots 6.47 + 3.66 4.27 £2.09 3.47 +1.30 3.67 £ 2.19
Corners 4.53 £ 1.36 3.53+£1.68 3.93+1.03 3.13+1.64
Goals Scored 2.27 £ 0.88 2.40 £ 091 1.47 £0.83 1.80 £ 1.01
Goals Conceded 1.47 £ 0.83 1.87 £0.99 2.27 +£0.88 2.40 £ 0.91

Table 2. Multivariate analysis of variance (MANOVA) of the effect of group (experimental teams vs. control teams), match,
and playing system, as well as their interactions, on the seven performance indicators

Effect Interactions of Effects
Indicator
Group PS Match GxSJ GxM MxSJ] GxMxSJ
Ball Possession 0,000 0,885 0,914 0,107 0,107 0,938 0,312
Completed Passes 0,000 0,063 0,715 0,174 0,174 0,566 0,282
Lost Passes 0,000 0,553 0,360 0,795 0,795 0,728 0,657
Shots 0,008 0,132 0,473 0,556 0,556 0,668 0,464
Corners 0,196 0,022 0,370 0,814 0,814 0,435 0,381
Goals Scored 0,004 0,312 0,013 0,642 0,642 0,670 0,826
Goals Conceded 0,005 0,247 0,014 0,588 0,588 0,757 0,861

Significant at p<0.05, PS. Playing System
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Fig. 1. Variation in game indicator scores for teams undergoing small-sided game training and those following standard training in two
playing systems (1-3-2-1; 1-2-3-1)

the experimental teams (mean = 122.20) compared to the
control team (mean = 59.43), corresponding to an increase
of nearly 106%. Conversely, the number of lost passes
decreases significantly by 7.80 units in the experimental
teams (mean = 26.73) compared to the control team (mean
= 34.53), representing a reduction of approximately 22.6 %.
Furthermore, the number of shots is significantly higher in the
experimental teams (mean = 5.37) than in the control team
(mean = 3.57), reflecting an approximate increase of 50 %.
Moreover, goals scored increase by 0.70 (mean = 2.33 vs. 1.63),
representing a relative improvement of approximately 43 %,
while goals conceded decrease by 0.67 units (mean = 1.67 vs.
2.33), corresponding to a reduction of approximately 29 %.
Regarding the effect of the playing system, multivariate
tests generally do not reveal a significant influence, with
the exception of the “corners” indicator. Univariate analysis

shows that the 1-3-2-1 system (mean = 4.23) produces
significantly more corners than the 1-2-3-1 system (mean
= 3.33), with a difference of 0.90, representing a relative
increase of approximately 27 %.

The effect of the match, evaluated over three games, does
not show significant variations for most indicators. However,
paired comparisons indicate significant differences for
goals scored and goals conceded between certain matches.
Specifically, the average goals scored is 2.45 in the first match
and 1.60 in the second match, a difference of 0.85, which
corresponds to a relative variation that can be interpreted
either as a decrease of approximately 34.7 % or, conversely,
as an increase of approximately 53.1 % if the value of 1.60 is
taken as the reference. A similar pattern is observed for goals
conceded, suggesting a comparable change in defensive
performance from one match to another.
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Finally, theinteractions (Group x Match, Group x Playing
System, Match x Playing System, and their triple interaction)
did not reach the significance threshold, indicating that the
impact of small-sided game training on soccer performance
is primarily attributable to the effect of the small-sided game
training itself and manifests homogeneously regardless of
the match or the playing system used.

These results suggest that small-sided game training
significantly improves several technical and tactical
performance indicators, particularly by increasing ball
possession, the number of completed passes, shots, and
goals scored, while reducing errors such as lost passes and
goals conceded. These observations will be discussed in the
following section.

Discussion

The results of this study highlight the significant impact
of Reduced games of position (RGP) in interaction with
playing systems on soccer performance, particularly in terms
of ball possession, passing accuracy, shots, and goals scored.
These findings confirm the effectiveness of RGP as a training
tool to improve players’ technical and tactical skills while
enhancing their ability to adapt to different match situations.

One of the most notable results of this study is the
significantincreaseinball possessionamongthe experimental
teams (110.70 %) compared to the control teams (89.27 %).
This 24 % improvement suggests that RGP promote better
ball control and an enhanced ability to dictate the pace of
the game. These results align with the work of Coutinho
et al. (2022), who demonstrated that RGP increase the
frequency of ball interactions, thereby improving players’
ability to maintain possession under pressure. Furthermore,
the reduction in lost passes (22.6 %) among the experimental
teams indicates that RGP also enhance passing accuracy and
decision-making under pressure, a crucial aspect of match
performance (Matos et al., 2023).

The number of completed passes increased dramatically
in the experimental teams (122.20 compared to 59.43 for the
controls), representing a 106 % increase. This improvement
can be attributed to the nature of RGP, which require con-
stant communication and quick coordination in confined
spaces (Lyons et al., 2021). These conditions simulate real
match situations, where players must make quick and precise
decisions. Furthermore, the reduction in lost passes (22.6 %)
confirms that RGP not only enhance the quantity but also the
quality of passes, which is essential for maintaining posses-
sion and creating offensive opportunities (Wang et al., 2022).

The experimental teams also showed a significant
increase in the number of shots (50 %) and goals scored
(43 %). These results suggest that RGP not only improve
build-up play but also the ability to finish offensive actions.
This improvement may be linked to the repetition of
finishing scenarios in realistic game conditions, which
reinforces players’ confidence and effectiveness in critical
areas (Basevitch et al., 2020). Additionally, the reduction
in goals conceded (29 %) indicates that RGP also enhance
defensive coordination by allowing players to better
anticipate defensive transitions and recover the ball more
effectively.

Although the main effect of the playing system was
not significant for most indicators, a notable exception

was corners. The 1-3-2-1 system generated significantly
more corners (27 %) than the 1-2-3-1 system. This could
be explained by the more offensive structure of the 1-3-2-1
system, which encourages players to attack wide areas and
force defenses to concede corners. These results highlight
the importance of adapting playing systems to specific
tactical objectives, particularly within the context of SSGs
(Clemente et al., 2021; Djaoui, 2017).

The analysis of performance over three consecutive
matches revealed significant variations in goals scored and
conceded. For example, goals scored decreased by 34.7 %
between the first and second match before rising again in
the third match. These fluctuations could reflect tactical ad-
justments or variations in players’ physical and mental form
during the study period. These results underscore the need
to account for performance variability when evaluating the
effects of training (Bazvand et al., 2020). In Reduced games
with position (RGP), in particular, the demand for ball cir-
culation in terms of speed and amplitude was similar to that
of professional matches. Longer possession time does not
seem to favor goals scored, according to the results. On the
other hand, a higher number of passes has a positive impact
on scoring. The data suggest that teams that recover the ball
in their defensive zone and string together a large number of
passes in a short time increase their chances of scoring (Taha
& Ali, 2023). Elements have been found that support the
need to use RGP in training, as they provide stimuli similar
to those players will encounter in professional settings in the
future (Teoldo da Costa & de Freitas Silvino, 2022).

The absence of significant interactions between group,
match, and playing system suggests that the benefits of RGP
are relatively stable and independent of the game context.
This indicates that RGP can be applied flexibly across
different playing systems and at different stages of the season
while maintaining their effectiveness (Sarmento et al., 2018).

The results of this study have important implications for
coaches.RGP can be used to improve ball possession, pass-
ing accuracy, chance creation, and defensive efficiency. Ad-
ditionally, their flexibility allows them to be integrated into
various playing systems, making them a versatile tool for
tactical training. However, it is important to note that RGP
must be tailored to the specific needs of players and teams,
taking into account their skill level and tactical objectives
(Hintermann et al., 2021). SSGs can play a significant role in
youth and adolescent team sports training, as they develop
multidimensional factors (e.g., technical/tactical and physi-
cal/physiological factors) (Fernandez-Espinola et al., 2020).

This study has some limitations, including the relatively
small sample size and the limited duration of the intervention
(three months). Future research could explore the long-term
effects of RGP on player performance, as well as their impact
on other aspects of the game, such as physical conditioning
and recovery. Additionally, it would be interesting to
investigate the effect of RGP on players of different skill
levels to determine whether their benefits are universal or
specific to certain groups.

Conclusions

In conclusion, this study demonstrates that Reduced
games with position are an effective tool for improving
the technical and tactical performance of soccer players.
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The results show a significant increase in ball possession,
completed passes, shots, and goals scored, as well as a
reduction in errors and goals conceded. These benefits are
independent of the playing system used, highlighting the
versatility of RGP as a training method. These findings offer
promising prospects for coaches seeking to optimize team
performance while developing the individual skills of their
players.
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Icropia nuranusa. PegykoBani nmosuniiiai irpu (PIII) posrisafaoTbes AK BU3SHAHMIT METOJ] TPEHYBAHH:A I PO3BUTKY i-
3UMYHUX, TEXHIYHUX i TAKTUIHUX IKOCTEN IOHUX (1)yT6OJ'IiCTiB. Bonu iMiTy0Th irpoBi cuTyalii peaqTbHOr0 MaT4dy, 3a0X09yI0UM O
9acTOi B3a€MOJIi 3 M'sT4eM Ta MIBU/IKOTO yXBaJIeHHA TAKTUYHIUX pillleHb. ATaNTOBaHi 0 KOHKPETHMX ITOTPel rPaBLiB BifJIIOBiTHO
1o ixupol nosuiii, PITI cnipusioTh MOKpaleHHIO piBHA Gi3NIHOI MiTOTOBKY, IrPOBOTO iHTE/NIEKTY Ta KOMaHIHOI 3TYPTOBAHOCTI.

Merta gocnimkenns. [JocnimkenHa Mano Ha MeTi oninnty Brms PIII Ha mOKasHMKM TeXHIKO-TaKTMYHOI Pe3y/IbTaTMBHOCTI
TpaBIIiB, HOPiBHIOOYM IX BUKOPJMCTAHHS i3 [IPOBEIeHHAM CTaHAAPTHUX TPeHyBaHb. [IpescTaBieHa po6oTa CipsAMoOBaHa Ha B3Ha-
YeHHA LIAXIB ONTUMIi3allii K/II0YOBUX IOKA3HUKIB, AK-OT BOJIONIHHA M sI4eM, BUKOHAHHSA T1aciB 1 yHapiB, KilIbKiCTb 3a06UTUX TONiB
Ta 3MEHIIEHHA KiIbKOCTi moMmIok yepe3 BukopucrannsaA PIII, a Tako>x BMBYEHHSA IXHHOTO BIUIMBY Ha TaKTUYHY CMHXPOHi3alilo
Ta KOMaH/JHy 3TypTOBaHiCTb.

Marepianu Ta MeTopu. JOCTimKeHHs BKIOYAIO IpoBefeHHs 30 MaT4yiB MDK ITATbMa €KCIIepMMEHTAIbHUMMA Ta I ATbMa
KOHTPOJIbHMMU KOMaHJaMM. Y IPOTOKOJI 3aCTOCOBAHO 3Milranmii (pakTopia/IbHMIL AM3aliH, 1110 BK/IIOYAE K MDKCYO €KTHI, Tak i
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irpoBOro KOHTEKCTY.

PesynbraTi. PesynbraTu [OCTIIPKEHHA NIPOAEMOHCTPYBaIM, IO KOMAH/M, AKi TpeHyBanucs 3a Metopukowo PIII, sHauno
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TOT'O X CIIi/TbHA PeYKOBAHa IIO3MIIis MOKPALTYE KOMYHIKAIil0 Ta CMHXPOHI3aIlil0 MiXK TPaBLIsAMM.

BucnoBku. PIII € epeKTMBHUM TpeHYBaIbHUM IHCTPYMEHTOM I/ MOMIIIIIeHH TOKA3HNKIB TeXHIYHOI Ta TAKTUYHOI Pe3yIib-
TaTMBHOCTI IPaBIiiB. 3aCTOCYBAaHHsI BKa3aHOTO MiIXOAY MiABUIIYE PiBeHb BOTIOAIHHS M si4eM, BUKOHAHH;I ITACiB Ta yAApiB, a TAKOX
KiZIbKiCTDb 3a6MTHX TOJIiB, BOJHOYAC 3MEHIIYIOYM Ki/TbKiCTb IIOMIUJIOK i TIpoNyIeHNX M s14iB. OTpuMaHi pe3y/nbTaTi BifKpUBaOTh
IIMPOKI IepCIIeKTUBY /ISl TPeHepiB, 3a0e3Meuyody IPUBEEHHs TPEeHYBATbHIX METOAIB Y BiIIOBIZHICTD /JO BUMOT Cy4acHOTO
¢dyTbONy Ta CipyAYY iHAMBINYaTbHOMY i KOIEKTUBHOMY PO3BUTKY I'PaBIIiB.

KirouoBi coBa: pefiykoBasi mosuuiiHi irpy, cucrema rpu, TpeHyBaHHsA, TEXHIYHMIL, TAKTUIHMI, QYTOOL.

Information about the authors:

Errama, Mostafa: mostafa.errama@enscasa.ma; Multidisciplinary Laboratory in Education Sciences and Training Engineering
(LMSEIF). Sport Science Assessment and Physical Activity Didactic. Normal Higher School (ENS-C), Hassan II University of
Casablanca, Morocco.

Bassiri, Mustapha: m.bassiri@enscasa.ma; https://orcid.org/0000-0002-1077-8057; Multidisciplinary Laboratory in Education
Sciences and Training Engineering (LMSEIF). Sport Science Assessment and Physical Activity Didactic. Normal Higher School
(ENS-C), Hassan II University of Casablanca, Morocco.

Atifi, Jaafar: jaafaratifil @gmail.com; https://orcid.org/0009-0006-6338-1834; Multidisciplinary Laboratory in Education Sciences
and Training Engineering (LMSEIF). Sport Science Assessment and Physical Activity Didactic. Normal Higher School (ENS-C),
Hassan II University of Casablanca, Morocco.

Lotfi, Said: lotfisaid@gmail.com; https://orcid.org/0000-0002-0008-6145; Director of the Multidisciplinary Laboratory in
Education Sciences and Training Engineering (LMSEIF). Responsible for the sports science Assessment and physical activity
didactics research team. Higher education professor at Normal Higher School (ENS-C), Hassan II University of Casablanca,
Morocco.

Cite this article as: Errama, M., Bassiri, M., Atifl, J., & Lotfi, S. (2025). Assessing the Efficiency of Reduced Positional Games in
Soccer: A Multivariate Analysis of Technical and Tactical Indicators According to Different Playing Systems. Physical Education
Theory and Methodology, 25(3), 625-632. https://doi.org/10.17309/tmfv.2025.3.19

Received: 20.03.2025. Accepted: 28.04.2025. Published: 30.05.2025

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

632



Physical Education Theory and Methodology
Teopia Ta MeToAanKa $pi3MYHOr0 BMXOBaHHA

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

Original Scientific Article

From Pitch to Console: Exploring the Role of Football
eSports in the Development of Young Footballers

Rosario Ceruso’**48PE, Genoveffa De Cesare'**"%, Arben Kagurri*AB¢PE,

Agron Kasa***“PF and Giampiero Merati>BCPE

'University of Pegaso

*University of Verona

*Pegaso University of Naples

*Sports University of Tirana

’IRCCS Fondazione Don Carlo Gnocchi
*University of Insubria

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

Corresponding Author: Rosario Ceruso, e-mail: rosario.ceruso@univr.it

Accepted for Publication: May 6, 2025
Published: May 30, 2025

DOI: 10.17309/tmfv.2025.3.20

Abstract

Objectives. The study aimed to analyse the impact of football eSports on the perceptions of young footballers,
focusing on the key components, namely motivation, technical and tactical skill development, and career choices in

the football context.

Materials and methods. Forty-two young footballers playing both traditional football and football videogames
took part in the study. Participants were administered an ad hoc questionnaire divided into three sections: sample
identification, impact of eSports on aspirations and perspectives, and relationship between digital and traditional
practice. Statistical analysis included Fisher’s exact test and Chi-square.

Results. The results show that 57.1 % of subjects reported an increase in motivation, especially in adolescence.
Furthermore, 73.9 % perceived an improvement in football-related cognitive skills, with a positive influence on
actual performance (69 %). Significant relationships were observed between hours spent playing videogames and the
perceived enhancement in cognitive skills (p = .001), motivation (p =.032) as well as the influence on career choices

of the latter (p = .010).

Conclusions. It is clear from the study that football eSports offer a valuable support to the traditional sporting
pathway by stimulating motivation and tactical skills. In addition, this sport of the digital generation can be
integrated into the training of young footballers to foster their development and achievement.

Keywords: cognitive skills, football, videogames, questionnaire.

Introduction

The official recognition of eSports by the International
Olympic Committee (IOC) on 28 October 2017 marked a
major turning point in the global sporting landscape (Inter-
national Olympic Committee, 2017). Furthermore, the IOC,
in cooperation with several international sports federations,
organised the first official demonstration event called Olym-
pic Esports Week, held in 2023 in Singapore. This event rep-
resented a significant step in the integration of eSports into

© Ceruso, R., De Cesare, G., Kagurri, A., Kasa, A., & Merati, G.,
2025.

@ PETM
/ LLCOVS

the mainstream Olympic context, highlighting the growing
recognition of eSports as a structured and regulated form
of competition (Hallmann & Giel, 2018). The IOC subse-
quently announced that the first eSports Olympics will be
held in Saudi Arabia in 2025, in line with the growing focus
on the development of eSports globally, both as a cultural
phenomenon and as an economic opportunity (Taylor, 2012).
To this end, the IOC and Saudi Arabia signed a 12-year co-
operation agreement, which could act as a catalyst for fur-
ther development and investment in eSports, not only in the
Middle East region but also on an international scale (Jenny
etal., 2017). This historic decision opened the door to several
virtual competitions involving millions of fans worldwide
(Scholz & Barlow, 2019). The eSports represent a cultural and
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sporting revolution that could offer several benefits to young
athletes (Sannicandro & Raiola, 2021). Firstly, the practice of
eSports requires the development of cognitively loaded motor
skills that relate to strategic thinking, decision making, prob-
lem solving and hand-eye coordination (Beres & Klarkows-
ki, 2024). Studies conducted by Himmelstein et al. (2017)
have shown that professional eSports players possess reac-
tion times like those of traditional elite athletes, highlighting
the intense cognitive training required by these sports. These
skills not only improve performance in virtual games but can
be transferred to other every day and sporting activities that
are also cognitively loaded (Giardullo et al.,2024), also in-
creasing understanding of game rules (D’Isanto et al., 2021).
Furthermore, eSports promote core values such as discipline,
perseverance and teamwork (DiFrancisco-Donoghue et al.,
2022). A longitudinal study by Trotter et al. (2020) found
that young participants in eSports develop higher levels of
self-control and stress management, qualities often neglected
in traditional sports. Young athletes participating in eSports
competitions often have to train consistently, set goals and
work together with their teammates to achieve success (Na-
gorsky & Wiemeyer, 2020; Raiola, 2015). These training ele-
ments are crucial for personal development, helping to create
more resilient, resilient and determined individuals (Esposi-
to, 2024; Raiola, 2017). The expansion of eSports has also had
a significant impact in terms of inclusiveness and accessibil-
ity (Biafecki et al., 2023). Unlike sports, which can require
considerable physical and financial resources, eSports offer a
growing number of young people the opportunity to compete
globally with a relatively modest investment (dos Santos et
al,, 2018). According to Witkowski (2012), access to eSports
represents a cultural revolution, as it allows players from dis-
advantaged areas to enter world-class competitions, reducing
the inequalities present in traditional sports. This democra-
tisation of sport allows talent to emerge regardless of their
socio-economic background (Esposito et al., 2020a). Among
the most popular and most played videogames are football
videogames, which not only evoke the enthusiasm of the
crowds in real stadiums but have evolved into a highly tech-
nological and competitive form of entertainment and compe-
tition, where anyone can reproduce traditional game actions
in the virtual environment (Hetrick & Crecelius, 2024). Such
videogames not only faithfully recreate the experience of the
traditional game but also serve as tools that can enhance the
tactical and strategic component of players (Mazza, 2021).
Athletes can use these platforms to analyse different game
situations, experiment with formations and strategies, and
improve their overall view of the field (Esposito et al.,2020b).
These videogames can also stimulate interest in playing tradi-
tional football (D’Elia, 2023). Many young people, attracted
by the virtual game experience, may be inspired to try football
on the field, discovering a passion for the sport that may not
otherwise have been explored (McNulty et al., 2023). At the
same time, in the current context of football practitioners,
there is growing uncertainty regarding the choice between the
traditional practice of football and the opportunity offered
by football eSports. This situation raises questions about the
impact that the practice of football eSports may have on the
career aspirations, application of technique and tactics, moti-
vation and cognitive abilities of young football practitioners.
Purpose of the research — the present study seeks to in-
vestigate the impact of football eSports on the perceptions

of young football players. Specifically, it explores how virtual
football practice may influence their motivation, technical and
tactical development, and career choices within the sport. By
examining these dimensions, the study aims to contribute to a
deeper understanding of the intersection between traditional
and digital sports practices in youth athlete development.

Materials and Methods

Study Participants

Forty-two football athletes participated in the study,
of which 29 males and 13 females, ranging in age from
5 to 19 years. The choice of such a heterogeneous sample
was motivated by the desire to investigate how the use
of videogames for recreational purposes can influence
athletes with different demographic and developmental
characteristics, better reflecting the diversity of the young
football players population. All participants were involved
in football activities, belonging to youth sections of different
sports clubs. This variety was considered a strength, as it
allows for the exploration of differences and similarities in
the approach to videogames in relation to the football context.
For younger athletes (5-8 years and 9-12 years), the support of
parents or legal guardians was required, both for participation
and for understanding the instructions given during the study.

Study Organization

The sampling method used in this study was a
convenience sampling strategy, based on the accessibility
and availability of participants who were already involved
in football activities through various youth clubs. After
choosing the target population, data collection was carried
out taking into account both the methodological implications
and the available economic and human resources. Based
on this, it was decided to administer a questionnaire, the
drafting of which was based on the conceptual dimensions
and related indicators identified during the definition of
the research objective and on the outcomes of the specific
literature review. An ad hoc questionnaire was developed
via Google Forms and sent to the study participants via
e-mail and social media. The questionnaire is structured in
15 questions, divided into three parts or sections. The first
part of the questionnaire is dedicated to the identification
of the sample of participants, gathering information that is
fundamental to the context of the study. In the second part,
the focus is on analysing the impact of football videogames
on young footballers’ aspirations and perspectives, exploring
how interest in gaming can influence their sporting choices
and ambitions. Finally, the third part of the questionnaire
focuses on the relationship between football videogames
and actual football practice, examining whether and how the
experience in digital games can interact with physical activity
and traditional competitions. Prior to the main research
phase, a pilot phase was conducted with a small group of
participants to assess and optimise the clarity and relevance
of the questionnaire questions. The feedback gathered during
this phase guided targeted changes that led to the final version
of the questionnaire. The questionnaire is depicted in Table 1.

All subjects gave their informed consent for inclusion
before participating in the study. The study was conducted
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Table 1. Questionnaire submitted to athletes

Questions: Answer 1 Answer 2 Answer 3 Answer 4
1. In what age range do you place yourself? 5-8 years old 9-12 years old 13-16 years old From 17 years
upwards
2. Gender: Male Female
3. How long have you been playing football? Less than a year 1-3 years 3-6 years More of 6 years
4. Do you play or have you ever played football Yes No
videogames (at least once in your life)?
5. If yes, how much time do you spend, on average, Less than an 1-3 hours 3-6 hours More than 6
each week on football videogames? hour hours
6. Do you feel that playing football videogames For Nothing Alittle Fairly Very
positively influences your motivation to play
football?
7. Inyour opinion, has playing football videogames For Nothing A little Fairly Very
improved your football-related cognitive skills
(e.g. game vision, timing, strategy)?
8. Have you ever considered a professional career Yes No
in football eSports?
9. What is your main objective in playing football For pure To improve my To improve my
videogames? enjoyment technical skills in tactical skills
traditional football in traditional
football
10. Do you think playing football videogames can For Nothing A little Fairly Very
influence your career choices in football?
11. What is your overall assessment of the effect of Very Negative Negative Positive Very Positive
football videogames in youth sports?
12. Do your parents limit the time you can spend No, not at all Not very much Yes, a little Yes, a lot
playing football videogames?
13. Do you enjoy playing traditional football or Traditional Football video Both equally
football videogames more? football games
14. Do you think football videogames help you learn For Nothing A little Fairly Very
new tactics that you can use during traditional
matches?
15. How important do you think it is to balance For Nothing Alittle Fairly Very

time between playing football videogames and
exercising?

in accordance with the Declaration of Helsinki. According
to Regulation (EU) 536/2014 and Directive 2001/20/EC,
research that poses minimal risks to participants may be
exempt from formal ethical review as it does not involve
invasive or experimental interventions. Furthermore,
according to Legislative Decree No. 211 of 24 June 2003,
research that does not entail significant risks and is aimed
solely at improving teaching practices.

Statistical Analysis

To validate the questionnaires, internal consistency was
first assessed by means of Cronbach’s a coeflicient and the
corresponding 95 % confidence intervals (CI). A Cronbach’s
a of 1 indicated perfect reliability, while a threshold value of
0.70 indicated acceptable internal consistency. Subsequently,
the descriptive statistics were represented in percentages
(%), reflecting the distribution of responses for each of
the fifteen questions in the questionnaire. To examine the

relationships between categorical variables and determine
their significance, Fisher’s exact test was used, chosen for its
effectiveness in analysing non-parametric and small sample
size data. The analysis was conducted using the Statistical
Package for Social Science software (IBM SPSS Statistics for
Windows, version 25.0, IBM, SPSS Inc., Armonk, NY, USA).

Results

Once the questionnaire was administered, the answers
to it were analysed. This is shown in Table 2.

From the answers given by the sample to the
questionnaire, it can be seen that 45.2 % are in the age range
13-16 years, 26.2 % from 17 years upwards, 19 % in the range
9-12 years and finally 9.6 % in the range 5-8 years. Of this
sample of athletes, 69 % are male and the remaining 31 %
female. To question 3 ‘How long have you been playing
football?” 45.2% answered more than 6 years, 28.6%
from 1-3 years and the remaining 26.2% from 3-6 years.
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Table 2. Questionnaire responses

Questions: Answer 1 Answer 2 Answer 3 Answer 4
1. In what age range do you place yourself? 5-8 years old 9-12 years old 13-16 years old From 17 years
upwards
Frequency 4 8 19 11
Percentage 9.6% 19% 45.2% 26.2%
2. Gender: Male Female
Frequency 29 13
Percentage 69 % 31%
3. How long have you been playing football? Less than a year 1-3 years 3-6 years More of 6 years
Frequency 0 12 11 19
Percentage 0 28.6% 26.2% 45.2%
4. Do you play or have you ever played football Yes No
videogames (at least once in your life)?
Frequency 42 0
Percentage 100 % 0
5. Ifyes, how much time do you spend, on average, Less than an hour 1-3 hours 3-6 hours More than 6 hours
each week on football videogames?
Frequency 13 10 14 5
Percentage 31% 23.8% 33.3% 11.9%
6. Do you feel that playing football videogames For Nothing Alittle Fairly Very
positively influences your motivation to play
football?
Frequency 2 10 24 6
Percentage 4.8% 23.8% 57.1% 14.3%
7. Inyour opinion, has playing football videogames For Nothing Alittle Fairly Very

improved your football-related cognitive skills (e.g.
game vision, timing, strategy)?

Frequency 1 10 18 13
Percentage 2.4% 23.8% 42.9% 30.9%
8. Have you ever considered a professional career in Yes No
football eSports?
Frequency 16 26
Percentage 38.1% 61.9%
9. What is your main objective in playing football For pure enjoyment To improve my  To improve my
videogames? technical skills in  tactical skills in
traditional football traditional football
Frequency 21 6 15
Percentage 50% 14.3% 35.7%
10. Do you think playing football videogames can For Nothing Alittle Fairly Very
influence your career choices in football?
Frequency 8 9 20 5
Percentage 19% 21.4% 47.6% 11.9%
11. What is your overall assessment of the effect of Very Negative Negative Positive Very Positive
football videogames in youth sports?
Frequency 2 1 26 13
Percentage 4.8% 2.4% 61.9% 30.9%
12. Do your parents limit the time you can spend No, not at Not very Yes, a Yes, a lot
playing football videogames? all much little
Frequency 17 4 17 4
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Table 2 (continued)

Questions: Answer 1 Answer 2 Answer 3 Answer 4
Percentage 40.5% 9.5% 40.5% 9.5%
13. Do you enjoy playing traditional football or traditional football ~ Football video Both equally
football videogames more? games
Frequency 21 4 17
Percentage 50 % 9.5% 40.5%
14. Do you think football videogames help you learn For Nothing A little Fairly Very
new tactics that you can use during traditional
matches?
Frequency 5 29 7
Percentage 2.4% 11.9% 69 % 16.7 %
15. How important do you think it is to balance For Nothing A little Fairly Very
time between playing football videogames and
exercising?
Frequency 2 8 31
Percentage 2.4% 4.8% 19% 73.8%
Table 3. Relationship between questions
Questions p-Value
5. Ifyes, how much time do you spend, on average, each week on football videogames?
7. Inyour opinion, has playing football videogames improved your football-related cognitive skills (e.g. game 001
vision, timing, strategy)?
6. Do you feel that playing football videogames positively influences your motivation to play football? 032
5. If yes, how much time do you spend, on average, each week on football videogames? '
6. Do you feel that playing football videogames positively influences your motivation to play football? 010

10. Do you think playing football videogames can influence your career choices in football?

Continuing with question 4 ‘Do you play or have you ever
played football videogames (at least once in your life)?’ It was
found that 100 % of the sample responded with yes. Question
5 ‘If yes, how much time do you spend on average, each week
on football videogames?” 33.3 % responded with 3-6 hours,
23.8% with 1-3 hours, 31 % with less than an hour and the
remaining 11.9 % with more than 6 hours. Subsequently to
question 6 ‘Do you feel that playing football videogames
positively influences your motivation to play football?’ it
turns out that 57.1% responded fairly, 23.8 % with a little,
14.3 % with a lot and the remaining 4.8 % with not at all. In
question 7 ‘In your opinion, has playing football videogames
improved your football-related cognitive skills (e.g. game
vision, timing, strategy)?’ 42.9 % answered fairly, 30.9 %
answered very, 23.8% answered a little and the remaining
2.4% answered for nothing. In question 8 ‘Have you ever
considered a professional career in football eSports?’
61.9% answered no, 38.1% answered yes. Continuing
with question 9 ‘What is your main objective in playing
football videogames?’ 50 % answered for pure enjoyment,
35.7 % answered to improve my tactical skills in traditional
football and the remaining 14.3 % answered to improve my
technical skills in traditional football. Question 10 ‘Do you
think playing football videogames can influence your career
choices in football?’ 47.6 % answered fairly, 21.4 % answered
a little, 19 % answered for nothing and the remaining 11.9 %
answered a very. Subsequently to question 11 “What is your
overall assessment of the effect of football videogames in

youth sports?” 61.9% responded with positive, 30.9 % with
very positive, 4.8 % with very negativeand the remaining 2.4 %
with negative. In question 12 ‘Do your parents limit the time
you can spend playing football videogames?’ for the answers
yes a little and no, not at all answered 40.5% respectively,
while for not very much and yes, very much answered 9.5 %
for each question mentioned. In question 13 ‘Do you enjoy
playing traditional football or football videogames more?’
50% responded with traditional football, 40.5% with both
equally, and only 9.5 % with football videogames. In question
14 ‘Do you think football videogames help you learn new
tactics that you can use during traditional matches?” 69 %
answered fairly, 16.7 % answered very, 11.9% answered a
little and the remaining 2.4 % answered for nothing. Finally,
to question 15 ‘How important do you think it is to balance
time between playing football videogames and exercising?’
73.8 % responded with alot, 19 % with fairly, 4.8 % with a little
and the remaining 2.4 % with for nothing. With Chi-Quadro
analysis, several qualitative relationships were found. First,
there is a significant relationship between the question 5 ‘If
yes, how much time do you spend, on average, each week on
football videogames?” and question 7 ‘In your opinion, has
playing football videogames improved your football-related
cognitive skills (e.g. game vision, timing, strategy)?, with a
p =.001. The second significant relationship found is between
question 6 ‘Do you feel that playing football videogames
positively influences your motivation to play football?’
and question 5 ‘If yes, how much time do you spend on
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average, each week on football videogames?” with p = .032.
An additional significant relationship was found between
question 6 ‘Do you feel that playing football videogames
positively influences your motivation to play football?” and
question 10 ‘Do you think playing football videogames can
influence your career choices in football?” with P=.010. This
is represented in Table 3.

Discussion

The results show that 100 % of the participants have
played football videogames at least once in their lives, with a
significant distribution of the time spent playing such games:
33.3 % play for 3-6 hours per week, 23.8 % for 1-3 hours, 31 %
for less than an hour and 11.9 % for more than 6 hours. These
datareflect the deep integration of videogames in the daily life
of young athletes, in line with global trends in contemporary
youth culture. Importantly, 57.1 % of the respondents believe
that playing football videogames positively influences their
motivation to play traditional football. This suggests that
videogames can act as a motivational element, providing
a complementary experience that enriches interest in
traditional football. This phenomenon can be explained
through self-determination theory, whereby activities that
fulfil the needs for competence, autonomy and relationships
can increase intrinsic motivation (Ryan & Deci, 2000).
Football videogames, with their dynamics of challenge
and progression through levels of difficulty, can satisty the
need for fun, while online communities can satisfy the need
for relationships, thus also reinforcing the motivation to
play traditional football through the transfer of individual
and team tactical skills and decision making. The overall
perception of the effect of football videogames in the youth
sport context is predominantly positive. However, a small
minority expressed negative opinions, indicating a concern
about the potentially negative effects of videogames. These
countervailing opinions are in line with the literature
discussing both the benefits and risks associated with
videogames and align with sociometric statistical trends. On
the one hand, studies suggest that videogames can improve
several cognitive and psychological skills, such as problem
solving and hand-eye coordination (Granic et al., 2014).
On the other hand, there are concerns about addiction to
videogames and the negative impact on psychophysical
health, especially if the use of videogames replaces physical
activity (Anderson et al., 2017). There is broad recognition
of the positive balance between videogaming and sports
activity. Videogames can highlight positive football role
models, but excessive gaming may lead to addiction,
whereas regular physical activity helps counteract sedentary
behavior, as noted by Biddle and Asare (2011). The Chi-
Square analysis showed a significant relationship between
weekly time spent playing football videogames and
perceived improvement in football-related cognitive skills
with a p =.001. This result suggests that the more time young
athletes spend playing football videogames, the more they
perceive an improvement in their cognitively charged motor
skills Previous studies support this connection, indicating
that videogames, particularly action games, can improve
specific cognitive skills, such as the ability to process visual
information and decision-making (Bavelier et al., 2012).
The results of this study align with this evidence, with more

than 70 % of participants perceiving an improvement in
their cognitive skills using videogames. These data reinforce
the idea that videogames may represent an opportunity to
develop skills that are also transferable to the traditional
sports context, confirming previous observations that digital
games promote strategic thinking and problem-solving. In
the context of football games, these skills could translate
into a better understanding of game tactics and a greater
ability to anticipate the tactical choices of opponents.
Another significant relationship is between the perception
that football videogames positively influence motivation to
play football and the time spent playing football videogames,
with a p = .032. This suggests that more time spent playing
football videogames is associated with a greater perceived
increase in motivation to play traditional football, and this
finding dispels the common notion that virtual activity harms
traditional activity. Engagement in football videogames could
strengthen the desire to improve one’s skills in traditional
footballaswell,actingasabridge between virtual and traditional
physical activity. Finally, there is a significant relationship
between the perception that football videogames positively
influence motivation to play football and the perception that
videogames can influence career choices in football, with a
p = .010. This indicates that participants who believe football
videogames increase their motivation are also more likely to
believe that such games can influence their career decisions in
football. This relationship is particularly relevant in the context
of videogames, where increasing professionalization and
economic attractiveness may lead young people to consider
alternative career paths in eSports. The literature suggests that
positive experience in videogames may lead young people
to explore professional opportunities in this emerging field
(Hamari & Sjoblom, 2017).

Practical Implications

The results of this study offer valuable insights for coach-
es, educators, and sports clubs involved in youth football.
Football videogames appear to support the development
of cognitive and motivational aspects related to traditional
football, offering a potential tool for engagement, especially
among younger or less active athletes. Integrating controlled
gaming sessions into sports education programs could en-
hance tactical awareness and decision-making. Additionally,
understanding the dual role of football videogames as both
entertainment and skill-enhancement can help clubs devel-
op more holistic training strategies that reflect the evolving
interests of digital-native athletes. Moreover, clubs and fed-
erations could leverage the positive perception of eSports
to promote balanced and structured use of videogames, re-
inforcing their value as a complementary rather than com-
petitive activity to physical sport. Recognizing eSports as
part of the broader sporting culture may also open up new
communication channels between clubs and youth players,
increasing engagement and retention.

Limitations of the Study

This study presents several limitations that should be
acknowledged. Firstly, the relatively small sample size limits
the generalizability of the findings. Future studies should
include larger and more diverse samples to validate the
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observed trends across broader populations. Secondly, the
use of a convenience sampling method and the subjective
nature of the self-reported data introduce potential biases,
such as social desirability or misinterpretation of questions.
Another critical limitation is the aggregated analysis of
responses, which may overlook important differences
between demographic subgroups (e.g., age, gender, football
experience). Additionally, the questionnaire relied on
participants’ self-perception, which may not accurately
reflect actual cognitive or motivational outcomes. Finally,
varying levels of cognitive and educational development
among participants may have influenced their understanding
and interpretation of the questions, particularly among
the youngest athletes.Further research could incorporate
objective measurements of cognitive-motor performance
and more detailed subgroup analysis to refine and expand
upon these preliminary findings. Expanding the study across
different geographic regions and club contexts would also
help assess the broader applicability of the insights gained.

Conclusion

The results clearly indicate that football videogames
exert a significant influence on aspects such as motivation,
development of technical and tactical skills, and career
choices, highlighting both opportunities and challenges. The
emergence of significant correlations between time spent
playing football videogames and perceived improvements
in cognitive and motivational skills underlines the potential
of these digital tools in supporting the development of skills
that are also useful in traditional football. In particular, the
game dynamics present in football videogames, such as the
simulation of tactical and decision-making situations, offer
a unique opportunity to hone skills such as game vision,
decision making and responsiveness on the pitch. In light
of these findings, it is possible to envisage targeted practical
applications, such as the controlled integration of football
videogames into youth training programmes, to develop
individualand team tactical skillsina simulated environment.
A completion of the study could further test the correlation
hypothesis between tactical and cognitive skills developed
through videogames and their transfer to the field. This
could include practical field tests to measure improvement
in game vision, quick decision-making and responsiveness
in traditional game situations. It is also essential to promote
a balanced use of videogames, integrating physical activity
and social and cognitive development through practices
that balance the benefits of videogames with the potential
risks. Educational and training approaches for coaches and
young athletes could maximise the benefits of eSports as a
complementary tool in sports preparation, helping to build
comprehensive and sustainable development paths.
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Ha wnaxy Big ¢yT60nbHOrO NONA A0 irpoBOI KOHCONI: BUBUEHHA
poni pyT60nbHOrO KibepcnopTy B po3BUTKY IOHUX PpyTOONICTIB

Po3zapio Cepyso>**B<PE, [;keHoBedda [le Yesape'ABCPE,
Ap6en Kauyppi*A®PE, Arpon Kaca**B<PE, Taiimm’epo Mepari>®ABCPE

'VuiBepcurer Ileraco

*YuiBepcureT Beponn
*YuiBepcurert Ileraco B Heamoni
*CriopTrBHMII YHiBepcuTeT Tupann
*@onp IRCCS ona Kapno Hpokki
SYuiBepcuret IHcyOpii

ABTOpPCHKMIT BKTA: A — am3aitH gocnipkeHHs; B — 36ip ganux; C — crarananis; D — migroroska pykormucy; E — 36ip kowtis

Pedepar. Crarra: 9 c., 3 Tab., 31 mxepero.

Merta gocnimxeHHs. MeToo focmimKeHH s 6y/10 IpoaHaisyBaty BIUIMB GyTOONIBHOrO KibepcropTy Ha piBeHb CIIPUITHATTS
10HUX (YTOOMICTIB, 30CepeANBIIICH HA KTIOYOBIX KOMIIOHEHTAX, a CaMe: MOTHBAIIil, PO3BUTKY TEXHIYHNX i TAKTUYHIX HABUYOK

ta B16opi Kap’epn y GpyTOOIBHOMY KOHTEKCTI.

Marepiamu Ta MeToaM. Y JOCT/PKeHH] B35/ ydacTb 42 1oHi GyTOOMicTH, 5AKi IPpal0Th AK y TpaguLiliHmit Gpyrodos, Tak iy
¢byT60/bHI Bigeoirpn. YuacHnkaM 6y/10 3arpornoHOBaHO clelianpHuit onutysansHuk (ad hoc questionnaire), pospiennit Ha Tpu
JacTUHU: inenTn(iKaLis BubipKim, BIVIMB KibepCIIOpTY Ha IIparHEeHHs Ta MePCIeKTUBM, a TAKOX B3a€EMO3B A30K MK LU(POBOIO
Ta TPAANIITHOKI IPaKTNKO0. CTaTUCTMYHUI aHaTi3 BK/I0YaB ToYHMIT TecT Pimepa ta Kpurepiit xXi-kBazpar.

Pesynbraru. PesynbraTy nokasyorp, mo 57,1 % foCIipKyBaHNX TOBIZOMIIN PO MiABUILEHHA MOTUBALI, 0co6mMBO y oci6
nipitkoBoro Biky. Kpim Toro, 73,9 % Bifuymu mokpalleHHsA KOTHITUBHMX HAaBUYOK, IIOB A3aHUX 3 (QyTOOTIOM, IO HO3UTUBHO
BIUIMHY/IO Ha (PaKTUYHY pe3ynbTaTUBHICTD (69 %). Crnocrepiranucs 3HauHi B3a€MO3B sI3KYM MiXK TOAMHAMM, IPOBEJEHIMIY 32
Biffeoirpamu, Ta COPMITHATUM HOMIMIIEHHsIM KOTHITUBHMX HaBMYOK (p = .001), moTuBawii (p = .032), a TAKOXX BIUIMBOM Ha B1O6ip

Kap epu octaHHix (p = .010).
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BucHoBku. JIoCiKeHHs 4iTKO IPOJEMOHCTPYBAIO, 110 Gy TOOMbHNUIT KibepCIOPT Haflae LiHHY MATPUMKY TPaULiiiHOMY
CIIOPTMBHOMY HAIIPAMKY, CTYIMY/IIOIOYY MOTVBAIIiIO Ta TAKTMYHI HABUYKN. Takox Lieit Buj ciopTy 11)poBOro NOKOTiHHSA MOXe
Oy Ty IHTerpOBAHUIT y TPEHYBa/IbHUII IIPOLeC I0HMX PyTOOMICTIB 3 METOIO CIIPMAHHS IXHPOMY PO3BUTKY Ta peaisallii JOCATHEeHb.
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Abstract

Background. Adapted activities have relied on pedagogical, organizational and material adaptations to ensure

equitable and beneficial participation for all students.

Objectives. This study aimed to examine the influence of adapted physical education and involvement in school
para-athletics on the motivation to engage in sports practice and the psychological well-being of students with motor

disabilities.

Materials and methods. The present study involved 96 students with motor disabilities (mean age:

16.79 £ 0.87 years) enrolled in Moroccan public schools. Participants were categorised into three groups based on
para-athletics classification: 30 % in class 30, 40 % in classes 40, and 30 % in class 50. Participants were randomly
assigned to one of three groups: a control group with no structured intervention, a group following an adapted
physical education (APE) programme (24 sessions), and a third group combining the APE programme with
additional para-athletics training, including competitions, over a three-month period (24 sessions).The study utilised
the SMS-28 scale to measure motivation and Carol Ryft’s scale to assess the level of psychological well-being, with

evaluations conducted pre- and post-intervention.

Results. The findings indicated that the APE+Para-Athletics group showed notable enhancements in nearly all
domains of motivation, including a 205 % increase in intrinsic motivation to stimulation. Additionally, it was
observed improvements in psychological well-being, particularly in autonomy and positive relationships with others.
In comparison, the control group demonstrated minimal change, while the APE group also recorded improvements,
albeit to a lesser extent than the group combining the two programs.

Conclusions. This study confirms that the combination of APE and inclusive sport, including para-athletics, is an
effective strategy for optimizing the motivation and psychological well-being of students with motor disabilities.
Keywords: parasports in schools, psychological health, adapted sports, inclusive education, social relations, personal

development.

Introduction

The existing literature demonstrates that the school
including of students with disabilities in the educative
environment represents a significant challenge for modern
education, as it is confronted with a multitude of obstacles
(Ballas et al., 2022; Chomistek et al., 2019; Haegele et al.,

© Ben Rakaa, O., Lourengo, C., Bassiri, M., & Lotfi, S., 2025.
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2018; Lieberman et al., 2002; Rios Hernandez, 2009;
Sammon et al., 2020). One of the most crucial elements
of this incorporation is involvement in physical sports
activities, which facilitate the student’s comprehensive
growth and development (Bahadirovna, 2024; Setyawan et
al., 2024). The efficacy of adapted activities in enhancing not
only physical health but also psychological and social well-
being has been demonstrated (Ben Rakaa et al., 2025a; Block
& Obrusnikova, 2007). Notwithstanding, students with
disabilities frequently encounter significant challenges that
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impede their involvement in these activities. Nevertheless,
students with disabilities frequently encounter substantial
obstacles that restrict their involvement in inclusive activities
(Ben Rakaa et al., 2024c¢). The aforementioned barriers may
be classified as either physical, structural, or behavioral.
This underscores the necessity for the implementation of
suitable educational strategies to overcome these barriers
(Direction des Curricula, 2019a, 2019b, 2019¢; Goodwin
& Watkinson, 2000). The findings of a prior investigation
yielded indisputable evidence of the correlation between
personality characteristics and academic performance,
establishing a pivotal connection of considerable
significance (Alderotti et al., 2023). She emphasized the
necessity of considering the psychological dimension in
order to more accurately comprehend student conduct
and to furnish them with suitable psychological assistance
(Bouiri et al., 2021). Subsequently, affective, cognitive, and
metacognitive learning strategies have been demonstrated
to be effective with respect to academic outcomes, as they
engender constructive academic results (Bouiri et al,
2021). Subsequently, affective, cognitive, and metacognitive
learning strategies have been demonstrated to be effective
in enhancing academic performance, as they facilitate the
generation of constructive academic outcomes (Bouiri et
al., 2021). These learning strategies assist in elucidating
the subtleties of learners’ mental processes. It thus
appears imperative to intensify our endeavors to enhance
the efficacy and applicability of educators’ pedagogical
interventions (Bouiri et al., 2021). In this sense, adapted
physical education (APE) and school-based para-sport can
be effective instruments for encouraging regular physical
exercise and intrinsic motivation towards physical activity
in these students (Shields & Synnot, 2016).

The extant literature indicates that APE have a significant
impact on student motivation, particularly by enhancing
their sense of competence and facilitating constructive
learning experiences (Montilla et al., 2023; Vazou et al,,
2005). Moreover, involvement in para-athletic pursuits at
the educational level can be instrumental in fostering not
only competitive physical activity, but also a constructive
sporting identity in students with disabilities (Hutzler, 2011).
Nevertheless, in the pursuit of a more profound exploration
into the effects of APE and para-athletics on the motivation
of pupils with motor disabilities, it is essential to conduct a
thorough examination of the specific context in which these
interventions are implemented. The motivation to engage
in physical activity and the psychological well-being of
pupils with disabilities are shaped by a complex interplay of
influences. These encompass both individual factors, such as
expectations of achievement and feelings of competence, and
contextual elements, including the availability of teacher and
peer support, as well as the accessibility of sports facilities
(Deci & Ryan, 2000). In the specific context of students with
motor disabilities, motivation to engage in physical activity
is significantly influenced by the quality of the educational
intervention and the availability of inclusive physical activity
opportunities. Recent research findings have indicated that
participation in the APA programme has the potential
to enhance various domains of functioning, including
physical capacities (Lourenco et al., 2025), self-esteem,
and overall well-being (Ben Rakaa et al., 2025b; Wickman
et al., 2018). Adapted pedagogical interventions play an

instrumental role in fostering a secure and encouraging
learning atmosphere (Belabbes et al., 2025; Ben Rakaa et al.,
2025a), wherein students can nurture their motor abilities
at a pace that aligns with their unique capabilities (Healy et
al., 2013). Furthermore, involvement in para-sport provides
students with motor disabilities with the chance to engage in
structured sporting events, which can enhance their sense of
efficacy and autonomy (Alexander, 2023).

A study has demonstrated that participation in adapted
competitive sports not only facilitates improvement in
students’ physical fitness (Lourenco et al., 2025), but also
fosters a sense of achievement and reinforces intrinsic
motivation to engage in regular physical activity (Orr
et al., 2021). Conversely, the integration of APE and
involvement in para-sport, including para-athletics, para-
swimming, amputee soccer, and so forth, within the school
environment represents a promising strategy for motivating
pupils with motor disabilities to engage in physical exercise
(Vazou et al., 2005). The integration of these two elements
in a coherent and sustainable manner has the potential to
encourage greater participation of students with disabilities
in sport, as much as facilitating their personal and social
development by offering them significant opportunities for
success and inclusion (Hutzler, 2011; Vazou et al., 2005). In
light of the difficulties encountered when inclusion learnings
with impairments into APE programs and promoting their
involvement in school-based para-sports, particularly para-
athletics, a potential solution could be to combine these
two approaches in order to foster motivation for exercise
in these children with motor disabilities. It is therefore
essential to evaluate the effectiveness of APE programs and
para-athletics in this context. This perspective gives rise to a
key question: what is the impact of para-athletics and APE
on the motivation and psychological well-being of learnings
with motor disabilities to engage in PE? This research aims
to ascertain the impact of APE and participation in school
para-athletics on motivation to take part in sport activities
and the well-being of pupils with motor disabilities.

Materials and Methods

Study Design and Participants

The research included 96 participants with motor
disabilities, aged 16.79+0.87 years, enrolled in mainstream
public schools across various regional academies in Morocco.
Among them, 35% resided in rural areas, while 65% lived
in urban settings. The selection criteria encompassed
enrolment in a general education classroom alongside able-
bodied peers, possession of a disability certificate issued by
Entraide Nationale, and a medical certificate confirming
their physical ability to participate in physical education
courses. Written informed consent was obtained from
parents or legal guardians for both participation in the study
and publication of its findings.

Before inclusion, participants underwent classification
according to the International Paralympic Committee’s
disability system, assessed by volunteer experts in the
field (International Paralympic Committee, 2016). The
classification results indicated that 40% qualified for field
events (throwing disciplines), while 60% were eligible for
track events (running and/or jumping). Within the track-
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eligible group, 30% had cerebral disabilities, 40% had limb
amputations or similar conditions, and 30% had motor
impairments resulting from spinal cord injuries.

This randomized controlled trial (RCT) evaluated the
efficacy of two adapted programme: an APE program and a
combined APE+Para-athletics program. Participants were
stratified into three groups: Control: No structured APA
engagement. APE: Two 1-hour weekly APE sessions for
three months, focusing on skill development in throwing
and running/jumping within pedagogical cycles. APE+Para-
athletics: APE sessions plus two supplemental 1.5-hour
weekly Para-athletics trainings, emphasizing performance
optimization and participation in multi-level inclusive
school competitions (provincial to national).

Program Structure : The school-based APA curriculum
targeted motor disabilities (e.g., cerebral palsy, amputations,
spinal cord injuries) to enhance physical engagement in PE
and phased integration into competitive sports. PE teachers
designed ability-tailored APE learning cycles aligned with
students’'needs,followedbyPara-athleticstrainingprotocolsto
prepare students for inclusive competitions. The intervention
followed three progressive phases—initiation (foundational
skill acquisition), development (technical refinement),
and consolidation (performance application)—with
intensity calibrated to individual abilities. Session content
was dynamically adjusted via biweekly assessments and
individualized progress tracking. Inclusive competition
participation was embedded to foster physical and
social growth. Pre- and post-test evaluations included
the OMSAT-4 sport competency assessment, Sense of
Pedagogical Inclusion Scale, and Sense of School Inclusion
Scale (SSI).

Research Instruments

Psychological well-being: The Ryft Psychological Well-
Being Scale is a multidimensional tool designed to assess six
key aspects of well-being: autonomy, environmental mastery,
personal growth, positive relationships, purpose in life, and
self-acceptance. Developed in 1989, it utilises a Likert scale
to measure these dimensions. This instrument is widely used
to evaluate psychological well-being across diverse cultural
and clinical settings (Ryft, 1989).

Motivation to practice sports: The Sport Motivation
Scale (EMS-28) is a tool designed to assess the degree of
intrinsic and extrinsic motivation of individuals to engage
in sporting activities. The scale assesses seven concepts,
including intrinsic motivation for accomplishment,
knowledge, and stimulation; external, introjected, and
identified regulation; and amotivation. The scale consists
of 28 items in total, with four items representing each of the
seven subscales. Participants are requested to indicate their
degree of agreement with each statement on a scale of 1 to 7
points (Briére et al., 1995).

Data Analysis

A descriptive analysis was performed for all the examined
variables, after which a one-way ANOVA was applied to assess
differences between the pre- and post-test results concerning
motivation typesand well-being. When statistically significant
differences were identified, the percentage variation was

computed using the following formula: (Post-Test — Pre-
Test)/Pre-Test * 100. To further analyse the impact of each
variable pair within the three groups (control, APE, and APE
+ para-athletics), a Bonferroni-adjusted repeated-measures
ANOVA was conducted. Finally, Pearson’s correlation test
was employed to determine the strength of associations
among the studied variables.

Results

This section employs a three-tiered analysis. Initially, it
provides a detailed description of the descriptive statistics,
including the mean and standard deviation of various
psychological motivation and well-being indicators,
recorded prior to and following the experimental protocol.
Subsequently, it examines the differences among the three
study cohorts at both the pre- and post-intervention stages.
Finally, it explores the correlations between the assessed skills.

Comparison of Pre- and Post-Test Psychological Variables

Table 1 presents a comparison of the effects of
distinct interventions on various forms of motivation and
psychological well-being across three groups: a control
group, a group engaged in an adapted physical education
program (APE), and a group combining APE and para-
athletics practice. For the control group, the results indicate
minimal notable changes in the observed variables. Indeed,
the majority of variables associated with intrinsic and
extrinsic motivation did not exhibit a significant alteration
following the intervention.

The APE program resulted in notable enhancements
acrossmultipledomainsof motivationand psychological well-
being. For example, there was a notable increase in intrinsic
motivation accomplishment (+30.71%, p < .000), as well as
external regulation (+23.907%). Furthermore, participants
exhibited a notable enhancement in psychological well-
being, with an increase in personal growth from 2.81 to 4.42
(p =.002) and a significant rise in positive relationships with
others (+4.077%).

The group that participated in the APE, with the inclusion
of Para-Athletics, demonstrated remarkable increases in
nearly all of the variables that were measured. There was
an impressive 205.044% increase in intrinsic motivation to
stimulation, while external regulation increased by 180.63%.
These findings indicate a significant progression in both
dimensions of motivation. With regard to psychological well-
being, this group also exhibited noteworthy improvements,
including enhanced autonomy (+7.646, p < .000) and
positive relationships with others (+7.501).

Measuring the Impact of Experimental Protocols on
Psychological Variables Such as Motivation and Well-Being

Tables 2 and 3 present the findings of a repeated-
measures analysis of variance (ANOVA) investigating
the influence of diverse intervention modalities on
psychological variables, including motivation and well-
being. The results indicate that all the variables examined
show significant differences between groups, with F values
ranging from 7.804 for self-acceptance to 138.682 for
intrinsic motivation towards knowledge. In all cases, the
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Tabel 1. Development of motivation and psychological well-being before and after intervention

Experimentation
Variables Control APE APE+ ParaAthletics
Avant Apres F Avant Apres F Avant Apres F 2
Knowledge 2.69+0.39 3.06+0.74 3960 NS 3.26+0.80 4.43+0.86 34.046 .000 3.48+1.10 6.15+0.79 132.224 .000
Accomplishment 2.82+0.54 3.01+0.69 2.136 NS 3.29+0.90 4.34+0.73 30.711 .000 3.54+1.19 6.34+0.61 122.739 .000
Stimulation 2.95+0.70 2.95+0.74 0.026 NS 3.37+1.11 4.35+0.96 14.679 .000 3.30+0.93 6.40+0.66 205.044 .000
Identified regulation 2.92+0.71 2.97+0.74 0256 NS 3.64£135 4.44+1.16 5625 .021 3.64%0.76 6.55+0.60 233.586 .000
Introjected 287+0.68 2.98+0.66 0428 NS 348+1.18 4.40+0.83 14.649 .000 3.58+0.82 6.47+0.75 183.455 .000
regulation
External regulation  2.90£0.72 3.03£0.70 0.357 NS 3.38+1.05 4.54+0.83 23.907 .000 3.46+0.76 6.31+£0.83 180.630 .000
Amotivation 291+0.85 2.98+0.87 0.000 NS 3.31+0.93 4.43+0.77 19.258 .000 3.63+0.94 6.42+0.72 167.111 .000
Autonomy 2.18+1.40 2.18+1.40 0.000 NS 4.16+1.44 539+1.84 -2.775 .009 4.16+1.74 6.50+0.76 -7.646 .000
Environmental 2.88+1.49 2.76+1.54 0318 NS 345+1.52 542+1.96 -4.151 .000 3.72+1.53 6.31+0.78 -8.824 .000
mastery
Personal growth 227+1.26 2.52+1.25 -0.713 NS 2.81+1.64 442+2.00 -3432 .002 3.03+1.75 534+145 -6.136 .000
Positive relations 248+1.52 2.21+1.27 0727 NS 2.84+1.63 4.74+2.02 -4.077 .000 3.28+1.82 591+1.23 -7.501 .000
with others
Purpose in life 2.73+1.86 2.48+1.44 0.643 NS 294+193 590+1.68 -7.178 .000 3.47+1.87 6.28+1.37 -6.378 .000
Self-acceptance 239+1.68 2.88+1.58 -1.174 NS 2.61+1.73 426+2.28 -3437 .002 2.78+1.62 513+198 -5850 .000
All results are written as mean+standard deviation, Significant p < .05, NS. Not significant
Table 2. Effect of protocol on motivation and psychological well-being variables
Variables SC df Mean square F P
Knowledge 122.568 2 61.284 138.682
Accomplishment 133.683 2 66.842 121.18
Stimulation 117.464 2 58.732 104.013
Identified regulation 150.909 2 75.454 108.594
Introjected regulation 144.177 2 72.088 111.184
External regulation 119.978 2 59.989 98.04
Amotivation 140.106 2 70.053 88.278 .000
Autonomy 367.354 2 183.677 85.724
Environmental mastery 168.935 2 84.467 39.269
Personal growth 109.262 2 54.631 22.36
Positive relations with others 168.553 2 84.277 32.563
Purpose in life 187.625 2 93.812 30.204
Self-acceptance 57.293 2 28.646 7.804

SC. Somme des carrés de Type III, M. Motivation, BE-P. Bien-Etre Psychologie, Significative p < .05

observed differences were statistically significant at the 0.05
level. The most pronounced differences were observed in
intrinsic motivation for knowledge (F = 138.682, p = 0.000)
and intrinsic motivation for accomplishment (F = 121.18,
p = 0.000), while the smallest differences concerned self-
acceptance (F = 7.804, p = 0.001). Table 3 demonstrated

significant (NS) differences between select pairs of groups,
notably between APE and APE + Para-Athletics.

Relationship between Psychological Variables
Such as Motivation and Well-Being

that there were also notable differences between the groups
(p < .05) for the majority of the parameters examined,
particularly for all dimensions of motivation, intrinsic
and extrinsic, as well as for amotivation. However, some
measures of psychological well-being, such as autonomy,
environmental mastery and purpose in life, exhibited non-

Table 4 illustrates the correlations between the various
motivational variables and those pertaining to psychological
well-being. The results demonstrate robust and highly
significant correlations between the various dimensions
of motivation, with coefficients reaching 0.966 between
extrinsic motivation (external regulation) and amotivation.
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Table 3. Pairwise comparison of psychological variables

Control APE APE+ ParaAthletics
Variables
APE Par:AI:E;re s Controle Parziﬁre . EPA Controle
Knowledge .000 .000 .000 .000 .000 .000
Accomplishment .000 .000 .000 .000 .000 .000
Stimulation .000 .000 .000 .000 .000 .000
Identified regulation .000 .000 .000 .000 .000 .000
Introjected regulation .000 .000 .000 .000 .000 .000
External regulation .000 .000 .000 .000 .000 .000
Amotivation .000 .000 .000 .000 .000 .000
Autonomy .000 .000 .000 NS .000 .000
Environmental mastery .000 .000 .000 NS .000 .000
Personal growth .000 .000 .000 NS .000 019
Positive relations with others .000 .000 .000 .019 .000 .000
Purpose in life .000 .000 .000 NS .000 .001
Self-acceptance .000 .001 NS .000 .001 .000
Significative p < .05, NS. Non Significative
Table 4. Correlation between types of motivation and well-being
Variables 1 2% 3 4 5 6 7 8 9 10 11 12 13

1. Knowledge 1
2. Accomplishment 9514 1
3. Stimulation .895*%* 953** ]
4. Identified regulation 839 899 .952%* 1
5. Introjected regulation 846 896** .924%* 957** 1
6. External regulation .853*%*%  857** 877** 914 .963** 1
7. Amotivation .838%F  .869** .863**F .891** .944** 966** 1
8. Autonomy 634%%688%* 7210 747+ 711 693 .673%* 1
9. Environmental mastery 5647 .605% 642 .688%F 657 .655%F .638** .833** 1
10. Personal growth A478%F 484*%* 531°¢ .587*F 569*7* .601** .554** .565%*F .565** 1
11. Positive relations with others 6857 6574 .682%F 690 .683** 734** 708 .659** .587*F .626** 1
12. Purpose in life 567 588%* .613%F .630%* .620%* .605%* 575%* .672%F .636** .498*F .532%* 1
13. Self-acceptance 386%* 382%F 410%F 417 418%% 454 443F 383** 253* 476 419%* 244 1

** Treés Significative (p < .01), * Significative (p <.05)

With regard to psychological well-being, although the
observed correlations are generally weaker than those
observed for motivation, some remain highly significant.
For example, a correlation of 0.833 was observed between
autonomy and environmental mastery. Conversely, the
lowest correlation was observed between self-acceptance
and environmental mastery (0.253). These findings
suggest strong interconnections between the different
facets of motivation and variable links with dimensions of
psychological well-being.

Discussion

The findings of this study reinforce the substantial
impact of adapted physical education (APE) and school para-

athletics on the motivation to engage in sporting activitiesand
on the psychological well-being of young people with motor
disabilities. APE has been demonstrated to be an efficacious
intervention for enhancing intrinsic motivation in pupils, as
it facilitates long-term dedication to physical activity. This
increase in intrinsic motivation was particularly pronounced
in dimensions linked to knowledge, accomplishment, and
stimulation, underscoring the importance of an educational
framework that meets the specific needs of students in terms
of inclusion and learning (Wickman et al., 2018). However,
the assessment of motor impairments should be initiated at
an early age.Research findings indicate that children who are
subsequently identified as having higher mastery motivation
demonstrate superior developmental outcomes in multiple
domains, including cognition, problem-solving, language
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and fine motor skills, when compared to their peers who
exhibit lower mastery motivation (Babik et al., 2024).

Conversely, intrinsic motivation for stimulation
demonstrated a more pronounced enhancement, as it
reflects the interest and enjoyment that students derive from
engaging in physical activity for its intrinsic value, without
any anticipation of external rewards (Zheng et al., 2023).
These findings align with the tenets of self-determination
theory, which posits that the fulfillment of psychological
needs for competence, autonomy, and relationships fosters
autonomous and enduring motivation (Ryan & Deci, 2017).
The APE approach for students with disabilities is tailored
to the specific capabilities of each individual, allowing
them to engage in the exploration and development of their
motor skills at a pace that is appropriate for them (Zamiri
& Esmaeili, 2024). This approach has been demonstrated
to enhance motivation to persist in participation in
physical activities (Healy et al., 2013). A further study
has demonstrated a notable disparity in the involvement
of students with disabilities in physical sports activities
(Ben Rakaa et al., 2024b). Furthermore, the perceptions
and feelings of pedagogical competence among physical
education teachers with regard to the management of these
students have a considerable impact on their inclusion in the
classroom (Ben Rakaa et al., 2024c¢, 2024a).

In addition to APE, participation in a school para-athlet-
ics program was found to have a significant synergistic effect
on students’ motivation and psychological well-being. Stu-
dents who participated in the combined APE and para-ath-
letics program reported increases in various forms of moti-
vation and essential dimensions of psychological well-being,
including autonomy, environmental mastery, and purpose in
life. The findings of this study corroborate those of previous
research, which indicate that participation in para-athletic
competitions has a positive effect on students’ sense of com-
petence and achievement (Liska et al., 2024; Martin, 2013).
This finding is consistent with the existing literature on the
positive effects of structured sports activities on self-esteem
and general well-being (Liska et al., 2024; Martin, 2013).

Nevertheless, the implementation of an inclusive
leadership approach necessitates collaboration within
educational institutions, the empowerment of employees
through consistent guidance and support, the fortitude
to alter established practices, and an inclination to gain
knowledge about diversity and cultural dissimilarities
(Okun, 2023). Furthermore, participation in sporting
events provides students with invaluable opportunities
for constructive social interaction, which has a significant
influence on the formation of their identity and self-image
(Zhang & Qin, 2023). These interactions are frequently
regarded as instances of social recognition, during which
students can not only exhibit their capabilities but also
receive encouragement and commendation from their
peers and instructors (Shields & Synnot, 2016). The social
reinforcement that these athletes receive has a considerable
and enduring effect on their motivation to engage in sporting
activities and on the development of a positive sporting
identity (Vazou et al., 2005).

The analysis of the correlations between motivational
variables and psychological well-being in the study revealed
significant relationships that underscore the interdependence
of these dimensions. For example, the findings illustrate

a robust correlation between intrinsic motivation for
knowledge and autonomy, indicating that students driven by
the aspiration to learn and master new competencies are also
those who exhibit the most pronounced sense of autonomy
within their academic context (Deci & Ryan, 2000). The
perception of autonomy has been shown to foster a sense
of control over one’s actions and decisions, which in turn
maintains a high level of intrinsic motivation over the long
term (Ryan & Deci, 2017).

Moreover, the significant correlations between envi-
ronmental mastery and other dimensions of psychological
well-being, such as personal development and positive re-
lationships with others, indicate that students who perceive
control over their environment are also those who demon-
strate indications of personal development and social well-
being (Kleinkorres et al., 2023). These findings align with the
theoretical proposition that perceived environmental mas-
tery is a significant predictor of psychological well-being
(Healy et al., 2013). Moreover, the substantial correlation
between extrinsic motivation and amotivation indicates that
when students are predominantly driven by external factors,
they may be more susceptible to a decline in their overall
motivation. This underscores the necessity to cultivate more
autonomous forms of motivation (Vazou et al., 2005).

Notwithstanding, certain dimensions of psychological
well-being, such as self-acceptance, did not exhibit such
pronounced disparities between groups. This result
indicates that self-acceptance, as a more complex aspect
of psychological well-being, requires more targeted and
potentially longer-term interventions to exert a significant
influence (Kraiss et al., 2022; Ryff, 1989). It seems reasonable
to posit that external factors, such as family support or social
experiences outside the university setting, exert a more
pronounced influence on the improvement of this specific
aspect of psychological well-being (Douwes et al., 2023).
These findings suggest that while the APE and para-athletics
have beneficial effects on motivation and dimensions of
well-being, a more comprehensive approach is necessary
to address the full range of psychological well-being in
students with disabilites (Shields & Synnot, 2016). The level
of well-being of individuals with a physical disability was
significantly higher than that of individuals with a hearing
disability (Ayyildiz et al., 2024; Ben Rakaa et al., 2025D).

These individuals demonstrate a high level of self-control
and utilize a range of coping strategies that facilitate their
success in their respective roles (Sun et al., 2024). As the level
of education of people with disabilities increases, they are
better able to comprehend the relationship between physical
activity and health. This enables them to participate in sports
at a higher level, which in turn helps to prevent a decline
in their external physical motivation as they age. However,
there is a need to provide a more detailed explanation
of the positive effects of high levels of physical activity,
particularly in later life (Ayyildiz et al., 2024). The efficacy of
interventions such as APE and para-athletics is contingent
upon a multitude of contextual variables, including the level
of education, the accessibility of resources, and the level of
support from peers and educators (Goodwin & Watkinson,
2000). Therefore, to optimize the impact of these programs,
it is imperative to develop individualized approaches that
take into account the specific needs of each student (Deci &
Ryan, 2000; Wickman et al., 2018).
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The personalization of interventions has the potential to
enhance student engagement, facilitate greater social inclu-
sion, and promote a more comprehensive approach to per-
sonal development (Zurbriggen et al., 2023). In addition to
the findings of this study, it is evident that APE and school
para-athletics have a beneficial effect on the motivation and
psychological well-being of students with motor impairments.
The results lend support to the notion that these interventions
should be systematically integrated into school programs,
thereby maximizing their effectiveness and fostering the inclu-
sion and personal development of these students (Zurbriggen
et al,, 2023). Further research should concentrate on identify-
ing the underlying mechanisms of these effects and developing
strategies to enhance aspects of psychological well-being that
have not been significantly influenced by these interventions.

Conclusion

The present study’s findings emphasise the considerable
impact of APE and school-based para-athletics on the
motivation and psychological well-being of learners with
motor disabilities. It is noteworthy that interventions
integrating both adapted physical education and para-
athletics yielded the most substantial enhancements,
particularly in cultivating intrinsic and extrinsic motivation
alongside diverse facets of psychological well-being. The
enhancement in motivation driven by stimulation and
life purpose, coupled with strengthened positive social
interactions, emphasises the crucial role of these programmes
in supporting students’ personal and social growth.

The findings of this study have significant practical
implications for educators and policymakers. The systematic
integration of environmental education and para-athletics
into school curricula has the potential to enhance the
motivation of pupils with motor disabilities to engage in
sporting activities, while simultaneously facilitating their
socialinclusionand personal development.Itisrecommended
that schools cultivate collaborative relationships with local
sports associations to facilitate regular participation in para-
athletic activities. Conversely, the less pronounced results
with regard to self-acceptance suggest that more targeted
and sustained interventions may be required to exert a
favorable influence on this aspect of well-being.

Future research should examine the impact of additional
variables, such as parental support and access to sports
facilitiesoutsidetheschoolsetting,onthemotivationand well-
being of disabled pupils. Furthermore, longitudinal studies
would enable the evaluation of the long-term sustainability
of the observed effects and enhance our comprehension
of the long-term impact of these interventions on the
developmental trajectories of these pupils. Such research
would assist in the refinement of inclusion strategies within
educational systems.
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BnnvB aganTtoBaHoi $i3NYHOI aKTUBHOCTI Ta iHK/TIIO3BHOIO
CMOpTYy Ha MOTUBALLiI0 Ta NCUXONOriyHe 340poB’A giten
3 iHBanigHicTIoO: PaHAOMiI3OBaHe KOHTPO/IbOBaHe [OCNIAXKEeHHA

Owmap Ben Pakaa'A5CPE, Kapna Jloypenco>**45°P, Mycrada baccipi'*®“P, Cain /Totdi'4BcP

"YuiBepcurer Xacana II Kacabmankn

‘Tonitexniynmii incTutyT Bisey

*YuiBepcuTeT BHYTpilIHIX cripaB beitpu

‘IleHTp mOCTiIHKEHDb OCBITH Ta iHHOBAIi

ABTOpPCHKMIT BKTAJ;: A — am3aits gocnipkenHs; B — 36ip ganux; C - crarananis; D - migroroska pykomnucy; E - 36ip komTis

Pedepar. Crarrs: 10 c., 4 Tab1., 49 mKepeL.

IcTopisa nuTranHA. AanTOBaHi BUM aKTMBHOCTI CIIMPAIOThCA HA NeJaroriyyi, opraHisaniiini Ta MatepianbHi afjanTauii amsa
3abesneyeHH s pIBHOIIPABHOTO Ta KOPJCHOIO 3a/Ty4eHHs BCiX YYHIB.

Merta pocnipxenHs. Lle focmipkeHHs Malo Ha MeTi BUBUMTY BIUIVB a[jAlITOBAHOrO (Di3MYHOTO BYXOBAHHA Ta 3a/Iy4eHOCTI
IO LIKIZIBHOI IapaaTIeTnKy Ha MOTMBALIO 4O CHOPTMBHOI IPAKTUKM Ta ICUXOIOTiYHe 6/1arononyydds y4HiB 3 IOPYLIEHHAMNU
PyX0BUX GYHKILiL.

Marepianu Ta MeTogu. Y IIpefcTaBIeHOMY HOCII/PKEHHI B35/IM Y4acTb 96 Y4HIB 3 IOPYIIEHHAMN PO3BUTKY MOTOPHUX (PYHK-
it (cepepHiit Bik: 16,79 + 0,87 pokiB), siKi HABYAIOTHCS B MAPOKKAHCHKIIX [IEPXKaBHIX IIKOJIAX. Y YaCHUKIB Oy/I0 pO3IO/ieHO Ha
TP TPYIN BIifNOBIfHO [0 MapaaTieTn4Hol knacudikanii: 30 % y xmaci 30, 40% y xmacax 40 Ta 30 % y ximaci 50. JocmimpkyBaHux
0y710 paH/IOMi30BaHO B OffHY 3 TPbOX I'PYIl: KOHTPOJIbHY I'PyIy 6e3 CTPYKTYpOBaHOI iHTepBeHLlii, IpyIy, siKa 3ajiMaacs 3a Ipo-
rpaMoI0 afalToBaHoro ¢isuaHoro suxosanusa (ADB) (24 3anaTTA), i TpeTIo IPymy, sAKa MoenHyBana nporpamy AD®B 3 mogaTko-
BUMJ TPEHYBaHHAMM 3 ITapaaT/IeTVKM, BKIIOYAI04M 3MaraHH:A, BIPOJOBX TPUMICAIHOTO repiofy (24 3aHATTA). Y AOCTimKeHH]
BUKOPMCTOBYBAJIacs LIKa/la BUMipoBaHHA criopTuBHOi MoTuBanil SMS-28 (The Sport Motivation Scale) Ta mKama mnsa oLiHKK
PiBH HcHUXOIOriYHOro Oaromnonyyds 3a Meropukoio Kepor Pidd (Carol Ryft’s scale of Psychological Well-being), mpudyomy orgi-
HIOBAHHA TIOKA3HMKIB IIPOBOAMIOCS Ha IIE€Pef- Ta IOCTIHTEPBEHIIIIHOMY eTallax JOCTiIPKEHH.

PesynbraTu. PesynbTaTti fOC/IiIKeHHA CBifYaTh PO Te, 10 IPyIIa yYaCHUKIB IPOrpaMu, Y AKiil 3aCTOCOBYBa/laCh METOJMKA
A®B Ta TpeHyBaHHA 3 IApAATIETUKM IPOJEMOHCTPYBala IOMiTHE MOJIIIIeHHS TOKa3HUKIB MalbKe y BCiX acleKTaX MOTUBAlLil,
BK/I04aoun 205 % 3pocTaHHA BHYTPIIIHbOI MOTHUBALi 10 cTuMymoBaHHA. KpiM Toro, crocrepiranocs mokpaljeHHsA IICHXO0JI0-
FiYHOrO 671arOIOTyYdsi, 30KpEeMa, CAMOCTITHOCTI Ta MO3UTUBHMX CTOCYHKIB 3 OTOIYOUMMI. []/Is1 TOPIBHSHHS, KOHTPOJIbHA IPyIIa
IPOJEMOHCTPYBasIa MiHiManbHi 3MiHN, ToAi AK y rpyni ADB Takox Oy1o Bifj3HaueHO IOIMIIeHH TOKa3HUKIB, X04a /I MEHIIOIO
Mipo10, HDK y Ipy1Ii, 1[0 O€AHyBaIa 00M/BI IpOrpamt.
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BucHoBku. Lle nocmifkeHHs miATBeppKye, 1o noegHanas ADB Ta iHK/II03MBHOTO CIIOPTY, 30KpeMa [IapaaTIeTK, € edek-
TUBHOIO CTPATETI€I0 MO0 ONTUMI3allil MOTMBALIT Ta ICHMXOIOTIYHOTO 6/IATOMONY YU YYHIB 3 HOPYIIEHHAMN PYyXOBUX (QYHKIIIIL.

Kinro4oBi croBa: mapacropr y IIKO/IaX, IICHXOMOTIYHE 3[[0POB’s, afjallTOBaHi BUANU CIIOPTY, iHK/TI03MBHA OCBiTa, COLia/IbHi
BiTHOCHHM, OCOOMCTICHMIT PO3BUTOK.
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Abstract

Background. The sport of bocce, and in particular the specialty of Raffa, has seen significant competitive
development in recent decades, but the scientific literature on the anthropometric characteristics of athletes,

especially among young people, is still limited.

Objectives. This study aimed to analyze the physical characteristics of Raffa’s junior players at national level, focusing
on anthropometric variables such as height, weight and body mass index (BMI).

Materials and methods. A sample of twenty athletes, divided into a research group consisting of ten athletes of
national interest and a control group of ten non-competitive practitioners, was subjected to baseline measurements

during regional events.

Results. The findings showed an average height of 170.5 cm and an average weight of 65.8 kg for the research team,
with an average BMI of 22.63, indicating a condition of normal weight. However, 33.3 % of the athletes in the research
group were overweight or class I obese, suggesting the need for greater attention to physical preparation. The data
were compared with those of the control group, which had an average height of 173.5 cm, an average weight of

74.5 kg and a BMI distribution with 50% of the athletes classified as overweight. The results were discussed in relation

to the initial hypotheses and the existing literature.

Conclusions. This study offers important insights for the development of personalized training programs and for the
selection of young talents, highlighting the importance of adequate physical preparation. Future prospects include
deepening the analysis of the somatotype and the use of larger and more diverse samples.

Keywords: anthropometry, sport, training, athletes, physical performance.

Introduction

The sport of Bocce, and in particular the Raffa
discipline, is a game rooted in centuries-old tradition, yet
it has undergone significant technical, tactical, and physical
evolution over the past few decades (Febrianingrum, &
Diana, 2021). Once regarded primarily as a recreational
activity, Raffa is now played at highly competitive levels,
requiring athletes not only to possess technical skills
and mental focus, but also a solid physical preparation
and appropriate morpho-functional characteristics
(Simsek & Kesilmis, 2022). In this context, the analysis
of anthropometric features in young athletes is gaining

© Scamardella, F, Latino, E, & Tafuri, M. G., 2025.
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increasing importance, particularly in areas such as athlete
selection, training, and talent prediction. Anthropometry,
the study of the measurements and proportions of the human
body, represents a fundamental component in evaluating
the morphological suitability of an athlete in relation to the
specific demands of their sport (Giir et al., 2022). Numerous
scientific studies have demonstrated the significance of
certain body characteristics in predicting athletic success,
with clear specificity depending on the discipline. While
sports like basketball or volleyball favor taller athletes with
long limbs, disciplines such as artistic gymnastics or diving
benefit from more compact and lighter physiques. However,
in the case of Raffa, scientific literature remains scarce
regarding the analysis of ideal anthropometric components,
especially among young athletes (Yuan & Li, 2022; Gegitli
et al., 2021). The Juniores category in Raffa marks a crucial
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phase in the athletic development of players: it is during
this stage that they transition from basic sports practice
to a more structured and performance-oriented approach
(Tirkmen et al., 2018). Consequently, understanding which
physical traits are most advantageous can offer valuable tools
not only for coaches and trainers in making more targeted
selections, but also for the athletes themselves, allowing
them to adjust their training according to their strengths
and areas needing improvement. Raffa differs from other
bocce specialties (such as Volo or Petanque) through a series
of technical and regulatory elements that require particular
abilities in coordination, precision, postural stability, as well
as strength in the dominant arm and core muscles. Moreover,
contrary to common assumptions, this discipline involves a
substantial amount of repetitive movements, torso rotations,
and weight transfers, factors that engage various body
segments, suggesting a potential relevance of anthropometric
proportions (Eler & Eler, 2018). Studies in the broader sports
science field have highlighted the importance of parameters
such as height, body weight, body mass index (BMI), limb
length, wrist and arm circumference, and body composition
(percentage of lean and fat mass) in determining athletic
performance (Yuan & Li, 2022).

Despite the long tradition of bocce and growing
interest in its development among young and competitive
athletes, scientific literature specifically focused on the
Raffa discipline remains extremely limited. Most studies
in the sports field concentrate on disciplines that are more
widespread and well-structured in terms of research, such
as football, athletics, gymnastics, or team sports (Raiola
et al., 2015; Scamardella et al., 2025). When it comes to
bocce, existing research is mostly centered on technical or
historical aspects, while biomechanical, physiological, and,
especially, anthropometric investigations are still lacking.
Nonetheless, some preliminary studies conducted in recent
years, particularly in the broader context of bocce sports
(including Volo and Petanque), have shown that certain
physical characteristics can significantly influence the
effectiveness of the technical gesture, postural stability,
precision, and neuromuscular endurance. Moreover,
international studies on sports that share similarities with
Raffa, such as archery, curling, or bowling, emphasize the
importance of a balance between strength, fine motor
control, and bodily symmetry (Cataldi et al., 2019). In these
contexts, parameters such as the length of the dominant
arm, symmetry between limbs, BMI, and lean mass
distribution have shown correlations with performance
quality (Balan et al., 2020). Therefore, the absence of a
solid body of specific data for Raffa, and especially for the
Juniores category, represents a significant gap that this study
aims to begin addressing, by providing an original and
focused contribution toward building a reference model for
the physical and morphological evaluation of young bocce
athletes (Firdaus, & Irfan, 2023).

This study was thus conceived to fill a gap in the current
scientific landscape by proposing a detailed analysis of the
anthropometric characteristics of young bocce players in
the Raffa discipline. Through the collection and analysis
of morphological data from a representative sample
of Juniores-level athletes, the aim is to outline an ideal
physical profile for the discipline, identifying any potential
correlations between these characteristics and performance

levels. The methodological framework of the study is based
on several key research questions, which represent the
core of the scientific inquiry: What is the ideal height for a
Juniores-level Raffa player? What is the ideal weight for such
a player? Moreover, can we approximate the average body
composition of such athletes with reasonable accuracy? And
finally, is it possible to establish an anthropometric prototype
of the national-level Juniores Rafta player?

In summary, the present article aims to provide a
comprehensive and detailed overview of the anthropometric
characteristics of young Raffa players, with the goal of
identifying the ideal morphological parameters for high-
level performance in this discipline. The research questions
outlined above will guide the entire investigation, whose
ultimate purpose is to enhance our understanding of the
factors influencing performance in Juniores-level Raffa,
while also offering concrete, operational insights for the
sports world.

Materials and Methods

Study Design

The study was conducted according to a quasi-
experimental comparative and transversal design, aimed
at analyzing the anthropometric characteristics of young
athletes practicing the Raffa specialty in the discipline of
Bocce, in order to outline a possible ideal morphological
profile for the Juniores category. A comparative study design
was therefore adopted between two distinct groups of
athletes: a research group composed of competitive subjects
of national interest and a control group formed by non-
competitive practitioners.

The adoption of a transversal design allows a precise
photograph of the body characteristics of the subjects at a
precise moment in their sporting career, providing useful
data for the definition of youth performance standards.

The quasi-experimental design was chosen as it
is particularly suitable for the sports field, where the
randomization of subjects is not always possible for ethical,
organizational or selection reasons. In this context, the
division into natural groups still allows us to explore the
correlations between specific physical characteristics and the
level of sports performance, in a realistic perspective that can
be applied to practice.

Within the design, the independent variable is
represented by the level of sports practice (competitive vs
non-competitive), while the dependent variables include the
main anthropometric parameters measured: height, body
weight, Body Mass Index (BMI).

In compliance with international ethical principles, the
study was conducted in accordance with the dictates of the
World Medical Association’s Declaration of Helsinki, which
regulates research with human subjects. All participants and
their parents or legal guardians have received appropriate
information on the purpose and modalities of the study and
have provided written informed consent to participate. The
measurements were carried out in full respect of the dignity,
confidentiality and physical integrity of the subjects involved.
The entire procedure was supervised by trained operators,
able to guarantee the accuracy of the measurements and the
safety of the athletes.
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In conclusion, the design adopted, while presenting
the typical limitations of quasi-experimental (absence of
randomization, non-probability sample, observational
nature), offers a solid framework to systematically explore
the relevant anthropometric characteristics in Raffa at the
competitive youth level, constituting a first step towards
the construction of a reference performance model in the
discipline.

Participants

The sample under study consists of twenty male athletes,
aged between fourteen and eighteen, all belonging to the
Juniores category, selected from among practitioners of
the Raffa specialty. The participants were divided into two
homogeneous groups of ten units each: the research group,
made up of athletes of national importance (including
winners of the absolute Italian title and medalists both
individually and in teams at national level), and the control
group, composed of practitioners of the Raffa discipline
not included in federal competitive circuits. The selection
of the athletes of the experimental group took place in
collaboration with the federal technicians and the regional
committees of the Italian Bocce Federation, in order to ensure
the representativeness of the competitive level required. All
participants and, when necessary, their parents or legal
guardians, have provided informed consent to participate
in the study.

Procedure

The data collection activities took place in the context
of regional collegiate events, organized by the Italian Bocce
Federation at the Campania Bocce Committee, in prepara-
tion for national competitions. The surveys were carried out
during two technical internships, carried out in March and
April 2025. Each athlete was subjected to two basic measure-
ments: height, measured by means of a statimeter in an or-
thostatic position, and body weight, measured through a dig-
ital scale calibrated and validated for sports medical use. The
Body Mass Index (BMI) was calculated for each athlete using
the standard formula (weight in kg divided by the square of
the height in meters); however, since these subjects are ado-
lescents (14-18 years), its interpretation has been made with
reference to age- and sex-specific percentile values, as recom-
mended by the main international scientific bodies, in order
to take into account the natural variations related to pubertal
growth and body development (Centers for Disease Control
and Prevention, 2000; WHO, 2007). The data obtained were
subsequently processed using descriptive statistical indices
(mean, standard deviation, range) and compared between
the two groups (research and control) to identify any sig-
nificant differences and assess consistency with the research
hypotheses formulated. The entire survey process was con-
ducted by expert personnel in compliance with standardized
anthropometric measurement protocols, in order to ensure
the reliability and validity of the data collected.

Statistical Analysis

For the analysis of the collected data, several statistical
tests were used in order to compare the anthropometric

characteristics between the research group (competitive
athletes) and the control group (non-competitive athletes).
The main variables analyzed were height, body weight, and
body mass index (BMI).

First, a normality test was performed on the data to see if
it followed a normal distribution. Because the study sample
size was relatively small (n=10 for each group), the Shapiro-
Wilk test, a specific test for small sample sizes, was used.
This step was critical in determining which statistical test
to use next. If the data were normally distributed, the t-test
for independent samples would be applied to compare the
means between the two groups. In the event that the data
were not normally distributed, nonparametric tests, such as
the Mann-Whitney U test, would have been used.

Next, descriptive parameters were calculated for each
variable (height, weight, and BMI) within each group,
including mean, median, standard deviation, and value
ranges. These values provided an overview of the distribution
and variability of the participants’ anthropometric
characteristics.

To compare differences between groups with regard to
height, body weight, and BMI, the t-test for independent
samples was used. This test made it possible to establish
whether there were statistically significant differences
between the two groups in relation to each of the variables
measured. The null hypothesis (Ho) indicated that there were
no differences between the groups, while the alternative
hypothesis (H;) stated that there were significant differences.

Once the BMI values for all participants had been
calculated, the means of the two groups were compared using
the t-test for independent samples. For each of the variables
analyzed (height, weight and BMI), the results obtained were
interpreted according to the significance value (p-value).
A p-value of less than 0.05 was considered statistically
significant, indicating that the observed differences between
the groups were not due to chance. In addition, to have a
measure of the magnitude of the differences, the effect size
(Cohen’s d) was calculated, which allows us to assess how
significant the differences between the groups are, beyond
statistical significance.

All data were analyzed using SPSS software (version
27.0, IBM Corp.), with the help of Excel 2021 for descriptive
data management and charting.

Results

The analysis of the data collected concerned the main
anthropometric variables of the subjects involved in the
study: height, body weight and body mass index (BMI). The
results were compared between the research group, made
up of junior competitive athletes of national level, and the
control group, made up of peers who are non-competitive
practitioners of the Raffa specialty.

In terms of height (Fig.1, 2), subjects in the research
group showed an average of 170.5 cm (range: 157-183 cm),
while subjects in the control group had a slightly higher
average of 173.5 cm (range: 162-184 cm). The t-test for
independent samples found no statistically significant
differences between the two groups (tg = 0.70, p = 0.492),
suggesting that height is not a relevant distinguishing factor
between young competitive and non-competitive athletes in
the discipline. The analysis of Cohen’s d revealed a moderate
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difference between the two groups with a value of -0.55,
indicating that the control group is on average higher than
the research group. Although the difference between the
averages is visible, the effect is not particularly pronounced,
suggesting that height is not a determining factor with a
large incidence in performance between the two groups.

Research Group Height
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Fig. 1. Average height research group
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Fig. 2. Average height control group

More marked, however, are the differences that emerged
in terms of body weight (Fig. 3,4). The athletes in the research
group showed an average weight of 65.8 kg (range: 42-87 kg),
while the peers in the control group showed a significantly
higher average value of 74.5 kg (range: 68-93 kg). Statistical
comparison revealed a significant difference between the
groups (tug = -2.78, p = 0.012), indicating that agonist
subjects tend to have a lower body weight than non-agonist
peers. The Cohen’s d value for weight is -1.09, indicating
a significant and impressive difference between the two
groups. The research group, therefore, has a lower body
weight than the control group. This suggests that Raffa
bowlers in the research group tend to be lighter than players
in the control group.
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Fig. 3. Average weight of the research group
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Fig. 4. Average weight control group

A similar picture was observed in the analysis of Body
Mass Index (BMI) (Fig 5, 6). BMI was calculated for each
subject using the weight (kg) / height (m)* formula, and was
interpreted according to the criteria for adolescent subjects
aged 14 to 18 years, referring to the percentile-specific
tables for sex and age, as indicated by Cole et al. (2000). The
results show that the research group is distributed as follows:
16.67 % of athletes fall into the underweight range, 50 % into
the normal weight range, 25 % overweight, and 8.33 % into
class I obesity. On the contrary, in the control group, 50%
of athletes are normal weight, while the remaining 50% are
overweight; no subject is underweight or obese. Again, the
t-test showed a statistically significant difference between
the two groups (tqg = -2.80, p = 0.012), confirming that
the weight profile of competitive athletes tends to be more
in line with optimal body composition conditions than
non-competitive peers. Cohen’s d value for BMI is -0.71,
indicating a moderate difference between the two groups,
with the research group having a lower average BMI than
the control group. This suggests that bowlers in the research
group tend to have a relatively lower weight than players in
the control group, a factor that could be related to physical
characteristics specific to the Raffa discipline.

BMI - Research Group

m Underweight
= Class 1 Obesity m Class 2 Obesity = Class 3 Obesity

m Normal Weight = Overweight

Fig. 5. BMI distribution research group

BMI - Control Group

m Underweight
m Class 1 Obesity m Class 2 Obesity = Class 3 Obesity

= Normal Weight = Overweight

Fig. 6. Control Group BMI Distribution

These results, taken together, suggest that competitive
junior athletes of the Raffa specialty exhibit anthropometric
characteristics closer to an ideal reference model, particularly
with regard to body weight and body mass index. Despite
the absence of a significant difference in height, the overall
profile appears consistent with a higher level of physical
preparation and weight control.

Discussion

The aim of this study was to analyze the anthropometric
characteristics of young athletes in the Raffa specialty, with
particular attention to height, weight and BMI, in order
to identify any correlations between these variables and
sports performance. The authors also sought to compare
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these data with those of a control group of non-competitive
practitioners, to assess the physical differences between
national-level junior athletes and their non-competitive
peers.

The first result that emerged from the study concerns
the average height of the young athletes of the Raffa, which
turns out to be 170.5 cm. This figure is lower than the
national average of young Italians, which is around 177 cm,
but this difference could have interesting biomechanical
implications. Athletes with a smaller stature could benefit
from greater stability when throwing the apparatus, thanks
to a lower center of gravity. This could positively affect the
precision and control of the technical gesture, favoring
greater postural stability during the throwing gesture
(Badruzaman, 2021; Paciorek, 1992; Miao et al., 2017).

The average height of the research team may suggest a
preference for athletes who do not excel in height, but who
benefit from better body control and a more advantageous
stable position. This feature could prove useful for the type
of movement required in the Raffle, which involves postural
stability and accuracy in throwing (Simsek et al., 2024;
Horowitz, 2009; Turkmen et al., 2013).

The results obtained are consistent with some evidence
in the scientific literature. Although sports such as basketball
require a tall stature, sports such as archery or curling, which
require precision and stability, show a preference for athletes
with an average or smaller stature. Eler (2018) noted that
the average height of Raffa adult national athletes is around
177 cm, while the young athletes in our study are below this
average, suggesting that Raffa’s specialty does not favor very
tall athletes (Helmi et al., 2024a).

The average weight of the athletes in the research group
was 65.8 kg, with an average BMI of 22.63, which falls within
the normal weight range, a sign of an adequate physical con-
dition for a competitive athlete. This value is in line with the
expectation of an athlete who practices the Raffa at a national
level. However, the BMI figure shows that 33.3 % of athletes
are overweight or even class I obese, which could indicate a
certain inattention to conditional physical training, and espe-
cially to physical culture in relation to the game of bowls. Al-
though the research team has a normal BMI average, the pres-
ence of overweight athletes suggests that some young people
may not be fully prepared physically (Helmi et al., 2021).

The weight and BMI data highlights a positive aspect,
with most athletes in an appropriate physical condition for
the competitive level, but also a certain criticality, with a
significant percentage of athletes overweight or even obese.
This may reflect a lack of attention to physical preparation,
which is an important factor in maintaining a competitive
level in a sport that, although technical, also requires
endurance and agility (Helmi et al., 2024b).

The results of the research team are partly in line with
the data of Eler et al. (2018), where the average BMI of senior
athletes in the Raffa is around 22.94, very close to the figure
of 22.63 observed in our sample. However, the presence of
athletes with overweight or obesity is an issue that requires
attention, as it has been found that the optimal physical
condition in athletes of precision and coordination sports,
such as Raffa, is that of a BMI in the normal weight range or
slightly lower (Hafidz et al., 2024; Costa, 2021).

As for the control group, the average height was 173.5 cm,
a higher value than the research group, but still close to the

national average of young Italians (Epicentro, 2025). The
average weight, on the other hand, was 74.5 kg, with a higher
average BMI than the research group, indicating that most
athletes in the control group are in the overweight range,
with a percentage of 50 % in this condition. These findings
may reflect a lack of focus on physical preparation for
bowls, or a non-competitive approach to physical training,
suggesting that many non-competitive practitioners do not
have a specific conditional training regimen (Irawan et al.,
2024; Kopp, 2022; Mardiah, 2022).

Data from the control group confirm that, without a
structured training program and attention to physical
preparation, practitioners tend to develop less than ideal
physical conditions, with a significant percentage being
overweight. This is a worrying aspect, which underlines the
importance of promoting a sports culture even among non-
competitive athletes, in order to ensure a balanced approach
to sports practice.

The distribution of BMI in the control group aligns with
data reported in previous studies examining the physical
status of Italian adolescents (Maffeis et al., 2023), where
there is a worrying trend towards overweight and obesity
among young people. The literature also supports the need
for awareness-raising interventions to improve physical
preparation, not only among competitive athletes, but
also among non-competitive practitioners (Irawan, 2019;
Nurhasan et al., 2024).

In general, the results obtained in the present study are
in line with the initial research hypotheses, highlighting
some common anthropometric characteristics among
young Raffa athletes. Although physical preparation is
adequate in many cases, the presence of overweight or obese
athletes in both the research group and the control group
underlines the importance of a conditional training program
that accompanies sports technique. It is hoped that future
research will explore the somatotype of junior athletes,
using methods such as those of Heath & Carter (1967), to
gain an even deeper understanding of the ideal physical
characteristics for Raffa’s specialty.

The study in question therefore aimed to explore the
anthropometric characteristics of junior athletes in the
Raffa specialty, an aspect still little explored in the scientific
literature. The results obtained provide interesting and useful
data to improve the physical preparation of young athletes
and help to fill a gap in the sports research landscape.

However, the study has some limitations that must be
considered. First, the sample size is relatively small, with
only 20 athletes involved, divided into two groups of 10
participants each. This limited number of subjects may
not fully represent the total population of junior athletes
in the Raffa, reducing the ability to generalize results. A
larger sample would allow us to have a more accurate and
representative view of the physical characteristics of Bocce
athletes. In addition, the study focused mainly on three
variables: height, weight and BMI, without including other
relevant parameters such as somatotype or body composition,
which could provide additional information on the physical
condition of the athletes. The effect of other factors, such as
diet or lifestyle, that could affect athletes’ body weight and
physical health was also not considered. In addition, the
sample was not randomly selected, and this could introduce
biases, particularly regarding the difference between the
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research group (competitive athletes) and the control group
(non-competitive athletes). Finally, the fact that the study is
cross-sectional represents another limitation, since changes
over time in the physical characteristics of athletes have not
been observed, which could evolve with age and with the
improvement of technical and physical skills.

Despite these limitations, the studio has numerous
strengths. First of all, the contribution to the scientific
literature is significant, as it offers food for thought on
an area that has not been much explored: the physical
characteristics of junior athletes in the Raffa. Objective data,
such as height, weight and BMI, represent parameters that
are easily repeatable and can be used by coaches and sports
professionals to monitor the health and physical condition
of athletes. In addition, the comparison between competitive
and non-competitive athletes allows us to highlight
significant differences in the level of physical preparation,
helping to better understand the importance of training for
the Raffa specialty. The results obtained are also useful for
designing targeted training programs that can improve the
physical condition of young practitioners. Finally, the results
of this study are consistent with other previous research,
confirming the robustness and reliability of the data.

Therefore, although the study has some limitations
related to the sample size and the lack of additional variables,
it still offers a significant contribution to the understanding
of the physical characteristics of junior athletes in the Raffa.
The information collected can be used as a basis for further
research and for the improvement of training practices for
young Bocce athletes. Future studies could explore these
issues by including a larger sample, additional variables, and
a longitudinal design to observe the evolution of physical
characteristics over time.

Conclusions

The sport of bocce, in particular in the specialty of the
Raffa, has seen a growing development at a competitive level
in recent decades, with an increasing attention to physical
preparation and the selection of young talents. Although
the scientific literature regarding the anthropometric
characteristics of bocce athletes, and in particular of young
Raffa players, is still limited, this study sought to fill part of
this gap, exploring the physical characteristics of national-
level junior players. The analysis of variables related to
height, weight and BMI has provided interesting insights
to understand the physical peculiarities of this category of
athletes and to develop future specific preparation models
for the discipline.

The results obtained revealed that the average height
of Raffa’s junior athletes is 170.5 cm, a figure that may
appear lower than the average height of Italian adolescents,
but which may confer biomechanical advantages related
to greater stability and a lower center of gravity during
the technical gesture of the throw. The average weight of
65.8 kg is in a normal weight range, with a BMI of 22.63,
consistent with the physical characteristics of a national-
level competitive athlete. However, the data also show that
a significant proportion of athletes are overweight or even
class I obese, an aspect that underlines the importance of
adequate physical preparation and athletic conditioning,
which is often neglected in this sport. In addition, the

comparison with the control group, made up of non-
competitive practitioners, highlighted evident differences
in physical composition, in line with the initial hypotheses.

The practical implications of the study manifest
themselves on several levels. Firstly, from a scientific point
of view, the work contributes to filling a gap in the Italian
and international sports literature, providing useful data
to the academic and sports community. Secondly, on a
practical level, the results can be used by sports federations
(such as the Italian Bocce Federation) to improve youth
selection processes, to design personalized training paths
and to optimize talent development strategies. In addition,
sports training schools, functional assessment centers and
coaches themselves will be able to have more objective tools
to assess the suitability of athletes during the recruitment
phase, but also to monitor progress over time and intervene
in a targeted way on physical preparation. Finally, the work
aims to contribute to a greater professionalization of the
sport of bocce, bringing it closer and closer to consolidated
disciplines in terms of scientific analysis of the athletic
gesture and physical preparation. A distinctive aspect
of this study lies in the integrated and multidimensional
approach to anthropometric evaluation. In this way, the
aim is to build an in-depth descriptive model, which can
serve as a reference for future comparative studies, also in
other bowling specialties or in sports similar to technical
requirements.

Looking ahead, future research developments could
include the integration of more detailed measurements of
body composition (particularly the percentage of lean and
fat mass) and somatotype, using validated protocols such as
that of Heath & Carter. The introduction of a larger and more
diverse sample, including athletes of different age groups and
from different backgrounds, could allow for more general
results that are applicable at national and international
level. A longitudinal design, which allows athletes” physical
changes to be monitored over time, would be particularly
useful for understanding how physical characteristics
evolve with age and competitive experience, as well as for
identifying the best training strategies during various stages
of development.

In conclusion, this study represents a significant first
step in understanding the anthropometric characteristics
of the young bowler in the Raffa, with implications for the
training, selection and development of talent in this sport.
While there are still many areas to explore, the information
gained is a valuable starting point for improving athletes’
physical fitness and contributing to their success in
competitive competition.
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Abstract

Background. Given the sport’s complex aerobic-anaerobic demands, optimizing training methodologies is crucial for
improving players’ repeated sprint ability, sustaining effort throughout matches, and enhancing overall performance.
While hockey requires significant anaerobic power for explosive movements and sprints, the intermittent nature of
the game also places considerable demands on aerobic systems for recovery between high-intensity efforts.
Objectives. This study aimed to evaluate and compare the effectiveness of Small-Sided Games (SSG) and High-
Intensity Interval Training (HIIT) in enhancing anaerobic endurance among adolescent field hockey players.
Materials and methods. A total of 36 adolescent male hockey players (aged 15-17 years) participated in this study
and were randomly assigned to three groups: SSG (n = 12), HIIT (n = 12), and an Active Control Group (ACG)

(n = 12). The intervention lasted for six weeks, with each training group engaging in their respective training
modalities three times per week. Anaerobic endurance was evaluated through the Running-Based Anaerobic Sprint
Test (RAST) both prior to and following the intervention. A Two-Way Mixed ANOVA was conducted to analyze the
interaction between time (pre-test vs. post-test) and group assignment.

Results. Both the SSG and HIIT groups demonstrated significant improvements in anaerobic endurance compared
to the ACG. The SSG group exhibited a greater reduction in RAST values (5.03 %) than the HIIT group (3.71 %).
Statistical analysis revealed a significant main effect of time and group (F = 14.80, p < 0.001, n°, = 0.47), indicating a
meaningful impact of both interventions. Post hoc comparisons showed that the SSG group outperformed the HIIT
group, though both significantly improved anaerobic endurance compared to the control.

Conclusions. This study confirms the efficacy of both SSG and HIIT in enhancing anaerobic endurance in adolescent
hockey players, with SSG demonstrating slightly superior benefits. The findings suggest that integrating sport-specific
drills, as seen in SSG, may yield greater physiological and tactical improvements than traditional HIIT protocols.
Further research is needed to explore long-term adaptations, injury risk, and the potential benefits of combining both
training methods for optimal performance enhancement.

Keywords: anaerobic endurance, adolescent athletes, field hockey, repeated sprint ability.

Introduction decision-making under fatigue, making anaerobic endurance
a critical component of performance (Ihsan et al., 2017).
The physiological demands of hockey are well-documented,
with contemporary studies showing that players cover
approximately 5-8 km during a match, of which 1.5-2.5 km
are high-intensity efforts, including sprints and accelerations
(McGuinness et al., 2019; Noblett et al., 2023). These efforts

Field hockey is an extremely demanding sport physically
as it requires a mix of anaerobic endurance, technical skill,
and tactical awareness. Players have to repeatedly perform
high-intensity sprints, rapid changes of direction, and precise

© Saha, S., Obhrai, S., Vishwakarma, R., Mondal, P., Nagesh, are interspersed with brief recovery periods, highlighting the
Prasad, B., Upadhyay, K., & Singh, D. K., 2025. importance of repeated sprint ability (RSA) and the capacity

to recover quickly between bouts of intense activity (Taylor

(@ ffc”é'vs & Jakeman, 2022). Additionally, the tactical demands of
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hockey, such as maintaining positional awareness, executing
quick passes, and making split-second decisions, further
compound the physical challenges (Weigel et al., 2015). In
order to meet these demands, training programs have to
be designed in a way that address both the physiological
and tactical aspects of the game. However, many traditional
training approaches fail to provide the intensity and
specificity required to adequately improve both aerobic and
anaerobic performance, particularly in adolescent athletes
who are still developing physically and technically (Sulyma
et al., 2017). This gap in training effectiveness underscores
the need for well-designed, sport-specific programs that
cater to the unique needs of young hockey players.

In recent years, two training modalities have emerged as
promising tools for enhancing hockey performance: Small-
Sided Games (SSGs) and High-Intensity Interval Training
(HIIT). SSGs are modified versions of the game, typically
involving fewer players, smaller playing areas, and adapted
rules. These games are designed to replicate the intensity
and tactical demands of match play while simultaneously
developing technical skills and physical fitness (Arslan et
al.,, 2020; Clemente et al., 2021). Recent studies have shown
that SSGs can elicit heart rate responses between 88-96% of
maximum heart rate, which aligns with the physiological
demands observed during competitive matches (Noblett et
al., 2023). This makes SSGs an effective tool for improving
both physiological capabilities and sport-specific skills, such
as agility and decision-making, which are crucial for hockey
performance (Arslan et al., 2020; Clemente et al., 2022).
On the other hand, HIIT involves short bursts of intense
exercise followed by periods of rest or low-intensity activity.
This training method has been widely recognized for its
ability to improve both aerobic and anaerobic performance
markers, such as maximal oxygen uptake (VO2max),
anaerobic threshold, and repeated sprint ability (Kunz et
al.,, 2019; Ouertatani et al., 2022). For instance, Paul et al.
(2016) found that HIIT protocols consistently produced
superior improvements in VO2max compared to traditional
training methods in team sport athletes (Paul et al., 2016).
In the context of hockey, structured HIIT programs have
been shown to enhance players' ability to maintain high-
intensity efforts during matches (Quezada et al., 2021).
Despite the proven efficacy of both SSGs and HIIT, there
is limited research directly comparing their effectiveness
in developing anaerobic endurance, particularly among
adolescent hockey players. While SSGs offer the advantage
of integrating technical, tactical, and physiological demands,
HIIT provides a more controlled environment for targeting
specific physiological adaptations. This raises important
questions about which training modality is more effective
for improving anaerobic endurance in young athletes.
Additionally, the influence of training modality on sport-
specific performance measures, such as agility and decision-
making, remains inadequately explored (Narayanan et al.,
2025). Furthermore, optimal programming parameters
for both SSGs and HIIT, including work-to-rest ratios and
progression models, have yet to be empirically validated
for adolescent athletes (Narayanan et al., 2025). Another
critical consideration is the interaction between training
modality and biological maturation status. Adolescence is
a period of rapid physiological development, and the rate at
which young athletes mature can significantly impact their

response to training (Lloyd et al., 2016). For example, early-
maturing athletes may experience greater improvements
in strength and power, while late-maturing athletes may
benefit more from training that emphasizes technical and
tactical development. Despite the importance of this factor,
few studies have considered the developmental stage of
adolescent athletes in their experimental design, leaving
a gap in our understanding of how to optimize training
for this population (Lloyd et al., 2016). This study aims
to address these limitations by systematically comparing
the effects of SSGs and HIIT on anaerobic endurance in
adolescent hockey players. To evaluate anaerobic endurance,
players were tested using the Running-Based Anaerobic
Sprint Test (RAST) before and after a 6-week intervention
program. Research validates the RAST as a reliable measure
of anaerobic power and capacity, making it an effective tool
for assessing the impact of training on repeated sprint ability,
which time-motion analyses have established as a critical
component of hockey performance (Zagatto et al., 2009). By
focusing on this specific metric, the study provides a clear
and objective comparison of how SSGs and HIIT influence
anaerobic endurance in young athletes.

It is hypothesized that both SSGs and HIIT will
significantly improve anaerobic endurance, as measured by
the RAST, in adolescent hockey players. However, due to
the sport-specific nature of SSGs, which integrate technical,
tactical, and physiological demands, it is hypothesized that
SSGs may lead to slightly greater improvements in anaerobic
endurance compared to HIIT. As youth hockey continues
to evolve with increasing physical and tactical demands,
evidence-based training methods become crucial for optimal
athlete development. This study aims to provide practitioners
with validated guidelines for implementing training
methods that effectively develop anaerobic endurance while
considering the unique characteristics of adolescent athletes.
Furthermore, the findings will contribute to the broader
understanding of training specificity and transfer in youth
team sports, potentially influencing future approaches to
long-term athlete development.

Materials and methods

Participants

This study involved 36 adolescent hockey players aged
15-17 years, active members of a regional hockey training
academy in Gwalior, Madhya Pradesh, India. The partici-
pants were divided into three groups: Small-Sided Games
(SSG) (n = 12), High-Intensity Interval Training (HIIT)
(n =12), and an Active Control Group (ACG) (n = 12). The
average age of the participants was 16.38 + 0.76 years in
the SSG group, 16.15 + 0.89 years in the HIIT group, and
16.23 + 0.83 years in the ACG group. The average weight
of the participants was 53.53 + 2.69 kg in the SSG group,
54.07 + 2.84 kg in the HIIT group, and 53.07 + 2.62 kg
in the ACG group. The participants’ average height was
159.92 + 2.25 cm in the SSG group, 159.69 + 2.28 cm in the
HIIT group, and 159.46 + 2.18 cm in the ACG group. All
players had a minimum of three years of competitive experi-
ence. Prior to the commencement of the study, both adoles-
cent athletes and their guardians were thoroughly informed
about the study’s objectives, procedures, potential risks, and
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benefits. A comprehensive information sheet detailing the
nature of the interventions and assessments was provided to
ensure transparency. To secure informed consent, athletes
and their guardians were encouraged to ask questions and
seek clarification from the research team. Written informed
consent was obtained from both the athletes and their legal
guardians, who voluntarily signed consent forms after being
assured of their right to withdraw from the study at any time
without any impact on their training programs or athletic
development. All personal data and performance outcomes
were kept strictly confidential, with participants identified
through unique codes for data collection and analysis. It
adheres to the ethical guidelines specified in the Declaration
of Helsinki, emphasizing respect for human participants,
confidentiality, voluntary involvement, and the right to
withdraw at any point without repercussion (World Medical
Association, 2013).

Procedure

A pre-experimental design with two groups and a pre-
test-posttest structure was utilized. Anaerobic endurance
was measured using the Running-Based Anaerobic Sprint
Test (RAST) both before and after a six-week intervention
program. Data collection was conducted using precise and
validated instruments. The RAST, with a validity coefficient
of 0.897 and a reliability score of 0.919, was employed to as-
sess anaerobic endurance performance (Bongers et al., 2015;
Wibisana, 2020). The SSG group followed a structured small-
sided games program, the HIIT group underwent a high-
intensity interval training protocol, and the ACG continued
with their regular activities without any specific training pro-
gram. Post-intervention, the data were analyzed to compare
the effectiveness of the two methods. Each group partici-
pated in the training program three times per week (Tuesday,

Table 1. Small-Sided Games (SSG) Program

Thursday, and Saturday) for a duration of six weeks. Every
session commenced with a warm-up, proceeded with the
implementation of the program or game, incorporated a tac-
tical phase, and concluded with a cool-down. The program
was systematically followed throughout the study period.
Table 1 outlines the SSG phase, and Table 2 details the HIIT
phase. For the SSG group, the intensity, repetitions, distance,
and rest time were adjusted weekly to reflect the progression
of the program. Similarly, for the HIIT group, the intensity,
repetitions, and rest periods were modified each week to
align with the changing demands of competition. Intensity
was carefully monitored using structured training proto-
cols based on predetermined work-to-rest ratios, exercise
duration, and intensity levels. However, real-time heart rate
monitoring was not used during the sessions.

The athletes were not explicitly matched for fitness levels
before the intervention. Instead, they were assigned to the
three groups using stratified random sampling to ensure a
balanced distribution of participants across the SSG, HIIT,
and ACG groups. This approach helped minimize bias and
ensured that each group had a similar mix of players in terms
of age, experience, and baseline performance. By using this
method, the study aimed to create comparable groups while
maintaining the practicality of implementing the training
programs in a real-world setting. This design allowed for a
clear comparison of the effects of SSG and HIIT on anaerobic
endurance, while the ACG served as a baseline to account
for any external factors that might influence the results.

Each group trained three times per week for 45 minutes
under controlled supervision. All sessions included a
standardized warm-up and cool down phase. Players
underwent the RAST again to evaluate changes in anaerobic
endurance, comparing pre and post test scores.

Statistical Analysis. Statistical analyses were performed
using SPSS version 26, with a significance threshold of p

Week  Meeting Type of SSG Activity

Training Description

5 repetitions, with each repetition lasting 2 minutes, followed by a 2-minute rest period (1:1
work-to-rest ratio). The training was structured into 3 sets, with a 4-minute rest interval
between sets (1:2 ratio). The activity took place within a 25x20m area, performed at an

5 repetitions, each lasting 2 minutes, with a 2-minute rest period between repetitions,
maintaining a 1:1 work-to-rest ratio. The program comprised 3 sets, with a 4-minute
rest interval between sets, following a 1:2 ratio. The exercises were performed within a
20x15-meter area at an intensity of 80 %.

5 repetitions, each lasting 2 minutes, with a 2-minute rest period between repetitions,
maintaining a 1:1 work-to-rest ratio. A total of 4 sets were performed, with a 4-minute
recovery time between sets, following a 1:2 ratio. The exercises were conducted within a
15x12-meter area at an intensity level of 80 %.

5 repetitions, each lasting 1 minute, followed by a 1-minute rest period, maintaining a 1:1
work-to-rest ratio. A total of 3 sets were performed, with a 3-minute rest interval between
sets, following a 1:3 ratio. The exercises were conducted within a 12x10-meter area at an

5 repetitions, each lasting 1 minute, with a 1-minute rest period between repetitions,
maintaining a 1:1 work-to-rest ratio. The program comprised 3 sets, with a 3-minute
rest interval between sets, following a 1:3 ratio. The exercises were conducted within an
8x6-meter area at an intensity of 95 %.

1 1-3 5v5

intensity of 75 %.
2 4-6 4v4
3 7-10 3v3
4 11-13 2v2

intensity of 90 %.
5 14-16 1vl
6 17-20 3v3

5 repetitions, each lasting 2 minutes, with a 2-minute rest period between repetitions,
maintaining a 1:1 work-to-rest ratio. A total of 3 sets were performed, with a 4-minute
recovery time between sets, following a 1:2 ratio. The exercises were conducted within a
15x12-meter area at an intensity of 80 %.
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Table 2.High-Intensity Interval Training Program

Week Meeting Reps Training Description
1 1-3 6 23m line sprints; Rest between reps: 1:2; Area: Between 23m lines; Intensity: 75 %
2 4-6 6  Baseline to halfway line; Rest between reps: 1:2; Area: Half field length; Intensity: 80 %
3 7-10 6  Diamond running pattern (cons); Rest between reps: 1:2; Area: 25x25m square; Intensity: 80 %
4 11-13 5 Full field shuttles; Rest between reps: 1:3; Area: Full field length; Intensity: 90 %
5 14-16 5  Circle-to-circle sprints; Rest between reps: 1:3; Area: Between Shooting circles; Intensity: 95 %
6 17-20 6 Zigzag sprints with ball; Rest between reps: 1:2; Area: 30x20m; intensity: 80 %

< 0.05. Descriptive statistics, including mean and standard
deviation, were calculated for all measured variables. Before
conducting inferential analysis, data normality was evaluated
using the Shapiro-Wilk test. To examine the differential
effects of training interventions, a Two-Way Mixed ANOVA
was performed with time (pre-test vs. post-test) as a within-
subject factor and group (SSG, HIIT, Control) as a between-
subject factor. This approach enabled the assessment of
(1) the main effect of time, indicating whether anaerobic
endurance improved across all groups; (2) the main effect of
group, determining whether training interventions differed
in effectiveness; and (3) the interaction effect (time*group),
evaluating whether training-induced adaptations varied
across groups. Paired t-tests were applied within each group
to assess intra-group changes from pre- to post-intervention.
Effect sizes, represented by partial eta squared (n2p), were
calculated to quantify the magnitude of observed differences
(Cohen, 1988). For all statistical tests, results were interpreted
in accordance with best practices for sports science research,
ensuring methodological rigor and reproducibility.

Results

The findings of the study, as illustrated in Table
3, illustrate the impact of SSG and HIIT on anaerobic
endurance, measured using the RAST in adolescent hockey
athletes. The pre and post intervention data indicate that
both experimental groups SSG and HIIT demonstrated
improvements in anaerobic endurance, while the ACG
showed negligible change.

Table 3 the SSG group exhibited a significant reduction
in RAST values from 37.33 + 0.89 to 35.45 + 0.90, reflecting
a 5.03 % improvement. Similarly, the HIIT group showed a
decrease from 36.62 + 1.22t0 35.26 + 1.09, corresponding to a
3.71 % enhancement. In contrast, the ACG group maintained
relatively stable values (36.35 + 0.80 to 36.34 + 0.82), with a
negligible change of -0.02 %. Statistical analysis using Two-
Way Mixed ANOVA revealed a significant main effect of
training interventions on anaerobic endurance, with an
F-value of 14.80 (p <0.001), indicating a substantial difference
between groups. The partial eta squared (%, = 0.47) suggests
a large effect size, confirming the meaningful impact of the

interventions. These findings support the efficacy of both
SSG and HIIT in enhancing anaerobic endurance, with SSG
demonstrating a slightly greater improvement.

The paired t-test analysis, as presented in Table 4,
evaluates the within-group differences in anaerobic
endurance (RAST) following the intervention period
for each training group. The results indicate a significant
improvement in anaerobic endurance in both the SSG and
HIIT groups, while no meaningful change was observed in
the ACG.

Table 4. Paired t-test Analysis of Small-Sided Games and
High-Intensity Interval Training on Anaerobic Endurance
(RAST) in Adolescent Hockey Athletes

Variable Group SE t P
SSG .32 5.84 <0.001
RAST HIIT .29 4.68 <0.001
ACG .02 .50 0.623

Table 4 for the SSG group, the paired t-test revealed a
statistically significant reduction in RAST values (t = 5.84,
p < 0.001), with a standard error (SE) of 0.32, confirming a
substantial improvement in anaerobic endurance following
the intervention. Similarly, the HIIT group exhibited
a significant enhancement in anaerobic endurance, as
evidenced by a t-value of 4.68 (p = <0.001) and an SE of
0.29. These findings suggest that both training modalities
effectively enhanced anaerobic performance. In contrast, the
ACG group did not demonstrate a statistically significant
change in RAST values (t = 0.50, p = 0.623), with a minimal
standard error 0o£0.02. This result indicates that participantsin
the active control group maintained their baseline anaerobic
endurance levels without significant improvement.

Discussion

This study compared the effectiveness of SSG and HIIT
in improving anaerobic endurance among youth hockey
players. As hypothesized, the results showed that both train-
ing methods significantly boosted anaerobic performance,
as measured by the RAST. These findings are consistent with

Table 3. Analysis of Small-Sided Games and High-Intensity Interval Training on Anaerobic Endurance (RAST) in

Adolescent Hockey Athletes

Pre data Post data

Variable  Groups M £ SD M £ SD A (%) SS F p n’
SSG 37.33 £.89 35.45 £.90 -5.03

RAST HIT 36.62+1.22 35.26 £1.09 -3.71 11.17 14.80 <0.001 47
ACG 36.35 £ .80 36.34 £ .82 -0.02
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previous research on SSG and HIIT in team sports (Kunz et
al., 2019) and support their use in structured hockey training
programs. The improvements in anaerobic endurance can be
linked to the physiological adaptations triggered by both SSG
and HIIT (Tacono et al,, 2015). Specifically, the SSG group
saw a 5.03% reduction in RAST values, while the HIIT group
showed a 3.71% reduction. This highlights the effectiveness
of both approaches in enhancing short-duration, high-inten-
sity performance, which is crucial for hockey, where repeated
bursts of speed and power are essential. The novel contribu-
tion of this research lies in being the first to directly compare
these training modalities in field hockey, particularly within
the adolescent population. While studies have examined SSG
and HIIT separately in various sports, our findings uniquely
demonstrate their comparative efficacy for field hockey-spe-
cific anaerobic adaptations. Furthermore, this study advances
the existing literature by identifying the parameters of SSG
that yield optimal training stimuli for hockey, specifically the
progression from 5v5 to 1vl formats and their subsequent
physiological impact. The established work-to-rest ratios
(1:1 to 1:3) and spatial constraints (25x20m to 8x6m) docu-
mented here represent novel, evidence-based guidelines for
field hockey coaches working with adolescent athletes. These
results are consistent with trends reported by Ansori et al.
(2024), who observed improvements in anaerobic endurance
following both SSG and HIIT in young football players, with
SSG showing a slightly stronger effect (Ansori et al., 2024).
While football and field hockey differ in match structure and
field size, the comparison provides a useful perspective on
the potential effectiveness of SSG-based training.

One possible reason SSG led to slightly greater improve-
ments could be the integration of neuromuscular adaptations,
such as agility and coordination, alongside physiological con-
ditioning (Clemente et al., 2021). Unlike HIIT, which primar-
ily focuses on metabolic adaptations, SSG requires players
to perform sport-specific movements, rapid changes of di-
rection, and quick decision-making under fatigue. These de-
mands likely stimulate neuromuscular pathways, enhancing
motor skills and coordination, which are critical for hockey
performance (Clemente et al., 2022). For example, the con-
stant stop-and-go nature of SSG mimics the dynamic move-
ments required during a game, potentially leading to better
agility and faster reaction times (Arslan et al., 2020). This
could explain why SSG had a slight edge over HIIT in improv-
ing anaerobic endurance, as it combines physical and tactical
elements in a way that HIIT does not. A particularly innova-
tive finding from our study is the identification of a potential
"transfer advantage" in SSG training, where physiological ad-
aptations appear to be more effectively translated into sport-
specific performance gains. This suggests a new framework
for understanding training specificity in field hockey, where
the contextual similarity between training stimulus and com-
petitive demands may amplify adaptation responses beyond
what physiological markers alone would predict. The superior
improvement in RAST performance following SSG training
(5.03% vs. 3.71% in HIIT) presents new evidence that the
neural and tactical learning occurring simultaneously with
physiological conditioning may create a synergistic effect not
previously quantified in hockey training literature.

From a physiological perspective, HIIT is known to
heavily recruit fast-twitch muscle fibres, which are essential
for explosive movements like sprinting, rapid accelerations,

and intense braking (Maclnnis & Gibala, 2017). This type
of training improves the efficiency of anaerobic glycolysis
and enables muscles to resynthesise phosphocreatine, allow-
ing players to sustain high-intensity efforts for longer peri-
ods (Ouertatani et al., 2022). However, while HIIT excels in
building metabolic capacity, it doesn’t fully replicate the tac-
tical and decision-making demands of hockey. On the other
hand, SSG not only triggers similar physiological responses
but also enhances tactical awareness and decision-making.
For instance, Arslan et al. (2020) found that SSG improves
players’ ability to read the game, anticipate opponents’
moves, and execute skills under pressure (Arslan etal., 2020).
These cognitive and tactical benefits may give SSG an edge
when it comes to transferring improvements to actual game
performance (Clemente et al., 2021). Our research makes a
significant contribution to field hockey training periodiza-
tion models by demonstrating that the established principles
of progressive overload must incorporate not only physi-
ological but also neurocognitive and sport-specific technical
parameters. The findings suggest that training prescription
in hockey should evolve beyond traditional models focused
primarily on cardiovascular and metabolic adaptations to
include considerations of tactical learning integration. This
represents a paradigm shift in how training adaptations are
conceptualized in intermittent team sports like field hockey,
distinguishing our work from studies in continuous endur-
ance sports or strength-power athletic domains.

The improvements seen in both SSG and HIIT can di-
rectly translate to better on-ground performance. For ex-
ample, enhanced anaerobic endurance means players can
recover faster between shifts, allowing them to maintain
high-intensity efforts throughout the game. This is par-
ticularly important in hockey, where quick transitions and
counterattacks are key to gaining an advantage. Faster re-
covery also means players can sustain their speed and power
during critical moments, such as breakaways or defensive
plays. Additionally, the agility and coordination developed
through SSG can improve a player’s ability to navigate tight
spaces, evade opponents, and execute precise movements,
all of which are essential for success in hockey (Budiman,
2022).While the findings of this study are promising, there
are several limitations that need to be addressed. First, the
study only included male participants, which limits its ap-
plicability to female athletes. Future research should explore
whether similar results are observed in female hockey play-
ers, as physiological and tactical responses to training can
vary between genders. Second, the six-week intervention
period may not be sufficient to assess long-term adapta-
tions. Longer studies are needed to determine whether the
improvements in anaerobic endurance are sustained over
time and how they impact overall performance in competi-
tive settings. Another limitation is the reliance on RAST as
the sole measure of anaerobic endurance. While RAST is a
valid and reliable test, it doesn’t capture other important as-
pects of performance, such as agility, reaction time, or tech-
nical skills. Incorporating additional measures, like time-
motion analysis or lactate threshold testing, could provide
a more comprehensive understanding of the physiological
and tactical adaptations induced by SSG and HIIT (Ouer-
tatani et al.,, 2022). Our study offers a methodological inno-
vation through the structured progression of both training
interventions, systematically manipulating variables such as
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player numbers, spatial dimensions, work-to-rest ratios, and
exercise intensity. This progressive approach represents a
departure from many previous studies that employed static
training parameters throughout the intervention period. By
documenting both the acute and cumulative effects of this
progressive overload model specifically tailored for adoles-
cent hockey players, our research provides novel insights
into age-appropriate training prescription that respects bio-
logical development while maximizing training adaptations.

Furthermore, the study didn’t account for the potential
injury risks associated with both training types. High
intensity training, whether through SSG or HIIT, can
increase the risk of overuse injuries, especially in young
athletes. Future research should investigate injury rates
and recovery patterns to better understand how to balance
training intensity with athlete safety. Given that both
SSG and HIIT vyielded significant improvements, coaches
might consider using a hybrid approach that combines the
strengths of both methods. For instance, HIIT could be used
to build foundational anaerobic capacity, while SSG could
be incorporated to enhance sport-specific skills and tactical
awareness. Periodization of trainingisalso key coaches should
gradually increase the intensity, volume, and complexity
of SSG sessions to maximize physiological and tactical
benefits. Variables like player numbers, field size, and game
duration can be adjusted to keep the training challenging
and engaging (Arslan et al., 2020). Additionally, monitoring
toolslike heart rate trackers and perceived exertion scales can
help tailor training intensities to individual athletes’ needs.
This is especially important for youth players, who may have
varying levels of physical and tactical development. Finally,
since SSG is generally perceived as more enjoyable than
HIIT (Selmi et al., 2020), incorporating game-like scenarios
and competitive elements into training sessions could boost
motivation and engagement. This is crucial for long-term
athlete development, as enjoyment often plays a big role in
keeping young players committed to the sport.

Conclusions

The results of this study confirm that both SSG and HIIT
effectively improve anaerobic endurance in youth hockey
players, with SSG providing slightly superior benefits.
These findings align with existing research across multiple
team sports, reinforcing the role of SSG in developing both
anaerobic performance and sport-specific skills. While
HIIT remains an effective method for conditioning, the
integration of SSG into training programs may provide
additional benefits in motivation, technical proficiency,
and decision-making. Future studies should explore long-
term adaptations, injury risk, and the potential effects of
combining both methods in hockey training.
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Icropia nuraHHA. BpaxoByrwoun ckrajHi aepoOHi it aHaepoOHi HaBaHTAXXEHHs B CIIOPTi, ONTKUMI3allis TPEeHyBaTbHIX METO-
IOJIOTiit Mae BupillIajibHe 3HAYeHHS [ TOKPALEeHHs 3[JaTHOCTI TPaBIiB O IIOBTOPHMX CIIPMHTEPCHKMX 3a0iriB, MiiTpUMaHHs
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3yCI/Ib BIIPOJIOBXK MaTHiB Ta MifiBUILEHHs 3arajbHol pe3ynbraruBHOCTI. [Tompu Te, 110 XOKeit HOTpebye Bix rpaBLiB 3HAYHOI aHa-
epoOHOI ITOTY>KHOCTI I/I1 BUKOHAHH:A BIOYXOBUX PYXiB i CIIPUHTEPCHbKIX 3a6iriB, epeprBYaCTHIT XapaKTep TP TAKOXK BUCYBA€e
CYTTEBI BUMOTH JI0 aepOOHMX CUCTEM 3a/|/Ls1 Bi[HOB/IEHHS OpraHi3My MiXX BYICOKOIHTEHCUBHUMM HisSMIL.

Mera gocnifKeHHA. MeTolo 1[bOro TOCI/KEeHHA Oy/I0 OLIHUTU Ta HOPIBHATK ePeKTUBHICTD BUKOPUCTAHHA irOp HeBe/N-
kumn cknagamu (IHC) ta MeTomy BucOKOiHTeHCHMBHOTO iHTepBanbHOro TpeHysaHHA (BIIT) mopo migsumenna aHaepoOHOI BUI-
TPUBAJIOCTi Cepef XOKEICTiB Ha TPaBi MiIITKOBOTO BiKY.

Marepianu Ta MeTopm. Y OCTiIKeHH] B35/ y4acTh 36 I0HaKiB-XoKeicTiB (BikoM 15-17 pokiB), AKuX 6y110 posmnogpineHo 3a
MeropoM panpomisanii Ha Tpu rpymu: IHC (n=12), BIIT (n=12) ta rpyna aktusHoro kourpomo (F'AK) (n=12). Inrepsenuis tpu-
BaJjIa UIiCTh TVYKHIB, KO>KHA IPyIIa TPEHYBAIacsA TpMUYi Ha TYDKJEHb BiflMOBITHO 10 CBOTO PeXXKUMY TpeHyBaHb. OLliHIOBaHHA piBHA
aHaepOOHOI BUTPUBAIOCTI IIPOBOAMIOCH 32 ZOIIOMOTOI0 TECTY aHAePOOHOro CIpMHTY Ha 0CHOBI 6iry (Running-Based Anaerobic
Sprint Test, RAST) Ha mepep- i HOCTIHTepBEHIITHOMY eTalax JOCTiIKeHH:A. 3 MeTOI0 aHaIi3y B3aeMofii Mk yacoM (mperecT i
HOCTTECT) Ta IPYIIOBUM PO3IIOAI/IOM ITPOBeeHO ABOGAaKTOPHIIT 3MillTaHMIl JUCIepPCiiiHIIT aHaTi3.

Pesynprarn. B 060x rpynax (IHC ta BIIT) ciocTepiranocs 3Ha4He HMOJIIIIEHHA IIOKa3HUKIB aHaepOOHOI BUTPUBAIOCTI IO-
piBHsHO 3 rpynoo TAK. Ipyna IHC npogemoHcTpyBaa icroTHime sHybKeHHsA noka3HukiB RAST (5.03%), i rpyma BIIT (3.71%).
CraTuCTUYHWIT aHa/I3 BUSBUB CYTTEBUIT OCHOBHMIT BB Yacy Ta rpymu (F = 14.80, p < 0.001, n’p = 0.47), wo BKasye Ha 3Ha-
qymuit BIVIMB 060X iHTepBeniit. [Iposenents post hoc nopiBHsaHb Hokasano, mo rpyna IHC nepesepiuwia rpymy BIIT, ogHak
061/IB1 IPYIIN 3HAYHO MMOKPALIN/IN PiBeHb aHAePOOHOI BUTPUBAJIOCT] HOPIBHAHO 3 KOHTPOIBHOIO IPYIIO.

BucnoBkn. Y npoMy gocripkenHi miarBepmkeHo edektuBHicTh Bukopucranua Ak IHC, rak i BIIT mopo migBuimeHHA
aHaepoOHOI BUTpMBaNOCTi y XokeicTiB-mipiTkis, mpuuomy B IHC crioctepiraerbcs HesHayHa nepepara. Pe3y/nibraTyt JOCTiKeH-
Hs CBifj4aTh IIpO Te, 11O iHTerpaljisi BIpas, creludivHNX /s IeBHOTO BUAY CIIOPTY, sK mokaszaHo B IHC, Moxxe mpusBecTu 10
cyTreBimmx ¢isionorivHmx i TaKTMYHMX HOKpallleHb, HDK 3acToCyBaHHA Tpanuuiitaux nporokonis BIIT. HeobxinHo mposectn
MOJI/IbIIL JOC/TI/PKEHHS 3 METOI0 BYBYEHHSA JOBIOCTPOKOBUX aflalTalliiHUX IPOLIECIB, PU3UKY TPaBMyBaHHSA Ta IOTEHLIHNX
HepeBar MOefHAHH 000X METO/IIB TPEHYBAHbD /IS ONTVMA/IBHOTO IABNUIIEHHS Pe3y/IbTaTUBHOCTI.

Kiro4oBi croBa: aHaepoOHa BUTPUBAIICTD, CHOPTCMEHNU-IIIJIITKY, XOKell Ha TPaBi, 3aTHICTD /{0 TOBTOPHOTO CIIPUHTY.
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Abstract

Background. The study attempts to reveal those psychological leading indicators that have emerged as a consequence
of the recent regulatory changes in wrestling, which can ensure stable and high competitive results.

Objectives. This study aimed to identify the primary psychological factors that ensure the stability of a wrestler’s
high competitive results and to characterize the specifics of their manifestations, as influenced by the regulatory

requirements.

Materials and methods. To organize the research process more effectively, modern advanced sensory technologies,
tests, questionnaires, observations, and mathematical statistical methods were used. All of these techniques have
proven to be of practical significance in sports psychology. The study was conducted among 33 highly qualified
wrestlers from the national team of the Republic of Armenia (winners and medalists of World, European, and

International Competitions).

Results. The comparative analysis of the research results revealed the leading psychological indicators that ensure the
effectiveness of wrestlers’ competitive performance under previous and current regulatory requirements. The study
also interpreted the reliable interrelationships of these indicators with mental states, various stress factors, individual

personality traits, and psychomotor abilities.

Conclusions. In modern wrestling, the effectiveness of technical and tactical preparation is realized through the
patterns of interconnected manifestations of psychomotor indicators, whereas in the past, manifestations of the
emotional sphere prevailed, which have undergone significant transformations over the years due to regulatory

changes.

Keywords: regulatory changes, intercorrelation connections, psychomotor abilities, comparative analyses.

Introduction

The continuous structural and regulatory changes in
competitive activities introduce new requirements for
professionals in almost all sports fields (Arias et al., 2011;
Pluta et al., 2014; Janowski et al., 2020), including coaches,
educators, sports doctors, psychologists, and others (Li &
Hopkins, 2022; Rennie et al., 2024).

Wrestling is among the sports that undergo regulatory
changes from one Olympic Games to the next. These
changes not only pose new challenges for the wrestler’s
competitive style, tactics, and strategy but also introduce
new psychological challenges for athletes in international
competitions (Geghamyan, 2018).

© Geghamyan, V., Poghosyan, 1., & Hovhannisyan, S., 2025.
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The most significant regulatory changes in wrestling
were introduced by the International Wrestling Federation
in 2013 (United World Wrestling. Official Website) and
are still ongoing to this day. Significant changes have been
made to weight categories, the overall duration of matches
and competitions, and the draw system. Under the new
regulations, mandatory leg clinches in freestyle wrestling,
determined by the draw, have been eliminated, as well as
the kneeling position work in Greco-Roman wrestling. New
regulations have been introduced, including an increase in
the total duration of matches and competitions, changes in
the scoring system for techniques, adjustments to the timing
of athlete weighings, and many other similar modifications
(Matthew et al., 2005; Tiinnemann, 2013; Korobeynikov et
al., 2016).

The aforementioned regulatory changes, along with
the increased intensity of participation in competitions,
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the expanded volume of training loads, and other factors in
recent years, have introduced new psychological challenges
for wrestlers (Ahmed Abdo Hassan Abdel Wareth, 2022;
Farzizadeh & Abravesh, 2022; Mousavi et al., 2023). These
challenges require the effective distribution of physical
and mental resources, an acute sense of time perception,
mobilization readiness, functional abilities for rapid and
efficient recovery, a specialized level of development in
musculoskeletal sensations, a high degree of development
in sensorimotor reactions, exceptional stability to external
and internal stress factors, strong willpower, competitive
psychological reliability, and more (Rutkowska & Gierczuk,
2017; Rutkowska, Gierczuk, & Buszta, 2020; Ranjbar et al,,
2023). Due to all this, despite many years of experiments
and research, the previously studied and developed
psychological indicators that ensure the effectiveness of a
wrestler’s competitive activity are not justified under current
conditions (Eklund, Gould, & Jackson, 1993; Bernthal &
Medway, 2005; Geghamyan, 2016), and this issue has not yet
been finally clarified and needs to be continuously improved
in the ways of its implementation (Cieslinski, Gierczuk, &
Sadowski, 2021; Korobeynikov, 2022).

Thus, the problem of revealing the psychological
foundations of the effectiveness of a wrestler’s competitive
activity is one of the primary requirements of psychological
science and sports psychology, as it is one of the main
guarantees of achieving high results in sports.

Research hypothesis: It is assumed that the psychological
indicators of competitive performance efficiency in wrestling
are significantly linked to the regulations adopted by the
International Wrestling Federation. As these regulations
change, they in turn evolve and introduce new demands on
the wrestler’s readiness and psychological state.

The study purpose: To identify the primary mental
factors that ensure the stability of a wrestler’s high competitive
results and to characterize the specific ways these factors
manifest, influenced by the regulatory requirements.

Materials and Methods

Study Participants

The research included 33 highly qualified wrestlers
from the national team of the Republic of Armenia (winners
and medalists of World, European, and international
competitions).

Study Organization

The research was carried out in 2023-2024, in the Chair
of Sports Pedagogy and Psychology of Armenian State In-
stitute of Physical Culture and Sport and in the scientific re-
search laboratories of the Institute “Sport EMI”. The research
process adhered to the requirements of the Helsinki Declara-
tion, and the results were approved by the Ethics Committee
of Armenian State Institute of Physical Culture and Sport.

The research focused on studying the indicators of
wrestlers’ mental phenomena (mental processes, emotional
states, personal and psychomotor abilities, etc.) that (Gould,
Eklund, & Jackson, 1992; Ahmet Islam, 2022; Matkarimov
et al.,, 2024), according to several authors, can serve as
key and leading factors in achieving high competitive

performance (Fuentes et al., 2020; Dominic Malcolm et al.,

2023; Poghosyan et al. 2024) .

In 2012-2014 based on the results of the research, a
comparative and correlational analysis of the psychological
indicators of the highly qualified wrestlers, who participated
in competitions under the previous regulations, was carried
out by us.

The following methods were included in the research
process:

1. In the laboratory-instrumental studies, reactionometry
equipment was used, allowing for the assessment of
indicators of simple, complex, and motor reactions
to moving objects. The emotional-volitional domain
indicators of the wrestlers were diagnosed using methods
of electrodermal resistance and tremometry. Indicators
of movement tempo self-regulation and mobilization
readiness were assessed through the tapping test.

2. Non-instrumental methods were implemented based
on the following:

o V. E. Milman’s questionnaires on “Competitive
Mental Reliability” and “Pre-Competition Mental
States Diagnosis,”

o The Khanin-Spielberger Anxiety Self-Assessment
Scale,

« Eysenck’s Personality Inventory (EPI version),

o L.P.Ponomarenko and R. V. Belousova’s “Assessment
of Personality Stress Resistance” test,

o R.Lazaruss “Coping Strategies” questionnaire,

« N. Hall’s “Emotional Intelligence” questionnaire,

3. Mathematical statistical methods: The processing
of numerical data was carried out using the StatPlus
Pro software. This was aimed at the comparative and
correlational analysis of indicators related to wrestlers’
mental readiness, as well as the analysis of factor
indicators. Based on the results, psychological profiles
were developed.

Statistical Analysis

Overall, more than 60 psychological indicators of
wrestlers were studied. From the multitude of obtained
indicators, those with the most reliable and direct
correlations were selected. These indicators held central
positions within the system of all the studied variables due
to their significance.

Among the presented factors, the indicators primarily
included those with a factor weight of r = 0.40 or higher.

Results

Through research, an attempt was made to conduct a
comparative analysis of the leading psychological indicators
that ensure the effectiveness of wrestlers’ competitive
performance under the conditions of former and current
regulatory requirements. The goal was to identify and
interpret their reliable correlational relationships with
mental states, various stress factors, personal characteristics,
and psychomotor abilities (See Figures 1 and 2).

The results of previous research, presented in Figure 1
(Geghamyan, V., 2016), indicate that the following
demonstrated the most numerous and strongest correlational
relationships:
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The indicator of competitive emotional endurance,
which ensures “mental freshness” during training and
competitive processes. This mental freshness serves as a
foundation for the effective functioning of not only other
mental phenomena but also for the manifestation of physical,
technical, and tactical readiness, as well as the organism’s full
reserve energy and capabilities.

The indicator of internally meaningful stressors, which
is reflected in the wrestler’s fears and doubts. These are
associated with concerns about effectively demonstrating
readiness when needed, losing points, sustaining injuries,
failing to meet the expectations of the coach and teammates,
or having their personal initiatives fail. Such stressors lower
the wrestler’s confidence in their own abilities.

These indicators have reliable correlational relationships
not only with each other but also with personal psychological
characteristics, mental states, and psychomotor abilities. This
provides a basis for considering that these two indicators,
along with those correlated with them, were previously the
leading and primary indicators in wrestling.

Fig. 1. Reliable correlational relationships among the studied
indicators prior to the 2013 regulatory changes (Geghamyan
V., 2016). Note: - Leading indicators; O — Main indicators.
Competitive Emotional Resilience (CER), internally meaningful
stressor (IMS), Pre-Competition Apathy (A), Pre-Competition
Fever (F), Personal Anxiety (PA), Combat Readiness State (CRS),
Emotional Tension (ET), Neuroticism (N), Reaction to a Moving
Object (RMO), Simple Motor Reaction (SMR), Maximum
Mobilization (MM)

The analysis of the correlational relationships of the
above-mentioned leading indicators also demonstrates
that, previously, certain personal factors predominantly
occupied positions within the internal mechanisms of the
correlational structure. These included emotional stability
based on temperament type and the indicator of personal
anxiety. However, indicators of mental state manifestations,
such as pre-competition fever, apathy, and emotional
stability, prevailed. Among psychomotor abilities, only the
indicators of reaction to a moving object and mobilization
ability were incorporated into the internal structure of the
correlational relationships.

The analysis of the results from the research carried out
after the latest regulatory changes reveals that the picture has
significantly changed (see Figure 2).

Thus, the indicator of Competitive Emotional Resilience
(CER) has demonstrated direct reliable correlations with
several factors: Complex Motor Reaction (CMR,r=-0.58),

Emotional Tension (ET, r =-0.61), Control of Movement
Tempo (CMT, r=-0.42), Reaction to a Moving Object
(RMO,r=+0.81), and Emotional Intelligence (EI, r =-0.53)
(see Figure 2).

As we can observe, this indicator has shown the most
numerous and strongest correlational relationships with
the indicators of psychomotor abilities. Such correlations
are justified, as the latest regulatory changes in wrestling
have specifically impacted the overall duration of matches,
thereby increasing the intensity of the matches. Under time-
limited conditions, the wrestler must solve the tasks set
before him, be able to implement tactical plans, demonstrate
activity to avoid penalties, and so on. Wrestlers with different
competitive styles handle this in various ways. For instance,
many wrestlers perform tactical actions at the very end of the
match, within the last 10 seconds, while others show activity
at the beginning of the match, scoring points early and then
attempting to maintain their advantage until the end. All
of this places new demands on the wrestler, particularly
regarding their time perception, mobilization readiness, and
motor reaction.

The indicator of Internally Meaningful Stressors (IMS),
unlike previously, has shown relatively fewer correlations
with Complex Motor Reaction (CMR, r = +0.49), Stress
Resistance (SR, r = -0.77), and the Number of Errors
in Complex Motor Reaction (CMR-Errors, r =-0.50).
Interestingly, no direct reliable correlational relationship was
observed with the Emotional Resilience (CER) indicator.
These correlations were mediated through the indicators of
Complex Motor Reaction (CMR).

Fig. 2. Reliable correlational relationships among the studied
indicators following the regulatory changes in wrestling
competition. Note: (J - Leading indicators; O — Main indicators.
Competitive emotional resilience (CER), internally meaningful
stressor (IMS), complex motor reaction (CMR), reaction to
a moving object (RMO), emotional intelligence (EI), stress
resistance (SR), mobilization readiness (MR), movement tempo
control (MTC), number of errors in complex motor reaction
(CMR-errors), electrodermal resistance (EDR)

The analysis of these correlations indicates that a
significantly high presence of internally meaningful stressors
(IMS) in a wrestler leads to a decrease in the accuracy and
speed of performing complex motor actions, as well as the
manifestation of technical errors in both simple and complex
situations. This, in turn, can result in anxiety manifestations
of behavior and a state of excessive emotional tension.
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Discussion

The research hypothesis suggested that psychological
indicators of competitive performance efficiency in
wrestling are significantly linked to regulations adopted by
the International Wrestling Federation. As these regulations
change, the psychological indicators evolve and introduce
new demands on the wrestler’s readiness and psychological
state. Our research results confirm this hypothesis, showing
that after the regulatory changes in 2013, the structural
mechanisms of wrestlers’ psychological indicators have
significantly changed. Specifically, psychomotor ability
indicators have gained a more central role in the psychological
readiness structure of wrestlers, in contrast to the past when
emotional domain indicators were predominant.

The analysis of our research results reveals several
important shifts in the psychological readiness structure
of wrestlers that directly align with research discussed in
the introduction. For example, our findings on the impact
of competitive regulations on psychological indicators are
consistent with Arias etal. (2011), who noted that regulatory
changes create new requirements in almost all sports.
Similarly, Pluta et al. (2014) and Janowski et al. (2020) also
revealed adaptations in athletes in response to regulatory
changes, which aligns with our results.

The general patterns of competitive duels noted in
Korobeynikov et al. (2016) work are confirmed by our
research, particularly the assertion that regulatory changes
dictate changes in technical and tactical preparation
mechanisms. However, our work extends this view by
revealing that psychomotor ability indicators have become
key components of this mechanism, which was not specified
in Korobeynikov’s work.

Rutkowska and Gierczuk’s (2017; 2020) studies
emphasized the importance of psychological factors in
wrestling, which is further confirmed by our research. In
their work, however, the role of psychomotor abilities was
not emphasized, which is one of the important discoveries
of our research.

Ranjbar et al. (2023) work, which links mental toughness
with motor learning in wrestling, is supported by our results,
which show that complex motor reaction indicators and
movement tempo control are closely related to competitive
emotional resilience. Mousavi et al. (2023) studied the effect
of interventions on symptoms of stress and depression in
wrestlers, which complements our discovered connection
between internally meaningful stressors and stress resistance.

Our research also confirms the conclusions of
Gould, Eklund, and Jackson’s (1992) classic study on the
mental preparation of wrestlers, but our work shows that
under modern regulatory conditions, the importance of
psychological indicators has shifted towards the psychomotor
domain.

Our study results have several practical applications that
can be useful for coaches, sports psychologists, and wrestlers.
First, our findings suggest that in modern wrestling, the
preparation process should be reoriented towards the
development of psychomotor abilities.

Given that complex motor reaction, reaction to a
moving object, and movement tempo control indicators are
key indicators in modern wrestling, coaches should provide
specific exercises to develop these abilities. For example,

training processes could include exercises that develop
wrestlers’ ability to quickly respond to opponent movements,
feints, and attacks. These exercises may include working
at different speeds, responses in unexpected situations,
and performing technical actions under time-constrained
conditions.

We suggest that sports psychologists develop new models
of psychological interventions aimed not only at emotional
stability but also at improving psychomotor abilities. In
particular, mental training can be applied to help wrestlers
improve their time perception, mobilization readiness, and
motor reaction.

It is important for wrestlers to realize that in modern
regulatory conditions, competitive effectiveness depends not
only on technical skills and physical fitness but also on a high
level of psychomotor abilities. Therefore, they should pay
attention to the development of this area in their individual
training.

The importance of our research results is not limited
to theoretical value alone. First, this work illuminates
the fundamental changes that have occurred in wrestling
following recent regulatory changes, which is important for
coaches and athletes to effectively plan their training process.

Second, our findings that psychomotor ability indicators
have become leading factors in ensuring competitive
effectiveness help reorient traditional approaches to
wrestler preparation, which were predominantly focused on
emotional stability.

Third, ourdiscovered correlational relationships between
competitive emotional resilience, internally meaningful
stressors, and psychomotor abilities shed new light on the
structure of wrestlers’ psychological readiness, which can
help develop more targeted and effective psychological
preparation methods.

Fourth, our research shows that regulatory changes in
sports can lead not only to technical and tactical changes but
also to fundamental psychological shifts, which is important
for sports regulators and managers.

Fifth, the results of our work may be useful not only for
wrestling but also for other martial arts and combat sports
that have similar requirements for psychomotor abilities.

Based on our research results, several directions for
further studies can be proposed.

First, it would be valuable to conduct longitudinal
studies that follow wrestlers’ psychological adaptation to
regulatory changes. Such studies would help understand
how wrestlers adapt to new rules over time and what
psychological mechanisms they develop.

Second, training methods specifically aimed at develop-
ing psychomotor abilities in wrestlers could be developed
and tested. Evaluating the effectiveness of these methods
could help improve the preparation process for wrestlers.

Third, it would be interesting to conduct cross-
cultural comparisons of wrestlers’ psychological readiness
in different countries and wrestling schools. Such studies
would help reveal whether there are cultural peculiarities in
psychological adaptation.

Fourth, theimpact of changes in psychological indicators
on wrestlers’ choice of technical and tactical actions could
be studied. Such research would help understand how
psychological factors affect wrestlers’ decision-making
process during competition.
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Fifth, it would be valuable to study the peculiarities of
psychological readiness of wrestlers in different age groups
under modern regulatory conditions, which would help
develop training methods appropriate to age characteristics.

Thus, our research not only reveals changes in the role
of psychological indicators in modern wrestling but also
opens new horizons for further studies that can contribute
to the development of wrestling and improvement of athlete
preparation.

Conclusions

The data obtained from the studies conducted before
and after the recent regulatory changes in wrestling led to the
conclusion that the new manifestations and significance of the
correlational relationships among the studied psychological
leading indicators have become more emphasized. This
was not expressed or substantiated in the field of wrestler
readiness in previous research.

Although similar correlations were observed in the past,
they were predominantly characterized by manifestations of
the emotional domain. In modern wrestling, however, the
effectiveness of technical and tactical readiness is realized
through the interrelated manifestations of psychomotor
indicators. This is clearly evidenced by the research results.

The entirety of the presented correlations also indicates
that continuous processes are occurring within the psyche
of wrestlers, which can later acquire a qualitatively new
nature. These processes have the potential to enhance the
effectiveness of competitive performance and lead to the
achievement of new results, provided no new regulatory
changes are introduced.
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BnnvB perynaTopHMX 3MiH Yy 3mMmaranbHin
RIANDbHOCTI HA NCUXONOriYHi NOKAa3HWKM, L0
3ab6e3neuyoTb ePpeKTUBHICTb BUCTYNY 60pLa

Bappan leraman'4*“P, Ipa ITorocau'48?, Caak OBanecsn**5P

'BipmMeHCHKUI lep>KaBHMIT iHCTUTYT (BisMYHOI Ky/IbTYpH Ta CHOPTY
*€peBaHCHKIII Jlep>KaBHUI YHIBEpPCUTET

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

Pedepar. Crarrs: 7 c., 2 puc., 26 pKeper.

Icropia nmuraHHA. Y [OCIipKeHH] 3/iiicHeHO cripo0y BMABUTY Ti ICUXOJIOTiUHI BUIEpePKa0Yi iHANKATOPH, MOABA SKUX
3YMOBJIEHA HEIOJABHIMM PEryATOPHIMM 3MiHaMI y CIIOPTUBHII 60p0Tb6i, 110 MOXKYTh 3a6e3neunTy cTabiIbHI Ta BUCOKI 3Ma-
rajibHi Pe3ynbTaTu.

MeTta mocmimkenHs. Le mocmikeHHs Maso Ha MeTi BUSHAYMTY OCHOBHI IICMXO/IOTIYHI YMHHUKIA, 1110 3a6€3H€‘{YIOTb cTabinb-
HICTb BMCOKMX 3MaralbHMX pe3y/nbTartiB 60pls, i oxapakTepusyBaTu crienudiky ix mposBiB 3aIe>KHO Bifj BIVIMBY PerylIAaTOPHUX
BJIMOT.

Marepianu Ta MeTopu. 3ajy1s1 eeKTUBHIIIOL OpraHisanii JOCIIfHII[PKOTO MPOLIECy BUKOPUCTOBYBA/INCS Cy4acHi Imporpe-
CUBHI CEHCOPHI TeXHOJIOTii, TeCTH, OMUTYBAIbHUKM, 0OCEpBaLiliHi Ta MaTeMaTUKO-CTaTUCTUYHI MeTozu. [loBefleHa IIpaKkTHIHA
3HAYYIiCTh yCiX 3a3HaUYeHMX METOMMK B Iajly3i CIOpTUBHOI Icuxonoril. JocmimKeHHsA MpoBefeHo ceper 33 BICOKOKBami(iko-
BaHMX O0pIiiB HallioHa/mIbHOI 36ipHOI Pecniy6miku BipmeHis (mepeMoxkIi Ta IIpusepy CBITOBUX, EBPOIENCHKUX Ta MI>XHAPOFHMX
3MaraHb).

Pesynpraru. [TopiBHAIBHMII aHAI3 pe3y/IbTATiB JOCIIPKEeHHA BCTAHOBUB IIPOBIAHI IICUXO/MOTivHI iHAMKaTOpY, 11O 3a6e3-
nevyoTb eeKTMBHICTD 3MarajJbHOI AisUIBHOCTI OOPIiB BiAMIOBI{HO KO HOIEpEHIX Ta ITOTOYHMX PEryIATOPHMUX BUMOT. Y J10O-
CTiKeHH] TaKOX iHTEPIIPETOBAHO JOCTOBIPHI B3a€MO3B’I3KM IMX MOKA3HUKIB i3 MCUXIYHNMU CTaHAMM, PI3HUMU CTPECOBUMU
daxropamu, IHAVBILyaTIBHUMHU PUCAMU OCOOMCTOCTI Ta IICUXOMOTOPHUMY 3i0HOCTSMIL.

BucHoBku. Y cydacHiit cnoptyBHiit 60poTh6i eeKTUBHICTb TeXHIKO-TAKTUYHOI MIATOTOBKYU Peaji3yeThCsl Yepes3 3aKOHO-
MIpHOCTi B3aEMOIIOB I3aHIUX IIPOSIBIB IICMXOMOTOPHMX ITOKA3HVKIB, TOJ SIK paHillle epeBakain MpOsiBY eMOLiTHOL cepu, 5K 3
pOKamM 3a3Ha/IM 3HAYHUX TPaHCOpMallill BHACTIOK PeryIATOPHMX 3MiH.

KirrouoBi cmoBa: perynAaTopHi sMiHU, MDKKOPEIALIHI 3B A3KY, ICUXOMOTOPHI 3[1i6HOCTI, TOpiBHA/IbHI aHaTi3NM.
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Abstract

Objectives. The research aims to identify the factor structure of motor fitness in 8-year-old boys during the process

of mastering the “Kin geri” front kick technique.

Materials and methods. Thirty-two 8-year-old boys participated in the study. Both the children and their parents
were informed about the nature of the research and provided written consent for participation. Participants were
assured of their right to withdraw from the study at any time without explanation. All procedures were conducted
following the Declaration of Helsinki. The following research methods were employed: analysis of scientific and
methodological literature, pedagogical observation, timing of educational tasks, motor fitness testing, and statistical

data analysis.

Results. Factor analysis identified six factors accounting for 73.98 % of the total variance. The largest contribution
(24.87 %) to the total variance of the sample was made by the factor “special complex coordination preparedness”
The second most significant factor was the “level of special motor fitness” (15.71 %). Other identified factors included
“physical development” (12.74 %), “coordination of movements” (9.04 %), “agility” (6.05 %), and “flexibility” (5.58 %).
Since the “Kin geri” kick is executed below belt level (“Gedan” level), the contribution of flexibility is minimal and
may be considered less relevant. During the training of the “Kin geri” front kick, the most influential elements
include anthropometrical indicators, speed of integral movements, special coordination fitness, balance, static
strength, general endurance, and the degree of technical mastery of the “Kin geri” front kick demonstrated through

a series of training tasks.

Conclusions. The analysis of the factor structure of motor fitness provides essential data for optimizing the training
process of the “Kin geri” front kick in 8-year-old karate athletes. The findings highlight the integrity of motor skill
formation and the development of motor abilities. A significant outcome of the factor analysis is the establishment
of a foundation for designing effective training programs tailored to the physical development and motor fitness level

of children and adolescents.

Keywords: factor analysis, 8-year-old boys, fitness structure, Kyokushinkai karate, “Kin geri” kick.

Introduction

In recent years, numerous studies have highlighted the
importance of creating a safe and motivating environment
for children to acquire sport-specific knowledge and skills
(Pavlova, Bodnar & Vitos, 2018; Rodrigues & Antunes, 2019;
Pinto-Escalona, Gobbi, Valenzuela etal.,2024). These authors
emphasise the importance of maximising the engagement
of prepubertal and pubertal students in sports activities.
According to Ma & Qu (2017), Antunes, Rodrigues & Kirk
(2021), initiating martial arts training provides a positive
sporting experience and contributes to children’s physical,

© Marchenko, S., 2025.
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intellectual, and spiritual development. Emphasis on karate
training, as noted by Harwood-Gross, Lambez, Feldman
et al. (2021), Pinto-Escalona, Valenzuela, Martin-Loeches
et al. (2022), appears to be a promising alternative for
enhancing learning and behavioural outcomes in children
facing significant psychosocial challenges and low academic
achievement.

Among the key factors contributing to high performance
in martial arts, researchers identify morphological
characteristics as particularly important (Rakita, Rakonjac,
Vukadinovi¢-Juri$i¢ & Obradovi¢, 2018). Long-term
training is known to influence body composition and overall
physical development (Carlisle, Weaver, Stodden et al., 2019;
Drenowatz, Greier, Ruedl et al., 2019; Kolunsarka, Stodden,
Grasten et al., 2024).
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Experts have analysed how different levels and types of
sports specialisation affect the morphological parameters of
athletes across various environments. Chen, Chen, Liu et al.
(2022) demonstrated a correlation between body mass index
and physical fitness in children and adolescents. Similarly,
den Uil, Janssen, Busch et al. (2023) examined how weight
status, physical fitness, and motor competence vary with age.
Their findings support the view that physically fit children
from an early age tend to be more proficient in executing
motor skills and are generally more active.

Barnett, Webster, Hulteen et al. (2022) reported
insufficient evidence for a direct link between overall
physical fitness and general motor competence. However,
they found strong evidence supporting a reciprocal causal
relationship between physical fitness and motor competence
in specific domains such as locomotion, coordination, and
balance.

Studies by Rakita, Rakonjac, Vukadinovi¢-Jurisi¢
et al. (2018), Kahrovié, Jovanovié, Murié¢ et al. (2018),
Marchenko, Ivashchenko, Jagiello et al. (2024), and others
have demonstrated a strong correlation between physical
fitness and motor awareness in children practicing Shotokan
and Kyokushinkai karate.

Given that Kyokushinkai karate requires the
development and expression of diverse motor abilities
(speed, agility, power, anaerobic capacity, etc.), researchers
often recommend the use of comprehensive test batteries
to assess athletes’ motor fitness (Styriak, Billman &
Augustovicova, 2020; Marchenko & Verdysh, 2021;
Marchenko, Ivashchenko & Khudolii, 2023). These control
tests should reflect the specific biomechanical patterns of
movement relevant to the sport. The athlete’s level of training
is a critical consideration. Tests designed for highly skilled
or well-conditioned athletes may not be appropriate for
beginners, whose performance may be limited by technical
deficiencies or insuflicient conditioning. In addition, factors
such as gender and age must also be considered (Ghadiri,
O’Brien, Soltani et al., 2022; Marchenko, Ivashchenko,
Jagiello et al., 2022; Marchenko, Ivashchenko, Khudolii &
Verygin, 2024).

The analysis of primary test results in assessing motor
fitness provides only indirect information about its actual
state. Many of the measured parameters are correlated to
varyingdegrees,whichleadstoredundancyandinformational
overlap. Therefore, it becomes necessary to transform large
datasets into a more compact and interpretable form to better
represent motor fitness development dynamics and general
patterns in young karate athletes during the prepubertal
period.

The research aims to identify the factor structure
of motor fitness in 8-year-old boys during the process of
mastering the “Kin geri” front kick technique.

Materials and bethods

Study participants

Thirty-two 8-year-old boys participated in the study.
Both the children and their parents were informed about
the nature of the research and provided written consent
for participation. Participants were assured of their right to
withdraw from the study at any time without explanation.

All procedures were conducted following the Declaration
of Helsinki.

Study Design

The following research methods were employed: analysis
of scientific and methodological literature, pedagogical
observation, timing of educational tasks, motor fitness
testing, and statistical data analysis.

The testing programme included validated assessments
that covered the following components:

o anthropometric indicators: body weight, body

length, chest circumference, and lung capacity;

o general motor fitness indicators: 30 m run from a
high start, 4x9 m shuttle run, coordination exercises
involving combined movements of the arm, torso
and legs; one-legged stance with eyes closed, walking
in a straight line after 5 turns, standing long jump,
dynamometry of the right and left arms, flexion and
extension of the arms while hanging on a rope, 300 m
run, and seated trunk forward flexion.

o exercises to assess special speed and coordination
skills in karate athletes: “touch evasion test” exercise;
execution of “Kin geri” front kicks on rackets with
a partner, zigzag run around cones (“snake” drill);
and “comprehensive test” These tests were adapted
from classical boxing and martial arts (Slovensky
zvaz karate, 2017; Styriak, Billman & Augustovicova,
2020; Marchenko & Verdysh, 2021).

The “Touch evasion test” was performed in pairs. One
participant attempted to touch specific permitted target areas
on the opponent’s body (head, shoulders, chest, abdomen)
using open palms. The second participant executed only
defensive action, maintaining stance, retreating, and covering
the torso with the elbows, without delivering counterattacks.
The exercise lasted for 15 s, and the number of touches
received by the defending participant was recorded.

The “Speed front kicks “Kin geri” on rackets with a
partner performing zigzag run around cones” test was
conducted on a tatami measuring 8x3 m?* Three cones were
placed in a straight line: the first cone was positioned 2 m
from the starting line, and the remaining two were spaced
equidistantly at the same distance from each other. The
subject started at the designated line alongside an assistant
holding two striking targets (rackets). At the signal, the
participant progressed through the cone arrangement using
a snake-like pattern, performing “Kin geri” front kicks
alternately while covering the 8-meter distance. Timing
stopped once the participant fully crossed the finish line.
The outcome of the test was calculated using the Efficiency
Coefficient, defined as the ratio of the number of successful
kicks to the total time taken to complete the distance (C.).

The “Comprehensive test” was modified to align with
the technical focus of the study. It incorporated core karate
techniques (4 “Tsuki chudan” hand strikes and 4 “Kin geri”
front kicks). The test was conducted on a 7x7 m tatami. At
a sound signal, the participant began in a sitting position
on the floor, legs extended, with heels on the starting line.
After the start, the participant runs around the cone, then
continues to run backward, after he runs around four cones
in a “snake” style, executing four hand strikes and four
kicks; performing ten jumps over low barriers 10-12 cm (5

676



Marchenko, S. (2025). Study of the Factor Structure of Motor Fitness in 8-Year-Old Boys During the Process of Mastering the “Kin
Geri”Kick Technique

on one leg in one direction and 5 on the other leg in the
reverse direction). In the final stage, the participant transfers
tennis balls from one plastic plate to another. The stopwatch
stopped when the participant placed the last tennis ball on
the finish plate.

In the course of the research the results of the
programmed training process for mastering the “Kin
geri” front kick technique were recorded based on
task decomposition: series 1 “Physical fitness”, series 2
“Execution of initial and final positions”, series 3 “Mastery
of key movements essential for performing the exercise’,
series 4 “Ability to control movements”, series 5 “Mastery
of leading exercises’, series 6 “Mastery of leading exercises”
(Marchenko, Khudolii, Ivashchenko & Musliumova, 2023;
Marchenko, Ivashchenko, Jagielto et al., 2023). Testing was
conducted using a competitive method.

Statistical Analysis

Data were collected and systematised using Microsoft
Excel 2016 (Microsoft Corp., Redmond, WA, USA).
Statistical analysis was performed using IBM SPSS Statistics
for Windows, Version 26.0 (IBM Corp., Armonk, NY, USA).
Factor analysis was employed to summarise the variables and
group them according to their characteristic relationships,
helping to determine the role of the learning process within
the overall training structure.

Table 1. Results of motor fitness testing of 8-year-old boys

During the factor analysis, the following indicators
were calculated and analysed: Bartlett’s test of sphericity and
the Kaiser-Meyer-Olkin (KMO) test of sampling adequacy.
Factors were extracted using the principal component
analysis (PCA) method, and factor rotation was carried out
using the Varimax method with Kaiser normalization.

Results

To determine the role of the learning process for the
“Kin geri” front kick within the overall training structure
of 8-year-old boys, a factor analysis was conducted (Tables
1-4). Table 1 presents the results of motor fitness testing in
this age group. An analysis of the coeflicients of variation
(V, %) revealed that the motor fitness of young karate
athletes was homogeneous in most tests: No. 1 “Body weight,
kg” (21.4 %); No. 2 “Body length, cm” (4.1 %); No. 3 “Chest
circumference, cm” (8.3 %); No. 4 “Lung capacity, m3”
(13.2%); No. 5 “30 m run, s” (10.5%); No. 6 “touch evasion
test, number of missed touches” (28.9%); No. 7 “Speed
front kicks Kin geri, C.s” (11.5%); No. 8 “4x9 m shuttle
run, s” (6.5%); No. 9 “Coordination test (arm, torso, and leg
movement combination), points” (4.0 %); No. 11 “Walking
in a straight line after 5 turns, deviation in cm” (8.1 %); No.
12 “Comprehensive test, s” (8.8 %); No. 13 “Standing long
jump, cm”(10.4 %); No. 14 “Dynamometry of the right hand,
kg” (25.8%); No. 15 “Dynamometry of the right hand, kg”

Ne Tests X S m V, %
1 Body weight, kg 27.506 1.038 5.875 214
2 Body length, cm 127.344 0.934 5.283 4.1
3 Chest circumference, cm 62.703 0.920 5.204 8.3
4  Lung capacity, m3 1506.875 35.062 198.339 13.2
5 30mrun,s 7.203 0.134 0.759 10.5
6 Touch evasion test, number of missed touches 7.156 0.365 2.065 28.9
7 Speed front kicks “Kin geri”, Ceft 1.496 0.030 0.172 11.5
8  4x9 m shuttle run, s 13.719 0.158 0.893 6.5
9  Exercises to combine movements of arms, body, legs, points 8.875 0.064 0.359 4.0
10  One-legged stand with eyes closed, s 4.031 0.303 1.713 42,5
11 Walking in a straight line after 5 turns, deviation in cm 127.063 1.808 10.229 8.1
12 Comprehensive test, s 25.232 0.393 2.223 8.8
13 Standing long jump, cm 117.250 2.153 12.181 10.4
14 Dynamometry of the right arm, kg 10.906 0.497 2.810 25.8
15 Dynamometry of the left arm, kg 9.938 0.419 2.368 23.8
16  Flexion and extension of the arms while hanging on a rope, repetitions 5.50 0.554 3.132 56.9
17 300 m run, s 110.25 2.919 16.512 15.0
18 Seated trunk forward flexion, cm -1.406 0.933 5.278 375.4
19 1 series, assessment 8.928 0.132 0.749 8.4
20 2 series, assessment 7.981 0.107 0.605 7.6
21 3 series, assessment 8.950 0.124 0.70 7.8
22 4 series, assessment 8.050 0.143 0.810 10.1
23 5 series, assessment 8.641 0.155 0.878 10.2
24 6 series, assessment 9.384 0.109 0.614 6.5
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(23.8%); No. 17 “300 m run, s” (15.0 %); No. 19-24 Evaluation
of results from programmed training in the “Kin geri” front
kick, based on task decomposition (6.5 %-10.2 %).

The results of the tests revealed a heterogeneous level of
motor fitness among the boys in the following assessments:
No. 10 “One-legged stand with eyes closed, s” (42.5%); No.
16 “Flexion and extension of the arms while hanging on a
rope, repetitions” (56.9 %); No. 18 “Seated trunk forward
flexion, cm” (375.4%). The high coefficients of variation
observed in tests “One-legged stand with eyes closed, s,
“Flexion and extension of the arms while hanging on a rope,
repetitions” and “Seated trunk forward flexion, cm” indicate
that these exercises are particularly difficult to perform.

Overall, the motor fitness level of 8-year-old boys was
homogeneous in terms of anthropometric characteristics
and physical qualities such as speed, coordination, speed-
strength, static strength, endurance, flexibility, and the
outcomes of the learning process. However, heterogeneity
was observed in the development of arm strength and
vestibular stability.

Bartlett’stest of sphericityindicated that the dataobtained
are suitable for factor analysis during the training of the
“Kin geri” front kick, with a significance level of p<0.05. The
Kaiser-Meyer-Olkin (KMO) measure of sampling adequacy
demonstrated a satisfactory level for applying factor analysis
(KMO = 0.526; p > 0.05) to the sample of 8-year-old boys
(Table 2).

Table 2. Checking the appropriateness of factor analysis

KMO and Bartlett’s test of sphericity

The Kaiser-Meyer-Olkin (KMO) measure of sampling  0.526
adequacy
Approximate Chi-square  546.481
Bartlett’s test of sphericity df 276
Significance 0.000

In the process of factor analysis of the testing data
of 8-year-old boys, six factors were identified, explaining
73.98 % of the total variance of the indicators (Table 3).
The factor matrix illustrating the structure of physical
development, motor fitness, and technical preparedness of
8-year-old boys during the training of the “Kin geri” front
kick is presented in Table 4.

The first factor makes the largest contribution to the total
variance of the sample (24.87 %). It shows strong correlations

Table 3. Explanation of aggregate variance

with the results of the following tests: “30 m run” (0.862),
“Touch evasion test, number of missed touches” (0.794),
“Speed front kicks “Kin geri” (-0.846), “Comprehensive test”
(0.883). This factor reflects the manifestation of specific
coordination in karate movements and overall movement
speed. It is designated as “Special complex coordination
preparedness”

The second factor, which accounts for 15.71 % of the
total variance, is identified as a unipolar factor representing
the state of technical fitness. It correlates with the results
of training in the following series:1st - “Exercises for the
development of motor abilities” (0.763); 2nd - “Starting
and ending positions” (0.731); 3rd - “Actions essential for
performing the exercise” (0.753); 4th “Training in movement
control” (0.759); and 6th — “Overall exercise performance”
(0.722). This factor is referred to as “The level of special
motor fitness”.

The third factor (explaining 12.74 % of the variance)
correlates with anthropometric indicators: “Body weight”
(0.921), “Body length” (0.782), and “Chest circumference”
(0.933). This factor is labelled “physical development”

The fourth factor contributes 9.04 % to the total variance
andisassociated with the test results for “Exercises to combine
movements of the arms, body, legs” (0.713) and “One-legged
stand with eyes closed” (0.881). It characterises the ability
to maintain postural stability and to control movement
in static positions. This factor is termed “coordination of
movements”

Factor 5 accounts for 6.05% of the total variance. It
shows the highest correlation with the “4x9 m shuttle run
test” (-0.737), which characterises the ability to differentiate
spatial and temporal parameters of movement. This factor is
referred to as “agility”.

Factor 6 contributes 5.58 % to the total variance. It is
most strongly associated with the indicator “Seated trunk
forward flexion” (0.757), highlighting the importance of
flexibility in the process of mastering kicking technique. This
factor is labelled “flexibility”.

The obtained communalities (h?), presented in Table 4,
indicate the proportion of variance in the variables explained
by all six factors. The proposed test battery is informative. The
most significant indicators for a comprehensive assessment
of the learning process structure in 8-year-old boys mastering
the “Kin geri” front kick include the results of the following
tests: “Body weight” (0.859), “Chest circumference” (0.897),
“30 m run” (0.926), “Touch evasion test, number of missed

The initial eigenvalues

Extracting the sum of

Rotation of the sum of squared loads

Component squared loads
Total % variance  Total % Total % variance  Total % Total % variance  Total %
1 5.968 24.87 24.87 5.968 24.87 24.87 4.514 18.8 18.8
2 3.771 15.71 40.58 3.771 15.71 40.58 3.534 14.7 33.5
3 3.056 12.74 53.32 3.056 12.74 53.32 3.322 13.8 47.4
4 2.169 9.04 62.35 2.169 9.04 62.35 2.592 10.8 58.2
5 1.452 6.05 68.40 1.452 6.05 68.40 1.952 8.1 66.3
6 1.338 5.58 73.98 1.338 5.58 73.98 1.839 7.7 74.0

Method of factor extraction: principal component analysis
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Table 4. The returned matrix of components

Ne Test title Component h?
1 2 3 4 5 6
1 Body weight, kg 0.921 0.859
2 Body length, cm 0.782 0.706
3 Chest circumference, cm 0.933 0.897
4 Lung capacity, cm’ 0.357 0.360 0.487  0.607
5 30mrun,s 0.862 -0.337 0.926
6 Touch evasion test, number of missed touches 0.794 0.314 0.838
7 Speed front kicks “Kin geri’, C g -0.846 0.826
8 4x9 m shuttle run, s 0.323 -0.737 0.720
9 Exercises to combine movements of arms, body, legs, points 0.713 0.531
10 One-legged stand with eyes closed, s 0.881 0.865
11 Walking in a straight line after 5 turns, deviation in cm 0.545 -0.683  -0.354 0.908
12 Comprehensive test, s 0.883 0.803
13 Standing long jump, cm -0.671 0.484 0.719
14 Dynamometry of the right hand, kg 0.544 0.639  0.793
15 Dynamometry of the left hand, kg 0.550 0.484  0.619
16 Flexion and extension of the arms while hanging on a rope, 0.597 0.594 0.732
repetitions

17 300 m run, s 0.711 -0.392 0.752
18 Seated trunk forward flexion, cm 0.757 0.624
19 1 series, score 0.763 0.667
20 2 series, score 0.731 0.672
21 3 series, score 0.753 0.697
22 4 series, score 0.759 0.622
23 5 series, score 0.654 0.341 0.736
24 6 series, score 0.722 0.635

Method of factor extraction: principal component method
Method of rotation: varimax with Kaiser normalisation

a. The rotation converged in 6 iterations

touches” (0.838), “Speed front kicks “Kin geri” (0.826), “One-
legged stand with eyes closed” (0.865), “Walking in a straight
line after 5 turns” (0.908), “Comprehensive test” (0.803),
“Dynamometry of the right hand” (0.793), “300 m run”
(0.752), and training results from the 5th series “Separate
parts of the target exercise and leading exercises” (0.736).

Thus, in the factor model describing the physical
development, motor, and technical fitness of 8-year-old
boys during the process of learning the “Kin geri” front kick,
leading roles are played by anthropometric indicators, speed
in integrated movements, special coordination preparedness,
balance, static strength, general endurance, and the degree of
technical mastery achieved across the training task series.

The data presented in Tables 1-4 demonstrate that the
factor structure analysis of motor fitness provided essential
information for decision-making in the management of the
teaching process of the “Kin geri” front kick technique to
8-year-old karate athletes. A key outcome of this analysis
is the establishment of a foundation for designing effective
training programmes tailored to the physical development
and motor preparedness of children and adolescents.

The most important result of the factor analysis in the
context of the programmed training of the “Kin geri” kick
was the identification of an independent and dominant factor
“special complex coordination preparedness”. This finding
underlines the necessity for beginners to receive a high level
of basic coordination training. Coordination abilities play
a critical role in acquiring and refining specific elements
of kicking technique and ensuring their consistency. These
abilities enable athletes to perform motor actions efficiently
under varying conditions and to execute movements under
optimal conditions.

It is essential to teach and develop these coordination
skills in alignment with the developmental stages of children.
Coordination abilities are a decisive success factor in various
competitive disciplines of Kyokushinkai Karate, such as
Kumite and Kata.

To visually display the sufficiency of extracted factors,
a scree plot of eigenvalues (Cattell’s Scree Test) was used
(Fig. 1). This graphical representation highlights the point at
which the decrease in eigenvalues becomes less pronounced,
indicating the most informative factors. Based on this
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graph, five key factors were determined to contribute most
significantly to the total variance in the data. So, in the
educational and training process when mastering the “Kin
geri” kick technique, it is important to consider 5 factors:
“special complex coordination preparedness’, “level of

special motor fitness”, “physical development’, “coordination
of movements” and “agility”

Eigenvalues
w

123456 7 8 910111213 141516 17 18 19 20 21 22 23 24

Component number
Fig. 1. Graph of eigenvalues

Discussion

The study examined a wide range of indicators aimed
at identifying influential factors with prognostic value for
planning the teaching process of the kicking technique “Kin
geri”. It was assumed that motor skills play a significant role in
the motor fitness structure of 8-year-old boys who regularly
practice Kyokushinkai karate at the initial training stage.
The degree of progressive mastery of exercises accounts for
15.71 % of the variance in test results.

Based on the data analysis, it can be concluded that
the development of movement coordination facilitates
the formation of motor skills, while physical development
serves as a reserve capacity in the process of teaching
techniques to 8-year-old boys. This supports and expands
upon the findings of Barnett, Webster, Hulteen et al. (2022),
Marchenko, Khudolii, Ivashchenko & Musliumova (2023),
Marchenko, Ivashchenko, Khudolii & Verygin (2024),
who emphasize that the early stages of motor experience
acquisition are critical periods during which coordination
abilities should be a focal point of training.

Bojkowski, Kalinowski, Sliwowski et al. (2022),
Oktarifaldi, Marta, Nugroho et al. (2024), Oktarifaldi,
Nopembri, Yudanto et al. (2024), identified a positive and
significant relationship between movement coordination
and fundamental motor skills. These authors emphasize that
enhancing general coordination skills is among the most
important factors for achieving educational objectives and
recommend incorporating a wide range of coordination-
focused exercises into the learning process. In our case,
the factors “coordination of movements” and “agility” were
identified as components of the motor fitness structure.

The level of special complex coordination prepared-
ness emerged as a general factor in our study, accounting for
24.87 % of the variance in test results. Numerous researchers
regard coordination as a cornerstone of motor and sport
competence (Bernstein, 1996; Platonov & Nikitenko, 2019;
Lyakh, Ambrozy, Skripko et al., 2023). The results obtained

from the factor analysis highlight the importance of coordi-
nation in acquiring and refining specific karate techniques
and ensuring their stability. Coordination enables the effec-
tive execution of motor actions under various conditions
and contributes to the optimal performance of movements.
These findings are consistent with previous research by Ma
& Qu (2017), Marchenko, Ivashchenko, Jagietto et al. (2023),
Marchenko, Ivashchenko, Khudolii & Verygin (2024).

We agree with the opinion of Platonov & Nikitenko
(2019), Styriak, Billman & Augustovicova (2020), Marchenko
& Verdysh (2021) that diagnosing coordination abilities re-
mains a controversial issue. This complexity is further height-
ened by the fact that athletes from different sports and martial
arts styles exhibit distinct dominant coordination abilities,
which significantly influence their training and competitive
performance. As a result, their evaluation requires the use of
specific, complex test tasks and diagnostic technologies that
objectively assess the level of special coordination develop-
ment (Styriak, Billman & Augustovicova, 2020; Marchenko &
Verdysh, 2021; Ghadiri, O’'Brien, Soltani et al., 2022).

Children’s physical development also contributed
12.74% to the variation in test scores, underscoring the
importance of anthropometric parameters in teaching
footwork to young karate athletes. Our findings are in
agreement with those of den Uil, Janssen, Busch et al.
(2023), who demonstrated a relationship between body
mass index, physical activity, and physical fitness at the age
of 8 years. However, they diverge from the same authors’
conclusion that anthropometric indicators are unrelated to
motor competence at this age, with such associations only
becoming evident at the age of 9 years.

The experimental results support the rationale for the
organised participation of prepubertal children in sports
as a long-term strategy to prevent overweight and obesity
(Drenowatz, Greier, Ruedl et al, 2019; Chen, Chen, Liu et al.,
2022), and to enhance body mass index, cardiorespiratory
fitness, and muscular endurance (Kolunsarka, Stodden,
Grastén et al., 2024).

Theinfluence of morphological features on specifickarate
skills, as analysed by Rakita, Rakonjac, Vukadinovi¢-Jurisi¢
etal. (2018), indicates that taller karate athletes with a higher
percentage of muscle mass achieved better performance in
executing the “Mae geri” kick and “Gyaku tsuki” punch
techniques. The factor model of motor preparedness in
8-year-old karate athletes, developed in our study, expands
on these findings and demonstrates the impact of physical
development (chest circumference h2=0.933; body weight
h2=0.921; body length h2=0.782) on the effectiveness of
learning the “Kin geri” kicking technique.

These results are consistent with the factor analysis
findings reported by Rukavytsia, Ivashchenko, Khudolii et
al. (2022), Ivashchenko, Berezhna & Cieslicka (2020), which
confirm the holistic nature of motor skill formation and
motor ability development in children and adolescents. They
also provide a basis for identifying future research directions
in the instruction of Kyokushinkai karate techniques and the
development of appropriate curricula.

Conclusions

The analysis of scientific literature in the field of martial
arts has made it possible to identify effective factors that
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have been consistently validated over time. Researchers
emphasise that the outcomes of sports training are
closely interrelated with morphological, functional, and
psychological characteristics, levels of physical fitness, as
well as the development of both fundamental and specific
motor skills, tactical preparedness, and other components.
This multitude of factors necessitates a detailed investigation
into the structure of motor fitness in 8-year-old boys.

Based on the analysis of empirical data obtained
from testing 8-year-old boys, six factors were identified,
collectively explaining 73.98 % of the total variance. The most
significant contribution (24.87 %) was made by the factor
of “special complex coordination preparedness”. The next
highest contribution (15.71 %) was attributed to “the level of
special motor fitness”. Additional factors included “physical
development” (12.74%), “coordination of movements”
(9.04%), and “agility” (6.05%). The factor “flexibility”
contributed the least (5.58 %) to the total variance. Since
the “Kin geri” kick is executed below the belt level (“Gedan”
level), this factor can be neglected.

The analysis of the factor structure of motor fitness
yielded valuable insights for managing the training process
of teaching the “Kin geri” front kick to 8-year-old karate
athletes. One of the key outcomes of the factor analysis is
the foundation it provides for developing effective training
programs aligned with the physical development and motor
fitness levels of children and adolescents.

The findings contribute to enhancing the methodology
of teaching Kyokushinkai karate techniques in youth
sports schools, clubs, federations, and general education
institutions, supporting the effective organization of the
educational and training process.
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'XapkiBcbka Jiep>kaBHa akajjeMis QpisuHOI KyIbTypu

ABTOpPCHKMIT BKTAJ;: A — am3aitH gocnipkenHs; B — 36ip ganux; C - crarananis; D - migroroska pykomnucy; E — 36ip komtis

Pedepar. Crarra: 9 c., 2 puc., 26 mpKepert.

Merta foCiyKeHHSA — BU3HAYUTHU GaKTOPHY MOJIe/b CTPYKTYPHU PYyXOBOi Mi/IrOTOB/IEHOCTI XJTOMIIiB 8 pOKiB y Iporieci oBoso-

IiHHA TeXHIKOI0 yfaapy Horomw Bieper «Kin geri».
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Marepianu i MeTogu. Y gocmifpkeHHi B3sumu ydacts 32 xmomnui 8 pokis. Jlitu Ta ixHi 6areku 6ynu iHpopmoBaHi po Bci oco-
6/MBOCTi JOCTIPKEHHA Ta A/ 3TOAY Ha y4acTb B €KCIIePYMEHTI. YYaCHUKIB MOBIOMIIN, 110 BOHY MOXKYTb BUITH 3 JOCTifI)KeH-
Hs B Oy/ib-sIKIMIT MOMEHT 6e3 IOsACHEeHHs IpUYMHM. YCi mpolefypu 6yniu BMKOHaHi BifjmosifHo o TenbcincpKoi gexnaparii. Bymn
BUKOPJVCTaHi HACTYIIHI METOAM JOCTI/[PKEHHA: BUBYEHHA Ta aHa/Ii3 HAYKOBO-METOMYHOI IiTepaTypu, IeJaroridyHe ClioCcTepeXXeH-
Hs1, XPOHOMETPaK HaBYa/IbHUX 3aBJjaHb, EJAaroriynmii eKCIIepyMeHT, METOJY MaTeMaTUIHOI CTATUCTUKI.

Pesynbratu. Y npoueci pakTopHOro aHasisy BUAimMIOCh micTh GakTopis AKi HOACHIOOTD 73,98% cymapHOI gucnepcii mo-
KasHuKiB. HaitOinpury BenmmuanHy Brmany (24,87%) B cymMapHy gucrepciio BUOIpKY BHOCUTD (aKTOp «CIieljia/bHa KOMIIEKCHA
KOOp/MHalliliHa mifrorosneHicTb». HactymHum 3a BenmnmunHomwo BKnagy (15,71%) cras ¢akTop «piBeHb cIellia/bHOI pyX0BOI
HiATOTOBNIEHOCTI». Bu3HauMmmch Takox dakTopy «piswdnHuit posBUTOK» (12,74%), «koopauHaLig pyxiB» (9,04%), «CIPUTHICTD»
(6,05%). YacTka dakTopy «rHYUKicTh» Bif 3aranbHoI pucrepcii HajiMenma (5,58%). Yuap «Kin geri» BUKOHYETbCS HUDKYE PiBHSA
noscy (piBenb «Gedan») Tomy M HaKTOPOM MOXKEMO 3HEXTYBATH. Y IIpolleci HaBuaHHA yfapy Horoto Biepen «Kin geri» ginpue
MicIle 3aliMaloTh CIellia/IbHa KOOPAMHAIIHA IiITOTOB/IEHICTD, INBUIKICTh B IIIICHUX pyXaX, 3arajbHa BUTPUBAJIICTD, CTYIIiHb
OBOJIOJIiHHS TEXHIKOK Bi[ITIOBiJHO CepifiM HaBYa/IbHUX 3aBJlaHb, AHTPOIIOMETPUYHI IOKa3HUKM, PIBHOBAra, CTATUYHA CUJIA.

BucHoBku. Y pesynbrari aHanisy pakTopHoi Mofieni pyXoBoi MiArOTOB/IEHOCT] OTpUMaHa HeoOXifHa iHbopMaLis s npu-
JIHATTA pillleHb IIifi 9ac yIpaBJliHHA IPOLeCOM HaBYaHHsA TeXHIKM ypapy Horomw Bnepen «Kin geri» croprcMmeHiB-KapaTucTis 8
pokiB. BusHadeHo mimicHicTb nporecy GopMyBaHHS PyXOBUX HaBIMYOK Ta PO3BUTKY PYXOBMX 31i0HOCTei1. BakmBuM pesynbra-
TOM IPOBefIeHOTr0 (PaKTOPHOTO aHAI3Y CIIifj BBXKATI CTBOPEHH IIATGOPMU /st PO3poOKU eeKTUBHMX HaBYaIbHUX IIPOrpaM
BijoBifgHO /10 dismuHOrO PO3BUTKY Ta piBHA PyXOBOI IiATOTOBKY JiTel i Mi/TiTKiB.

KnrouoBi cmoBa: dakropHmit anais, xiomni 8 pokis, cTpykrypa pyxoBoi mifrorosnesocti, Kiokymmukaii kapare, ynap Ho-
roxo «Kin geri».
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Abstract

Objectives. The study aimed to explore the cognitive, behavioral, and potential epigenetic effects of martial arts-
based interventions in individuals with Attention-Deficit/Hyperactivity Disorder (ADHD).

Materials and methods. A narrative review was conducted, synthesizing findings from eleven peer-reviewed studies
examining martial arts practices — such as tackwondo, judo, karate, kung fu, qigong, and tai chi — in populations
diagnosed with ADHD. The focus was placed on executive functions, emotional regulation, and neurobiological
mechanisms. Additional literature on physical activity and epigenetic regulation was reviewed to contextualize

emerging biological hypotheses.

Results. The findings indicate that martial arts interventions were associated with improvements in attention,
working memory, and inhibitory control, particularly in structured disciplines such as judo and taekwondo. Some
studies have also reported emotional and behavioral benefits, including reduced impulsivity and improved self-
regulation. Although direct epigenetic evidence is lacking, indirect data suggest that physical activity may influence
gene expression via mechanisms such as DNA methylation and histone modifications.

Conclusions. Martial arts may support cognitive and behavioral development in individuals with ADHD. Their
structured, multimodal nature positions these training practices as promising tools to promote attention and
executive functioning. Further research is encouraged to include longitudinal epigenetic profiling to clarify

underlying biological mechanisms.

Keywords: ADHD, martial arts, executive functioning, physical activity, behavioral regulation, epigenetics.

Introduction

Attention-Deficit/Hyperactivity Disorder (ADHD)
is a common neurodevelopmental condition affecting
approximately 5% of children worldwide (American
Psychiatric Association, 2022). Characterized by symptoms
of inattention, hyperactivity, and impulsivity, ADHD is
often associated with executive function deficits, emotional
dysregulation, and academic and social challenges.

© Costanza, C., Colecchia, E P, Polito, R., Monda, M.,
Carotenuto, M., Messina, G., Monda, A., Mancini, N.,
Moscatelli, E, Bargiacchi, G., & Ruberto, M., 2025.

@ PETM
LLCOVS

Although pharmacological treatment remains the first-
line intervention, interest in complementary and non-
pharmacological approaches is growing, particularly those
that engage cognitive, behavioral, and physiological systems
simultaneously (Sethi & Mischel, 2022).

In the context of this narrative review, the term martial
artsrefers to adiverse set of structured practices that integrate
physical movement with cognitive engagement, emotional
regulation, and often philosophical or ethical principles.
The selected studies examined a range of disciplines—
including taekwondo, judo, karate, kung fu, tai chi, and
qigong—each offering unique combinations of motor
coordination, strategic thinking, self-control, and social
interaction (Archer et al., 2021). These practices commonly
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involve sequenced movements, attentional focus, and real-
time decision-making, all of which are thought to engage
core components of executive functioning. Early work
on mind-body interventions also emphasized the role of
structured movement, physical touch, and body awareness
in promoting emotional and cognitive self-regulation (Field,
2012; Levin, 2018).

Some martial arts, particularly internal styles such as
tai chi and gigong, also incorporate mindfulness elements,
controlled breathing, and interoceptive awareness. These
components are relevant to ADHD, as they may contribute
to improved emotional regulation and behavioral inhibition.
Furthermore, there is growing interest in the potential of
physical activity—including martial arts—as a modulator of
epigenetic mechanisms, such as DNA methylation, histone
modifications, and microRNA expression (Fernandes et
al., 2017; Wang & Zeng, 2021). Although direct research
on martial arts and epigenetics in ADHD is still lacking,
theoretical and biological plausibility support further
investigation.

This narrative review aims to synthesize the current
knowledge on the cognitive, behavioral, and hypothesized
epigenetic effects of martial arts in individuals with ADHD,
providing a critical overview of available evidence and
identifying gaps for future research.

Materials and Methods

A narrative review was conducted, synthesizing findings
from eleven peer-reviewed studies examining martial arts
practices—such as taekwondo, judo, karate, kung fu, qigong,
and tai chi—in populations diagnosed with ADHD. Focus
was placed on executive functions, emotional regulation,
and neurobiological mechanisms. Additional literature
regarding physical activity and epigenetic regulation was
reviewed to contextualize emerging biological hypotheses.

Results

Cognitive and Executive Functioning Benefits

Several studies have reported that martial arts
interventions are associated with measurable improvements
in executive functioning among individuals with ADHD.
Practices such as taekwondo, judo, and karate emphasize
structured movement sequences, goal-directed attention,
and cognitive flexibility, which are all relevant to core deficits
observed in ADHD.

In a randomized controlled trial, Kadri et al. (2019)
demonstrated that an 18-month taekwondo program
significantly enhanced selective attention, sustained
attention, and inhibitory control in adolescents with ADHD,
with very large effect sizes across Stroop and Ruff 2 & 7 tasks.
Similarly, Ludyga et al. (2022) found that 12 weeks of judo
training improved visuospatial working memory and was
associated with increased contralateral delay activity (CDA)
on EEG recordings—an index of working memory capacity.

The published narrative reviews and the theoretical
analyses further support the hypothesis that martial arts
training fosters self-monitoring, motor planning, and
response inhibition, especially in cognitively demanding
styles like kung fu and karate (Pujari, 2024). According to Li

et al. (2023), who conducted a network meta-analysis of 31
RCTs, martial arts ranked among the most effective physical
interventions for improving executive domains such as
working memory, inhibition, and cognitive flexibility in
children with ADHD.

These findings suggest that martial arts may serve as
ecologically valid cognitive training, combining physical
exertion with attentional control, real-time decision-
making, and sequential processing—skills that overlap
with neuropsychological constructs targeted in cognitive
rehabilitation. Electrophysiological studies have shown
enhanced corticospinal excitability and faster reaction times
in karate practitioners compared to controls, supporting
the role of martial arts in motor-cognitive integration
(Moscatelli et al., 2016a).

Emotional and Behavioral Regulation in
Martial Arts-Based Interventions

Beyond cognitive gains, martial arts interventions
have shown promising effects on emotional regulation
and behavioral outcomes in individuals with ADHD.
These practices often involve not only physical discipline,
but also breathing techniques, structured routines, and
ethical components that foster self-control and emotional
awareness.

In a pilot study involving four school-aged children
diagnosed with ADHD, ODD, and CD, Rodrigues et al.
(2019) reported substantial reductions in hyperactivity,
oppositional behavior, and conduct symptoms following a
tajjiquan and qigong program. Improvements exceeded 40%
across multiple domains, particularly in cases with milder
baseline severity.

Moreover, the mind-body practices such as tai chi and
qigong have also been linked to reductions in impulsivity
and anxiety symptoms. A scoping review by Ribeiro da Silva
et al. (2024) highlighted the potential of tai chi to modulate
attention and behavioral regulation in impulsivity-related
disorders, including ADHD, by promoting executive
awareness and prefrontal activation.

Interestingly, Ludyga et al. (2023) found that while judo
training improved behavioral inhibition in preterm children,
it had limited impact in those with ADHD—possibly due
to greater baseline cognitive load, comorbidities, or lower
motor competence in the latter group. This highlights the
importance of participant-specific factors in modulating
treatment responsiveness.

Overall, the martial arts appear to be effective in
channeling hyperactivity and improving the emotional and
mood regulation and stability, particularly in interventions
that integrate breath work, mindfulness, and regulated
interpersonal interaction, suggesting their role as behavioral
support tools (Kerekes et al., 2004). These findings align with
broader evidence showing that physical activity contributes
to affective stabilization and emotional regulation across a
range of psychiatric conditions (Vancampfort et al., 2021).

Comparisons with Other Physical Activities

While various types of physical activity have shown
benefits for children and adolescents with ADHD, the martial
arts may offer unique advantages due to their multimodal
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nature, which combines motor, cognitive, emotional, and
ethical components.

Traditional aerobic exercises—such as running,
swimming, or cycling—have been widely studied for their
effects on attention and mood (Budde & Wegner, 2023).
These activities can improve cardiorespiratory fitness,
increase dopamine and norepinephrine levels, and reduce
stress-related symptoms. However, they often lack the
complex structure, strategic engagement, and interpersonal
discipline inherent in martial arts training (Li et al., 2023).

In a network meta-analysis of 31 randomized
controlled trials, Li et al. (2023) found that martial arts-
based interventions ranked among the most effective for
improving working memory, attention, and cognitive
flexibility, outperforming other forms of physical exercise
such as aerobic training in several domains. This may be due
to the executive demands placed on practitioners during
sparring, pattern execution, and tactical planning. Unlike
generic aerobic exercise, martial arts require coordinated,
high-demand motor patterns that enhance corticospinal
responsiveness (Moscatelli et al., 2016¢).

Moreover, practices such as judo, taekwondo, and tai chi
often require regulation of arousal, focused breathing, and
respectful social interaction, which may further support self-
regulation skills. These features are less prominent in unstruc-
tured physical activities or team sports, which can be over-
stimulating for individuals with ADHD (Zannella et al., 2021).

Taken together, the existing literature suggests that
martial arts are not merely physical training, but integrated
systems of behavioral shaping, capable of engaging multiple
domains of functioning in ways that may be particularly
suited to neurodevelopmental conditions like ADHD.

Neurobiological and Epigenetic Mechanisms
of Physical Activity in ADHD

While direct epigenetic studies on martial arts and
ADHD are currently lacking, emerging evidence suggests
that physical activity—especially when structured and
cognitively engaging—can induce neurobiological and
epigenetic changes relevant to ADHD pathophysiology
(Wang & Zeng, 2021).

According to the neurocognitive perspective,
interventions such as judo and tai chi have been associated
with enhanced frontal brain activation, improved working
memory, and changes in electrophysiological markers
like contralateral delay activity (CDA) and P3a amplitude
(Ludyga et al., 2022; 2023). These effects align with increased
activity in neural circuits involving the prefrontal cortex,
basal ganglia, and cerebellum—brain regions properly
involved in attention and executive control.

Increased cortical excitability following physical exertion
has been observed in martial arts athletes, potentially linking
metabolic activity and neural activation (Moscatelli et al.,
2016b).

At the molecular level, the physical activity is known to
modulate gene expression through epigenetic mechanisms,
including DNA methylation, histone modifications, and
the regulation of non-coding RNAs (Fernandes et al., 2017;
Zannellaetal.,2021). For instance, aerobic and coordination-
based exercises can reduce methylation of genes like BDNF
(brain-derived neurotrophic factor), which is crucial for
synaptic plasticity and executive functioning consequently.

Moreover, recent findings suggest that nutritional
factors—such as choline, folate, and vitamin B12—
can interact with physical activity through one-carbon
metabolism, influencing methyl donor availability and,
consequently, DNA and histone methylation (Vallée, 2023;
Poptawska et al., 2023). These processes are particularly
active during developmental windows such as childhood
and adolescence, when the epigenome is more plastic and
sensitive to the environmental inputs.

Although current martial arts studies in ADHD
populations have not included epigenetic profiling, the
observed cognitive and behavioral benefits, combined
with biological plausibility, support the hypothesis that
regular martial arts practice may contribute to long-term
neurodevelopmental modulation via epigenetic pathways
(Zhou et al., 2023).

Discussion

Table 1 summarizes the main characteristics of the elev-
en studies included in the present narrative review, outlining
the type of martial arts practiced, target population, duration
and design of the interventions, pharmacological status of
participants, and key clinical outcomes. The evidence sug-
gests that martial arts interventions—particularly those em-
phasizing structure, repetition, and self-regulation—are as-
sociated with improvements in attention, inhibitory control,
and working memory in youth with ADHD. Disciplines such
as tackwondo, judo, and karate demonstrated the most robust
cognitive effects in randomized controlled trials, while tai chi,
qigong, and hybrid practices contributed to emotional and
behavioral regulation, especially in pilot or scoping studies.

Interestingly, participants undergoing pharmacological
treatment showed less consistent benefits as reported by
Ludyga et al. (2023) and by Converse et al. (2021). These
studies raise questions about the baseline neurocognitive
load, potential ceiling effects of medication, and the possible
interactions between pharmacological and behavioral
interventions. Conversely, children not on medication
appeared to respond more favorably, particularly in studies
involving sustained and immersive practice formats (Kadri
et al,, 2019; Rodrigues et al., 2019). Despite the variability
in intervention length, intensity, and design, most studies
reported favorable outcomes across cognitive and behavioral
domains, reinforcing the idea that martial arts can act as
ecological platforms for self-regulation training, integrating
body, mind, and interpersonal coordination.

Epigenetic and Neurobiological Perspectives

Beyond behavioral outcomes, a growing body of research
suggests that the physical activity acts as an environmental
modulator of gene expression via epigenetic mechanisms
(Wang & Zeng, 2021). Although none of the studies in
the present narrative review directly measured molecular
biomarkers, their findings are consistent with literature
linking exercise to reduced DNA methylation, histone
acetylation, and modulated microRNA activity in brain
regions involved in attention and executive functioning
(Fernandes et al., 2017; Zannella et al., 2021; Vallée, 2023).

Specifically, the interventions that engage coordination,
planning, and self-discipline, such as the martial arts practice,
may stimulate the expression of geneslike BDNF, mayimprove
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Table 1. The main characteristics of the studies

Author (Year) Martial Art Population R e Duration Stu.d Y Main Outcomes
Treatment Design
Kadri et al. (2019) Taekwondo Adolescents No 18 months (2x/ CT N attention,
(n=40) week) inhibition, exec.
function
Rodrigues et al. Taijiquan + Children (n=4) No 30 sessions (20 Pilot {J hyperactivity,
(2019) Qigong min) study ODD/CD symptoms
Pujari (2024) Karate, Kung ~ Narrative No N/A Narrative | attention, self-
Fu review review regulation
Ribeiro da Silva et Tai Chi Various Mixed Variable Scoping | impulsivity, T
al. (2024) review emotional control
Lietal. (2023) Various Children/ Mixed 4-24 weeks Meta- ™
(incl. martial adolescents analysis exec.functions,
arts) (31 RCTs) attention
Ludyga et al. (2022)  Judo Children (n=57) Yes 12 weeks (2x60 CT /N visuospatial
min) memory, CDA (EEG)
Ludyga et al. (2023)  Judo Children with  Yes (ADHD) 12 weeks (2x60  Meta- Only preterms
ADHD/preterm min) analysis  improved in
inhibition, P3a
Converse et al. Tai Chi University Presumably yes 7 weeks (2x/ RCT Good tolerance,
(2021) students (n=21) week) low adherence, no
CAARS improvement

the dopaminergic pathway activity, and can modulate the
stress reactivity. These adaptations are particularly relevant
during sensitive developmental windows in childhood
and adolescence, when the epigenome is more plastic and
responsive to environmental inputs (Zhou et al., 2023).
Moreover, the interaction between the physical activity
and nutrition—through one-carbon metabolism and methyl
donoravailability—suggeststhatlifestyle-based interventions
could offer durable neurodevelopmental benefits. Although
these hypotheses remain theoretical, they warrant further
investigation through integrated behavioral and biological
study designs (Chen et al., 2020). Future research should
also consider frequent comorbidities in ADHD, such as
developmental coordination disorder and epilepsy, which
may influence intervention outcomes (Esposito et al., 2025).

Limitations and Future Directions

Several limitations must be acknowledged. Most
included studies employed small sample sizes, short
durations, and heterogeneous outcome measures. There is
also a lack of standardized intervention protocols and a near
absence of long-term follow-up assessments. Furthermore,
the variability in participant profiles—age, medication
status, comorbidities—makes generalization difficult.

Future research should prioritize well-powered RCTs
with clearly defined the martial arts programs, control
conditions, and epigenetic profiling. Biomarker studies
involving methylation patterns, gene expression, and
neuroimaging could clarify the biological underpinnings of
observed behavioral improvements.

Finally, understanding for whom and under which
conditions martial arts are most beneficial will require
personalized approaches that consider baseline motor
competence, symptom severity, and motivation.

Conclusion

In conclusion, martial arts represent a promising, mul-
tidimensional approach to supporting children and adoles-
cents with ADHD. While current evidence highlights ben-
efits across cognitive, behavioral, and emotional domains,
the absence of epigenetic data calls for future research in-
tegrating molecular and neurodevelopmental markers. The
structured, integrative nature of martial arts—blending
physical coordination, mental focus, and emotional regula-
tion—positions these practices as potentially powerful tools
in holistic ADHD management. A deeper understanding of
the biological mechanisms involved, especially those modu-
lated by lifestyle and experience, could unlock new avenues
for personalized, sustainable interventions.
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Abstract

Background. Universal Design for Learning (UDL) offers a transformative framework for fostering equity in inclusive
physical education (PE), addressing the diverse needs of students with disabilities through flexible engagement,
representation, and action/expression. Despite its theoretical alignment with proactive inclusion, implementation
disparities persist globally, influenced by teacher preparedness, resource limitations, and cultural contexts.
Objectives. The main objective of this study was to evaluate how UDL-aligned strategies can overcome these
contextual barriers.

Materials and methods. This systematic review evaluated the efficacy of UDL-aligned pedagogical strategies in
enhancing participation, motor skills, social inclusion, and engagement in PE for K-12 students with disabilities.

A comprehensive search across Scopus (n = 1,183) and Web of Science (n = 823) identified 2,006 studies, refined to
13 high-quality articles via rigorous screening, bias assessment (Cochrane RoB 2.0, Newcastle-Ottawa Scale), and
dual independent extraction.

Results. Mixed-methods synthesis revealed that UDL interventions significantly improved motor skill progression
(n? = 0.67) and participation rates (up to 50 %) in OECD contexts, driven by adaptive equipment and multimodal
instruction. Social inclusion increased through collaborative tasks (30 % peer interaction gains), though hidden
exclusion persisted in non-OECD settings due to stigma and infrastructural gaps. Key barriers included inconsistent
teacher training (40 % of OECD educators reported inadequate preparation) and resource scarcity, particularly

in underfunded schools. Technology integration (Al virtual reality) has demonstrated potential in personalizing
learning and bridging accessibility gaps. The findings underscore the necessity of systemic reforms: mandatory UDL
training in teacher education, policy-driven resource allocation, and cross-sector collaborations to scale inclusive
practices.

Conclusions. This review supports the implementation of longitudinal studies and standardized metrics to address
methodological limitations, emphasizing UDLs role in achieving equitable, sustainable PE environments globally.
By aligning pedagogical innovation with institutional support, UDL can transcend contextual barriers, ensuring all
students thrive in dynamic, inclusive settings.

Keywords: motor skill, development, teacher training, social inclusion.

Introduction tional design to accommodate diverse learner needs, align-
ing seamlessly with the goals of inclusive physical education
(PE). Grounded in three core principles—multiple means of
engagement, representation, and action/expression—UDL
aims to remove barriers and foster equitable participation
across students with motor, sensory, intellectual, psychologi-

C PETM cal, and chronic disabilities (Block et al., 2021; Capp, 2020;
@A LLCOVS

Universal Design for Learning (UDL) provides a peda-
gogical framework that integrates flexibility into instruc-

© Lourengo, C., Ben Rakaa, O., Bassiri, M., & Lotfi, S., 2025.
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Lourengo et al., 2025). In PE, this translates to environments
where diverse physical, cognitive, and emotional capacities
are anticipated rather than retrofitted, shifting the focus from
adaptation to proactive inclusion (Basham et al., 2020; Griful-
Freixenet et al., 2020). Research underscores that UDLs em-
phasis on variability complements PE’s dynamic nature, en-
abling tailored motor experiences that enhance engagement
over traditional one-size-fits-all approaches (Alquraini & Rao,
2020; Valero-Valenzuela et al., 2020). Theoretical alignment
with inclusive PE hinges on fostering autonomy and agency,
critical for students with disabilities to navigate physical tasks
(Block et al., 2021; de Ocdriz & Lavega-Burgués, 2020). Em-
pirical studies from OECD contexts, such as Australia, high-
light UDL: role in personalizing learning, while non-OECD
settings like Saudi Arabia reveal gaps in its application due
to cultural and resource constraints (Alquraini & Rao, 2020;
Capp, 2020). Methodologically, the reliance on teacher self-
reports limits objectivity, suggesting a need for observational
data to validate UDLs theoretical fit (Jakubovic & Memise-
vic, 2024; Ortiz-Jiménez et al., 2020). Bridging these gaps re-
quires integrating UDL principles with PE-specific strategies,
such as gamification, to optimize motor and social outcomes
(Lavega-Burgués et al., 2024; Melki & Bouzid, 2023; Valero-
Valenzuela et al., 2020). Evidence-based solutions involve
embedding UDL training within teacher education to ensure
its practical translation into inclusive PE settings (Efthymiou,
2024; Loyd et al., 2024; Rasmitadila et al., 2024).

Evidence on UDL: eflicacy in PE reveals significant im-
provements in participation metrics and motor skill pro-
gression compared to traditional methods, though findings
vary by context and disability type. Studies indicate that
UDL-aligned strategies, such as varied task representations
and flexible goals, increase active participation rates by up to
50% among students with disabilities, particularly in OECD
countries with robust infrastructure (Block et al., 2021;
Capp, 2020). Motor skill development surpasses traditional
outcomes when UDL incorporates sensorimotor options,
outperforming rigid curricula by enhancing coordination
and strength in students with motor impairments (Block et
al,, 2021; Lavega-Burgués et al.,, 2024). Non-OECD settings
report less pronounced gains, often due to limited access to
adaptive equipment (Alquraini & Rao, 2020; Rasmitadila
et al., 2024). Engagement patterns reflect higher self-deter-
mination when UDL fosters choice, contrasting with tradi-
tional PE’s lower motivational impact (Basham et al., 2020;
Valero-Valenzuela et al., 2020). Quantitative analyses from
confirm these trends, yet small sample sizes and short in-
tervention durations undermine generalizability (Jakubovic
& Memisevic, 2024; Loyd et al., 2024). Mixed-methods de-
signs reveal that students with intellectual disabilities benefit
most from UDLs multimodal instruction, while those with
chronic conditions show variable progress due to fatigue-
related barriers (de Océriz & Lavega-Burgués, 2020; Ortiz-
Jiménez et al., 2020). Addressing these limitations requires
longitudinal studies and standardized metrics to track skill
acquisition across diverse disabilities (Efthymiou, 2024; Gri-
ful-Freixenet et al., 2020). Solutions include leveraging tech-
nology, such as interactive modules, to sustain engagement
and skill gains, particularly in under-resourced contexts (Er-
rabo & Ongoco, 2024; Song et al., 2025).

Social inclusion in UDL-aligned PE hinges on mecha-
nisms like peer interactions and a sense of belonging, yet
hidden exclusion factors persist. Research demonstrates that

UDLs emphasis on collaborative tasks enhances peer ac-
ceptance, with studies reporting a 30% increase in positive
interactions among students with sensory and psychologi-
cal disabilities (Block et al., 2021; Valero-Valenzuela et al.,
2020). Belongingness strengthens when UDL integrates
agency support, reducing isolation compared to traditional
PE’s competitive focus (Basham et al., 2020; Lavega-Bur-
gués et al., 2024). OECD contexts, such as the UAE, show
structured peer support amplifying these effects, while non-
OECD settings struggle with cultural stigmas that hinder
social cohesion (Alquraini & Rao, 2020; Loyd et al., 2024).
Empirical data highlight that students with intellectual dis-
abilities experience greater social gains than those with mo-
tor impairments, suggesting disability-specific dynamics
(Block et al., 2021; Jakubovic & Memisevic, 2024). However,
methodological reliance on surveys overlooks real-time so-
cial behaviors, necessitating video-based analyses (de Océriz
& Lavega-Burgués, 2020; Ortiz-Jiménez et al., 2020). Hidden
exclusion emerges from unmodified group activities, where
students with chronic or sensory disabilities are sidelined,
revealing UDLs incomplete penetration (Griful-Freixenet et
al., 2020; Rasmitadila et al., 2024). Evidence-based strategies
include teacher-led peer training and gamified interactions
to bridge these gaps (Efthymiou, 2024; Song et al., 2025). En-
hancing social inclusion demands intentional design of co-
operative structures within UDL frameworks to ensure eq-
uitable participation (Capp, 2020; Errabo & Ongoco, 2024).

Systemic barriers, notably teacher training gaps and re-
source limitations, impede UDLs implementation in inclusive
PE, with disparities evident across global contexts. Teachers
in OECD countries report higher confidence in UDL applica-
tion, yet only 40% feel adequately trained, while non-OECD
educators cite insufficient professional development as a pri-
mary obstacle (Alquraini & Rao, 2020; Capp, 2020). Resource
scarcity—adaptive equipment, planning time, and person-
nel—further restricts UDLs reach, particularly in rural or
underfunded schools (Loyd et al., 2024; Ortiz-Jiménez et al.,
2020). The studies identify a lack of policy clarity as a universal
challenge, with fragmented guidelines undermining scalability
(Basham et al., 2020; Haegele et al., 2024). Methodologically,
cross-sectional designs fail to capture long-term training im-
pacts, calling for cohort studies (Griful-Freixenet et al., 2020;
Jakubovic & Memisevic, 2024). Teachers’ ethical compass
and growth mindset correlate with UDL adoption, yet these
traits remain underdeveloped without targeted interventions
(Efthymiou, 2024; Valero-Valenzuela et al., 2020). The main
objective of this study is to evaluate how UDL-aligned strate-
gies can overcome these contextual barriers. Solutions involve
mandatory UDL modules in preservice programs, technology
subsidies, and inter-school collaborations to pool resources
(Rasmitadila et al., 2024; Song et al., 2025). Addressing these
challenges requires systemic investment to align teacher com-
petencies and institutional capacity with UDLs inclusive vi-
sion (Block et al., 2021; Errabo & Ongoco, 2024).

Materials and Methods

Experimental Approach to the Problem

This systematic review evaluates the efficacy of peda-
gogical strategies aligned with Universal Design for Learn-
ing (UDL) principles in inclusive physical education (PE)
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for students with special educational needs, including motor,
intellectual, sensory, or psychological disabilities, as well as
chronic health conditions. Employing a rigorous methodol-
ogy, the study examines the impact of these interventions
on student participation, motor skill development, social
inclusion, and engagement, while identifying contextual
barriers (e.g., inadequate teacher training, limited resourc-
es). A comprehensive search across Scopus (n = 1,183) and
Web of Science (n = 823), utilizing Boolean terms targeting
UDL, disabilities, and pedagogical adaptations, identified
2,006 studies, narrowed to 13 after duplicate removal (n =
1,715), eligibility screening, and exclusion of high-risk-of-
bias studies (via Cochrane RoB 2.0, Newcastle-Ottawa Scale,
and CASP checklist). Dual independent data extraction cap-
tured interventions such as blended learning, technological
tools (Al virtual reality), and adapted equipment, synthe-
sized into thematic tables to compare efficacy. Results high-
light significant motor skill improvements and face-to-face
engagement, alongside challenges in online component in-
tegration. This mixed-methods analysis (RCTs, qualitative
studies) provides actionable recommendations for educa-
tional policy and teacher training, advancing UDL imple-
mentation in diverse school contexts.

Information Sources

In order to ensure that the existing literature on the
subject is covered exhaustively, the present review has been
drawn from several academic databases. These are Scopus
(n =1183) and Web of Science (n = 823) in particular, which
have yielded randomised controlled trials, medical and
clinical studies, as well as research that is specific to the field
of the Universal Design for Learning

Search Strategy

The search strategy employed for this systematic
review incorporated a combination of Boolean terms
and methodological filters, to identify studies evaluating
the application of Universal Design for Learning (UDL)
principles in physical education. The following keywords
were used in the Scopus and Web of Science databases:
(“Universal Design for Learning” OR UDL OR “Universal
Design for Learning principles”) AND (“physical education”
OR “PE” OR “adapted physical activity” OR “inclusive
physical education” OR “motor skills” OR “sport pedagogy”)
AND (“strategies” OR “intervention” OR “adaptation” OR
“teacher training” OR “neurodivergent” OR “disabilities” OR
“inclusion” OR “engagement” OR “accessibility”)

Eligibility Criteria

The population under consideration is as follows: Stud-
ies involving school-aged students (K-12) with special
educational needs, including motor, intellectual, sensory,
psychological disabilities, or chronic health conditions, par-
ticipating in physical education (PE) settings. Intervention:
Pedagogical strategies are to be aligned with Universal De-
sign for Learning (UDL) principles (e.g. engagement, repre-
sentation, action/expression) or with adaptive practices (e.g.
modified equipment, blended learning, AI-supported tools)
in PE. Outcomes: The collection of quantitative or qualitative

data on student engagement, physical fitness, social inclu-
sion, skill development, or autonomy (e.g., attendance, peer
interactions, motor skill proficiency, self-regulation (Ben
Rakaa et al., 2025b), is also a key component of the study.
Study Design: Empirical studies, including randomized con-
trolled trials (RCTs), quasi-experimental designs, observa-
tional studies, qualitative research, or mixed-methods ap-
proaches. Publication: Peer-reviewed articles in English or
Spanish, published between January 2015 and March 2025.

Data Extraction

The data extraction process was conducted in a
standardizedandsystematicmannertoensuremethodological
consistency and rigor. Extracted information included:
complete study references (authors, year, country), study
design (randomized controlled trials, qualitative studies,
mixed methods), population characteristics (age, disability
type, educational context), and detailed descriptions of
adapted pedagogical interventions, particularly those aligned
with Universal Design for Learning (UDL) principles (e.g.,
technological tools, modified equipment, blended learning).
Measured outcomes, such as student participation, motor
skill improvement, social inclusion, engagement, and teacher
perceptions, were systematically collected. This procedure,
carried out in duplicate by two independent reviewers
with discrepancy resolution (k agreement = 0.89), ensured
transparency and minimized errors. Data were subsequently
synthesized based on methodological quality, assessed via
the JBI Critical Appraisal Checklist, and their relevance to
the review’s core objective: assessing the efficacy of UDL
strategies in promoting inclusive physical education.

Assessment of Study Methodology

The methodological quality and risk of bias of the
included studies were assessed to ensure transparent,
reproducible, and rigorous analysis. For randomized
controlled trials (RCTs), the Cochrane Risk of Bias Tool
(RoB 2.0) was employed to evaluate potential biases
across five critical domains: randomization processes,
deviations from intended interventions, missing
outcome data, outcome measurement, and selective
reporting. Observational studies (cohort, case-control)
were appraised using the Newcastle-Ottawa Scale (NOS),
which assessed participant selection (representativeness,
recruitment methods), group comparability (adjustment for
confounders), and outcome validity (accuracy and follow-up
adequacy). Qualitative studies were evaluated via the Critical
Appraisal Skills Programme (CASP) checklist, focusing on
the clarity of research aims, methodological coherence, rigor
in data collection and analysis, and ethical considerations.
Two independent assessors carried out these evaluations, and
inter-assessor reliability. Discrepancies were resolved through
consensus discussions. The results of these assessments
have been integrated into narrative and tabular summaries
in order to weight conclusions according to the quality of
the evidence (e.g. exclusion of studies with a high risk of
bias in sensitivity analyses). This stratified approach, which
explicitly takes into account the impact of bias on the overall
interpretation, reinforces the validity of the requirements for
transparency and reproducibility of conclusions.
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Results

Identification and Selection of Studies

of studies via

Identification

Records identified from:

Scopus (n=1183)

Web of Science (n = 823)
Total: 2006

Records removed prior to screening:
Duplicate records removed (n = 432)
Records marked as ineligible by

automation tools (n = 1283)

Records screened: (n=291)

(2006 total records - 1715 duplicates)

1

Screening

Reports sought for retrieval:
(n=40)
(291 screened - 251 excluded)

1

Reports assessed for eligibility:
(n=37)

Records excluded: (n =251)

Reports not retrieved: (n = 3)

Reports excluded:

Exclusion criterion 1 = 10

(40 reports sought,3 not retrieved)

Inclusion

Studies included in the review
(n=13)

Exclusion criterion 2 = 8

Exclusion criterion 3 =3

Fig. 1. Studies Characteristics and Synthesis

Table 1. Socio-demographic characteristics of studies

Discussion

Teacher preparation and training

Inclusive education has emerged as a critical domain
that champions equity, diversity, and accessibility for
all learners (Block et al., 2021). Research in this area has
rapidly evolved, underscoring the necessity for Universal
Design for Learning (UDL) as a means to create adaptable,
engaging environments in physical education (Gilbert,
2019). Teacher training programs, however, continue to lag
behind the innovative practices required for true inclusion
(Jakubovic & Memisevic, 2024; Salvatori & Cherubini,
2024). The integration of empirical studies and theoretical
frameworks into the existing literature confirms the urgent
need to systematically reinforce teachers” skills (Loyd et
al., 2024). Evidence suggests that inadequate professional
development remains a primary barrier in implementing
UDL in PE settings (Rosidah et al., 2024). At the same time,
technological advancements and interdisciplinary research
provide new opportunities to tailor physical activities to
diverse learner needs (Sapre et al., 2025). Policy reforms
aimed at embedding inclusive practices into national
educational guidelines have shown promising potential,
yet the translation of policy into practice is inconsistent
(Kulal et al., 2024). The literature highlights that in many
educational contexts, teachers express a lack of confidence
when applying UDL and Differentiated Instruction (DI)
strategies in physical settings (Blegur & Hardiansyah, 2024).
Collaborative models that include educational assistants and
community partners have been proposed as effective ways
to overcome these challenges (Morrison & Gleddie, 2019).
In addition, the ongoing digital transformation, accelerated

Au‘t{l;::(s) Title of Article Country Participants Variables Measured  Category of Study Qslt:;ﬁily
(Kitching,  T1l do it tomorrow’: Ireland 58 year 3 students Student engagement, Universal Design ~ Moderate
2024) supporting the engagement undertaking a Bachelor attendance in face-to- For Learning
of primary pre-service of Education primary face classes, engagement strategies for
teachers through blended, generalist degree with with online learning accessibility/
inquiry-based learning a physical education components, peer- engagement in
specialism to-peer relationships, Physical Education
self-regulation and
autonomy
(Gilbert, Designing Inclusive USA Hypothetical classes: 5th-  Implementation of UDL UDL strategies High
2019) Physical Education with grade (striking unit, n=26) strategies (engagement, for accessibility/
Universal Design for and 8th-grade (dance representation, action/ ~ engagement in PE.
Learning unit, n=26) students expression) in PE
with diverse needs (2 curricula.
ESL learners, 6 IEPs: 1
wheelchair user, 2 ASD, 3
intellectual disabilities).
(Sapre et Enhancing home-based USA Neurodivergent children ~ Program accessibility, UDL strategies High
al., 2025)  physical activity for (exact number unspecified; engagement, for accessibility/
neurodivergent children: program involved 132 effectiveness of AI-UDL  engagement in
adapting the InPACT at videos and 500+ activities) ~adaptations, motor skill ~ Physical Education
Home program with AI categorization, cognitive
and universal design load management
(Lieberman Infusing Universal Design ~ USA PETE programs and Integration of UDL Effectiveness of Moderate
& Grenier, for Learning into Physical preservice teachers (no principles (engagement, teacher training in
2019) Education Professional specific sample size; focus  representation, action/ ~ UDL in Physical
Preparation Programs on systemic integration) expression), preservice ~ Education

teacher preparedness,
instructional strategies
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Table 1 (continued)

Au;l;::(s) Title of Article Country Participants Variables Measured  Category of Study Qsltll;ﬁily
(Abellan Learning to teach through  Spain 12 students (8 male, 7 Applicability and UDL strategies Moderate
& Segovia, the Sport Education model female; aged 14-23) with  feasibility of the Sport for accessibility/
2024) in special schools: from intellectual disabilities; 1 Education Model engagement in PE
theory to practice physical education teacher (MED); facilitators
(29 years old, 2 years of (team identity, roles,
experience) student-centered
teaching); barriers
(equitable participation,
time, motivation)
(Wyantet  Navigating the USA Conceptual framework; no Framework components UDL strategies High
al., 2024) T.E.CHN.O.LO.G.Y. empirical participants (equity, accessibility, for accessibility/
Integration Landscape professional engagement in PE
in Physical Education: development,
Principles, Tools, and technology tools)
Solutions for Sustained Use
(Castillo-  Physical education and Chile 8 PE teachers (4 male, 4 Teacher preparedness Effectiveness of Moderate
Retamal et special educational needs: female; aged 30-45) from  for SEN, curriculum teacher training in
al., 2024)  teachers perceptions of primary/secondary schools adaptation strategies, UDL in PE
their level of preparation in central-southern Chile ~ UDL application,
infrastructure/
material limitations,
collaboration with
special educators (PIE)
(Ludwa &  Spikeball for All: How USA Conceptual focus on PE Accessibility, UDL strategies High
Lieberman, to Universally Design students, including those ~ engagement, motor/ for accessibility/
2019) Spikeball with disabilities (e.g., ASD, social skill development, engagement in PE
visual impairments) inclusivity via UDL
adaptations
(Grenier et Training needs of USA 11 participants: 4 parents ~ Barriers to PE Effectiveness of Moderate
al,, 2025)  educators for students with of children with VIAD participation (training  teacher training in
visual impairments and (aged 7-12), 6 APE gaps, administrative UDL in PE
additional disabilities: A teachers, 1 teacher of support, resources);
qualitative inquiry visually impaired UDL application;
training needs
(van Universal Design USA 11 participants: 1 adapted  Instructional approaches UDL strategies High
Munster et for Learning and PE specialist (male), 5 (Normalized Instruction, for accessibility/
al., 2019) Differentiated Instruction PE teachers (4 female, Differentiated engagement in
in Physical Education 1 male), and 5 students Instruction, Universally ~ PE (inferred:
with disabilities (ages Designed Instruction), ~ Focus on
5-10; grades K-5th) with  including program identifying UDL
diagnoses including low modifications, implementation
vision, Down syndrome, pedagogical alongside
cerebral palsy, spina bifida, accommodations, differentiated
and autism spectrum and UDL principles practices).
disorder. (representation,
action/expression,
engagement).
(Lopez Universal Design for Spain 25 physical education Program dimensions UDL strategies Moderate to
Ibanezet  Learning and ICT in the teachers (14 male, 11 (justification, objectives, for accessibility/ High
al., 2023) Physical Education Area: female; 3-11 years content, resources, engagement in
Design and Validation of of experience) and 2 activities, methodology, PE (inferred:
an Intervention Proposal university experts for chronology, evaluation), Focus on
validation. Students: 4th-  expert agreement integrating UDL
grade primary students (Kappa coefficient), and ICT to design
with intellectual disabilities ~reliability (Cronbach’s inclusive PE
(ages 9-10). alpha). programs).
(Kennedy  Universal Design for USA Not applicable (conceptual/ Curriculum alignment ~ UDL strategies Moderate
& Yun, Learning as a Curriculum theoretical analysis; no with UDL principles for accessibility/
2019) Development Tool in empirical participants). (multiple means engagement in
Physical Education Focus on curriculum of representation, PE (inferred:
design for students with action/expression, Focus on UDL
disabilities in PE. engagement), teacher as a proactive
preparedness, student curriculum
outcomes (expert tool to enhance
learners). inclusion).
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Table 1 (continued)

Author(s) . . .. . Study
Year Title of Article Country Participants Variables Measured  Category of Study Quality
(Taunton et Universally Designed USA N =69 children (43% - Fundamental Motor UDL strategies High

Motor Skill Intervention
for Children with and
without Disabilities

al,, 2017)

female; M<sub>age</

sub> = 4.6 years, SD
=0.51) from a Head

Start program. 42% had
disabilities (speech/
language disorders, ADHD,
autism spectrum disorders,
intellectual disabilities).

Skills (FMS) via TGMD-
2 raw scores (locomotor/

for accessibility/
engagement in

object control subscales). PE (inferred from
- Percentile ranks for focus on inclusive,
FMS. universally
designed
motor skill
interventions).

Ethnicity: 65.2% African-
American, 24.6% Hispanic,
1.4% Caucasian/Asian.
BMI: M = 16.08, SD = 1.09.
Stratified into SKIP-UDL
(n=40) and control (n=27)

groups.

by recent global crises, underscores the critical role of ICT
and Al in bridging resource gaps (Basham et al., 2020). By
synthesizing these diverse perspectives, the current analysis
provides a comprehensive view of the current state of
inclusive practice in physical education (Ben Rakaa et al.,
2025a; Griful-Freixenet et al., 2020).

A growing body of research emphasizes the importance
of teacher preparedness as a foundational element for suc-
cessful inclusive education (Capp, 2020). Studies from vari-
ous regions illustrate that effective teacher training programs
significantly enhance educators’ abilities to implement UDL
in their classrooms (Loyd et al., 2024). Innovative professional
development models, which incorporate both theoretical and
practical components, have proven successful in increasing
teacher efficacy in PE (Kulal et al., 2024). Research findings
indicate that when teachers are equipped with the appropri-
ate skills and resources, they are more likely to adopt inclu-
sive strategies and engage in reflective practice (Block et al.,
2021). Moreover, previous research reveals that a majority of
teachers identify a lack of structured training as a key impedi-
ment to effectively integrating inclusive practice (Jakubovic
& Memisevic, 2024). Notably, studies A multitude of studies
have been carried out, showing that teachers feel ill-prepared
for the complexities of inclusive physical education environ-
ments (Ben Rakaa et al., 2024a, 2024b; Rosidah et al., 2024).
The integration of DI alongside UDL further supports the
creation of adaptive curricula that address the spectrum of
student needs (Griful-Freixenet et al., 2020). Research on ICT
integration in classrooms has also highlighted the importance
of aligning digital resources with inclusive pedagogies to
maximize student engagement (Ortiz-Jiménez et al., 2020).
In addition, collaborative efforts among educators, specialists,
and policymakers have emerged as crucial for sustaining in-
clusive practice (Morrison & Gleddie, 2019). The data further
corroborates that innovative training programs incorporating
modern technology can enhance teachers™ ability to imple-
ment inclusive practices effectively (Sapre et al., 2025).

Innovative Pedagogical Strategies and
Technological Integration

Innovative strategies that integrate UDL and DI in
physical education have demonstrated significant potential
in transforming inclusive practice (Griful-Freixenet et al.,

2020). Evidence suggests that the combination of these
pedagogical frameworks can address the varied needs of
students by offering multiple modes of engagement (Belabbes
et al,, 2025), representation (Almonacid-Fierro et al., 2021),
and expression (Block et al., 2021). Recent studies report that
DI, when embedded within UDL, facilitates a dynamic and
responsive teaching environment (Blegur & Hardiansyah,
2024). In practical terms, these approaches encourage the
development of curricula that are both flexible and robust,
accommodating a wide spectrum of learner differences
(Gilbert, 2019). Research has shown that inclusive physical
education programs that utilize UDL not only improve
student engagement but also foster greater autonomy and
motivation (Valero-Valenzuela et al., 2020). Additionally,
case studies from various educational settings indicate that
the implementation of UDL-driven interventions can lead
to measurable improvements in both academic and physical
performance (Sapre etal.,2025). Innovative adaptations, such
as the use of video demonstrations and kinesthetic activities,
have proven effective in making physical education more
accessible (Capp, 2020). Furthermore, educators have noted
that integrating technology into these frameworks helps
mitigate traditional resource limitations, thereby enhancing
overall teaching quality (Ortiz-Jiménez et al., 2020). The
empirical support for these integrated pedagogical strategies
reinforces the call for a more comprehensive reform of
teacher training and policy in inclusive education (Loyd et
al., 2024).

Recent technological innovations have begun to reshape
the landscape of inclusive physical education (Song et al.,
2025). The incorporation of Al-driven tools and immersive
digital platforms has been shown to enhance personalized
learning experiences for students with diverse needs (Lazou
& Tsinakos, 2023). Studies indicate that these technological
interventions are instrumental in overcoming traditional
barriers to inclusion, such as resource scarcity and limited
teacher training (Basham et al., 2020). In particular, Al-
supported applications have been successfully piloted in
physical education programs to monitor student progress
and tailor instructional strategies in real time (Sapre et
al.,, 2025). Research on cardiorespiratory coordination
metrics has further demonstrated how technology can
provide novel insights into student health and engagement
during physical activity (Abenza et al., 2025). Moreover,
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augmented reality tools are emerging as
valuable resources for creating interactive and
immersive learning environments that cater
to the needs of neurodiverse students (Lazou
& Tsinakos, 2023). Policy initiatives that
support the integration of these innovative
technologies have the potential to transform
the delivery of physical education, making it

(Rosa et al., 2025). Collaborative models
involving educators, technology experts, and
policymakers are essential to realizing this

more responsive and inclusive (Raza, 2024).
vision (Morrison & Gleddie, 2019).

The interdisciplinary nature of current
research underscores that successful inclusion
requires not only pedagogical innovation

but also systemic change at the policy level

Policy reform and resource allocation
have been identified as essential components
for supporting UDL in physical education
(Raza, 2024). National and regional policies,

Public Policy and Resource Allocation

when effectively implemented, can create

frameworks that empower teachers to apply
inclusive methodologies consistently (Loyd
et al., 2024). Recent literature emphasizes the
critical need for policy that not only advo-
cates inclusion but also provides the necessary
funding and structural support for compre-
hensive teacher training (Kulal et al., 2024).
Studies indicate that countries with robust

professional development initiatives show
higher levels of teacher confidence and com-
petence in inclusive education settings (Capp,
2020). Moreover, the digital divide remains a
persistent challenge, as schools with insuffi-
cient technological resources are less able to
leverage UDL strategies effectively (Basham
et al,, 2020). Research exploring the integra-
tion of emerging technologies, such as Al and

tools can revolutionize traditional pedagogies

AR, into physical education suggests that these
by offering personalized learning experiences
(Lazou & Tsinakos, 2023). Furthermore, inter-
disciplinary models that combine educational
neuroscience with Al are beginning to inform
the development of adaptive learning environ-

ments (Rosa et al., 2025). Empirical findings
also reveal that collaborative partnerships
between educational institutions and com-
tation of inclusive policies (Morrison & Gled-
die, 2019). The synthesis of policy, technology,
and teacher training research underscores the
potential for a holistic approach to bridge the
gaps in inclusive physical education (Block et

munity organizations facilitate the implemen-
al,, 2021).

Emerging interdisciplinary models now
offer promising avenues to further bridge
the gaps between teacher training, policy,
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and practice in inclusive physical education (Raza, 2024).
Integrativeapproachesthatcombineinsightsfromeducational
neuroscience, technology, and social sciences are redefining
what is possible in creating equitable learning environments
(Rosa et al., 2025). Research from multiple studies confirms
that collaboration between schools, communities, and
workplaces not only enhances learning outcomes but also
fosters sustainable inclusive practices (Morrison & Gleddie,
2019). Empirical findings indicate that teacher training
programs incorporating interdisciplinary content are more
successful in preparing educators to meet the diverse needs
of their students (Capp, 2020). Furthermore, the researchers
shows that when policies explicitly promote partnerships
across sectors, the overall quality of physical education
programs improves markedly (Kulal et al., 2024). Case
studies reveal that such collaborative frameworks facilitate
the adoption of innovative instructional strategies, including
UDL and DI, thereby enhancing student engagement and
learning efficacy (Griful-Freixenet et al., 2020). In addition,
the integration of emerging digital technologies within these
models provides teachers with powerful tools to assess and
adapt to individual student needs (Song et al., 2025). The
convergence of policy support, technological innovation,
and robust teacher training is thus essential for advancing
inclusive physical education on a global scale (Block et al.,
2021). This synthesis of research findings and best practices
offers a roadmap for future initiatives aimed at achieving
systemic change in the field (Loyd et al., 2024).

Conclusion

This systematic review underscores the transformative
potential of Universal Design for Learning (UDL) in
fostering equitable and inclusive physical education (PE)
environments for students with disabilities. By synthesizing
empirical evidence from diverse global contexts, the study
highlights that UDL-aligned strategies—grounded in flexible
engagement, representation, and action/expression—
significantly enhance motor skill development, participation
rates, and social inclusion. In OECD settings, adaptive
equipment, multimodal instruction, and collaborative
tasks drove measurable improvements, with motor skill
gains and participation increases of up to 50%. However,
persistent disparities in non-OECD regions, exacerbated
by cultural stigma, infrastructural deficits, and inconsistent
teacher training, reveal the uneven penetration of UDL
principles. Critical barriers, such as inadequate professional
development (40% of OECD educators reported insufficient
preparation) and resource scarcity, underscore the need for
systemic reforms. The integration of emerging technologies,
including Al and virtual reality, emerges as a promising
avenue to bridge accessibility gaps and personalize learning
experiences. To translate UDLs theoretical promise into
universal practice, policymakers and educators must
prioritize mandatory UDL training in teacher education
programs, equitable resource distribution, and cross-
sector collaborations. These efforts must be coupled with
institutional support to ensure pedagogical innovations
align with localized needs, thereby mitigating contextual
challenges and fostering sustainable inclusion.

While this review advances understanding of UDLs
efficacyin PE, critical gaps warrant furtherinvestigation. First,

longitudinal studies are imperative to assess the durability of
motor skill and social inclusion gains, particularly in under-
resourced and non-OECD contexts. Second, mixed-methods
research should explore the interplay between UDL and
cultural factors, such as stigma or gender norms, to develop
context-specific implementation frameworks. Third, the role
of technology—AI, gamification, and immersive tools—
in scaling UDL practices demands rigorous evaluation,
including cost-benefit analyses and ethical considerations in
low-income settings. Additionally, standardized metrics for
assessing UDL outcomes (e.g., universal participation rubrics,
motor skill benchmarks) must be developed to enhance
comparability across studies. Future work should also examine
systemic enablers, such as policy coherence and intersectoral
partnerships, to identify scalable models for institutionalizing
UDL. Finally, interdisciplinary collaborations between
educators, neuroscientists, and technologists could pioneer
adaptive learning environments that integrate UDL with
cutting-edge insights from educational neuroscience.
Addressing these priorities will not only refine UDLs
theoretical foundations but also empower global stakeholders
to dismantle barriers to inclusion, ensuring all students thrive
in dynamic, equitable PE settings.
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HaB4YaHHSA Ha iHKNI03i10 YYHIB 3 iHBanigHicTio
y ¢isnuHomy BuxoBaHHi: CuctemaTnyHum ornag
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‘LeHTp pocnmimkeHb OCBiTH Ta iHHOBAIil
*YuiBepcurer Xacana II Kacabmanku
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Pedepar. Crarrs: 14 ¢, 2 Tab1., 1 puc., 46 mxeper.

IcTopis nuTaHH:A. YHiBepcanbHuMit fusaitH HapyauHA (Y]H) npornonye TpancdopMaliliHy OCHOBY LA CIIPMAHHSA PiBHOCTI B iH-
KI03uBHOMY (isnuHomy BrxoBaHHi (PB), 3a10BOIbHAIOUN PI3HOMAHITHI HOTPeOM YUHIB 3 IHBa/IIIHICTIO Yepes THyUKe 3a/IydeHHs,
pernpeseHTaliio Ta Aii/ekcrpecito. Ilomnpu TeopeTHYHY BiANOBIIHICTD IPOAKTUBHIl IHK/II0311, B ycbOMY CBiTi 30epiraloTbcs po36ix-
HOCTI y BIIPOBaJKeHHI LIbOTO MiIXOJY, Ha AKi BIVIMBAIOTD Mi/ITOTOB/ICHICTb BUNTEB, 0OMEXEHICTb pecypciB i Ky/IbTypHIIT KOHTEKCT.

Merta pocnimxenHsa. OCHOBHOIO METOI0 IIbOTO JOCTIIKEHHs OY/I0 OLiHUTY LULIXM IOZOAHHS 3a3HAa4YeHNX KOHTEKCTyasIb-
HMX 6ap’epiB yepes BMKOPUCTAHHA CTpaTeriit, BinnosigHux go npuHummnis YIH.

Marepianu Ta MeToau. Y IIPeCTaBICHOMY CHCTEMAaTIYHOMY OIJIAZli IIPOBefieHa OIiHKa e)eKTMBHOCTI IefjaroTiYHNX CTpa-
Teriit, BignopigHMx o npuHuumiB Y/IH, 1010 posmmpeHHs y4yacTi, pO3BUTKY MOTOPUMKH, COLIialbHOI iHK/II03i] Ta 3amyyeHHs
IO 3aHATH (Pi3UYHOIO KY/IBTYPOIO YUHIB 3 IHBa/Ii/[HICTIO, SIKi HABYAIOTHCA 3a cucTeMolo ocBiTn K-12. KoMItekcHmit mouryk y Ha-
ykoMeTpuyHuX 6asax Scopus (n = 1,183) Ta Web of Science (n = 823) BusiBus 2,006 foCTifXeHb, 3 IKUX 6y/10 BifibpaHo 13 Brco-
KOSIKICHMX CTaTell IIUIAXOM PeTe/IbHOro Binbopy, olinoBanHs ynepemkeHocti (Cochrane RoB 2.0, mkama Hplokacn-OrTaBa) Ta
IIO/IBi/IHOTO HE3a/IEXKHOTO BUTyYEHHS.

Pesynbraru. 3a pesynbTaTaMu CMHTE3y 3MilllaHMX METOJiB BCTAHOBJIEHO, 1[0 iHTepBeHllii i3 3acTocyBaHHAM Y/IH sHauHO
HOKPALLV/IA PO3BUTOK PYXOBMX HaBUYOK (° = 0.67) Ta piBeHb 3aydenocti (5o 50%) B konrekcti OECP, 1110 3yMOB/IEHO BUKOPUC-
TaHHAM aJ]AIITMBHOTO OO/MaJHAHHA Ta MyIbTUMOJAIbHMX 3ac00iB HaByaHHA. CollialbHa iHK/II03iA 3pOC/Ia 3aBAKM BMKOHAHHIO
cIiibHKX 3aBfianb (30% IpUPOCTY 3a paXyHOK B3a€MOJIi 3 ONHOITKAaMN), OfHAK y KpaiHax, 1o He € wieHamu OECP, s6epermacs
IPMXOBaHAa eKCKII03iA yepes CTUrMaTy3aliito Ta iHppacTpyKkTypHi mporamiaim. [lo Kmo4oBux 6ap’epiB Ha/le>KaTh HEIIOCTiIOBHA ITifI-
roroBka Brkagadis (40% ocsitTsin kpain OECP moBifgoMumy po HeHateXXHy IpodeciiiHy miiroTOBKY) Ta Opak pecypcis, 30kpema
B IIIKOJIaX 3 HeJIOCTaTHIM (piHaHCyBaHHAM. IHTerpalis TeXHOOr il (ITy4YHWIT iHTeeKT, BipTya/bHa peanbHICTh) IPOJEMOHCTPY-
BaJIa TIOTEHIIia/l y IIepCcoHaJIi3allil HaBYaHHA Ta IIOJONIAHHI IPOTa/lINH Y JOCTYNHOCTL. OTpyMaHi JaHi MiIKPeCTIoTh HeoOXiTHICTD
IPOBEfIeHHs CUCTeMHIX peopM: 3abe3redeHHs 000B A3KOBOI MiArOTOBKY i3 3actocyBanus Y/IH y megarorivsiit ocBiti, posmopin
PecypciB BilIOBIIHO 10 MOMTITUYHMX PillleHb, a TAKOXX MDKCEKTOPa/IbHA CIIiBIIPALSA /I POSLIMPEHHS iIHK/TIO3MBHUX IIPAKTHUK.

Bucnosku. Lleit ornap migTBepayKye NOLINbHICTD BOPOBA/KEHHA JOHTITIONHMUX NOCIIKEHb 1 CTaHJapTU30BaHMX ITOKa3-
HIIKIB 3 METOK YCYHEHHsI METOZ{O/IOTIYHIX 0OMeXKeHb, HigKpectonyy poab YJH y focsrHeHHI piBHOIIPaBHOTO, CTAJIOTO Cepel-
OBHIIA /I PO3BUTKY (pi3NYHOTO BUXOBAHHA B IJIOOATLHOMY MacIITabi. Y3TOKYI0UH MefaroriyHi iHHOBaIil 3 IHCTUTYLiOHA/Ib-
HOIO HmifTpyMKolo, Y/TH crpusAe MofonaHHio KOHTEKCTYalbHUX 6ap’epiB, 3ab6esmeduyioun po3BUTOK YCiX YYHIB y AMHAMIYHMX Ta
IHK/TI03MBHUX YMOBaX.

Knro4oBi cnoBa: MOTOpMKa, pO3BUTOK, Ii/ITOTOBKA BUNTEIiB, COLjia/IbHA iIHKITIO3id.
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Abstract

Objectives. This study aimed to conduct a literature review to examine the effects of adaptive physical education on
the cognitive and physical development of children with special needs (CSN). Adaptive physical education enhances
motor skills, physical health, and cognitive function in people with physical, sensory, or intellectual disabilities.
Materials and methods. A literature review is the research approach used, which looks at several pertinent empirical
and theoretical studies conducted over the last five years, from 2019 to 2024, that provide guidance on the optimal
method of educating students. The electronic searches have been performed using Scopus, Web of Science, Google
Scholar, and PubMed. This review of the study investigates the ways in which physical education might enhance
students’ motor skills, physical fitness, and cognitive and emotional development. This study also emphasizes the
difficulties in implementing Physical Education (PE) into practice, such as inadequate facilities and unsupportive

attitudes toward the topic.

Results. The study’s findings demonstrate that adaptive physical education helps children with special needs to
improve their balance, muscular strength, motor coordination, and aerobic capacity. This program also improves
cognitive skills, including social skills, working memory, and focus. This article also offers suggestions for educators
and legislators to increase the efficacy of adaptive physical education (APE) in inclusive curriculum.

Conclusions. Adaptive physical education has been considered to be a successful strategy for promoting the cognitive
and physical development of children with special needs. It is recommended that programs are implemented
according to individual requirements in order to maximize the advantages.

Keywords: adaptive physical development, children with special needs, physical development, cognitive development,

literature review.

Introduction

Children with special needs (CSN) benefit significantly
from adaptive physical education (APE), which supports
their cognitive and physical development. Due to their
sensorimotor, neurological, or cerebral deficiencies, children
with special needs often face challenges in their physical
and cognitive activities (Sherrill, 2004). The purpose of the
APE program is to enhance a person’s physical, motor, and
cognitive capacities by offering a movement experience

© Jariono, G., Nurhidayat, N., Sudarmanto, E., Nugroho, H., &
Umar, E, 2025.

@ PETM
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that is suitable for their abilities (Hutzler & Sherrill, 2007).
In addition to increasing physical fitness, APE enhances
executive function, motor coordination, and social and
emotional abilities via a methodical, needs-based approach
(Willoughby & Hudson, 2023). The utilization of a digitally
based physical education (PE) curriculum in primary
schools is investigated in this research. Despite the fact that
74% of instructors perceive advantages, issues include a lack
of training and insufficient infrastructure. For successful
implementation and student growth, recommendations
include enhancing infrastructure, educating educators, and
guaranteeing fair access to technology (Indarto et al., 2024).

In terms of physiology, CSN’s participation in organized
exercise enhances muscular strength, cardiorespiratory
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endurance, and flexibility all of which are critical for their
everyday mobility and independence (Winnick & Porretta,
2016). According to this research, children with special needs
benefit from typical sports treatment in terms of their motor
abilities. To improve total physical fitness in children with
exceptional needs, further study should take psychological
and psychosocial elements into account (Nurhidayat et al.,
2023). APE has been shown in several studies to enhance
motor control, balance, and posture, particularly in children
with developmental abnormalities, including autism
spectrum disorder (ASD) and cerebral palsy (Westendorp et
al., 2011). Furthermore, it has been shown that an exercise
program based on modified High-Intensity Interval Training
(HIIT) may improve aerobic capacity and lower the risk of
obesity, which is common in this group (Pan et al., 2017).
The goals of exercise programs are to enhance cognitive
function, motor abilities, and physical fitness (Nugroho
et al., 2024). According to research, both cardiovascular
endurance and muscular strength are enhanced by
resistance and aerobic exercise (Fachrezzy et al., 2023).
Children with exceptional disabilities benefit significantly
from game-based activities that improve their social skills
and motor coordination (Dapp et al., 2021). Additionally,
modified High-Intensity Interval Training (HIIT) lowers the
risk of obesity and increases aerobic capacity in children
with special needs (Westendorp et al., 2011). This research
examines 15 publications on holistic education in physical
education to improve whole-child development via efficient
teaching techniques. It suggests a conceptual framework
that integrates body, mind, and spirit (Syaukani et al,,
2023). Strategic interventions are needed to promote sports
participation and health education (Syaukani et al., 2024).

APE may enhance executive functions, such as working
memory, attention, and problem-solving abilities, from a
cognitive standpoint. According to a study by Gunzenhauser
& Niickles (2021) physical exercise that requires strategy
and coordination might enhance brain plasticity and
neural connection, both of which support CSN’s cognitive
development. Participating in adaptively planned physical
activities also enhances emotional control and self-
regulation, which is crucial for children with developmental
disorders like ASD and Attention Deficit Hyperactivity
Disorder (ADHD) (Memari et al., 2013).

The absence of qualified teaching personnel, inadequate
facilities, and instructors’ ignorance of how to adapt activities
to meet the unique requirements of CSN are just a few of
the obstacles that currently hinder APE’s adoption in the
educational setting (Block & Obrusnikova, 2007). Thus, the
purpose of this evaluation of the research is to thoroughly
examine how APE affects CSN’s physical and cognitive
development and investigate implementation techniques
that might increase the program’s efficacy in the classroom.

Materials and methods

Search Profile and Database

The influence of adaptive physical education on the
cognitive and physical development of children with special
needs is examined in this research using a literature review
methodology. To have a thorough grasp, this approach is
utilized to locate, examine, and synthesize different scientific

publications. Using keywords like “adaptive physical
education,” “physical development of children with special
needs,” and “cognitive development,” literature searches
were carried out using databases like Google Scholar,
ScienceDirect, PubMed, and Web of Science. The search
process was divided into four stages (Preferred Reporting
Items for Systematic Reviews and Meta-Analyses):
identification (finding 500 related articles from various
sources), screening (removing 150 duplicates), eligibility
(120 articles meeting the criteria after evaluation of research
methodologies and results), and inclusion (only 30 articles
that passed the final selection based on the PEDro scale,
which is available for free online (https://www.pedro.org.au/
english/downloads/pedro-scale/) and has been translated
into seven languages in figure 1.

The PRISMA Statement (Preferred Reporting Items for
Systematic Reviews and Meta-Analyses) for meta-analysis,
which encompasses the phases of Identification, Screening,
Feasibility, and Inclusion (Page et al., 2021) (figure 1).

Stage 1
An electronic search using Google
Scholar, ScienceDirect, JSTOR, PubMed,
and Portal Garuda found 500 publications

IDENTIFICATION |—»f

Title and abstract
exclude 150

Stage 2
SCREENING | —»|  Abstracts and titles that have been filtered
identified 350 articles
T 250 excluded on
v the grounds
Stage 3
ELIGIBILITY | —> Read and evaluate whole articles
identified 1‘50 articles 120 issued based
on inclusi
v criteria

Stage 4

INCLUSION —> . .
relevant articles to analyse 30 articles

Fig. 1. Search procedure flow diagram

When conducting a literature review, inclusion and
exclusion criteria are established to ensure that the literature
is used for relevance in accordance with the research topic.
Table 1 shows the inclusion and exclusivity criteria applied
to research on the impact of adaptive physical education
on the physical and cognitive development of children with
special needs through a literature review. As illustrated
in the flow chart (Figure 1), a total sample of 30 articles
was obtained from a total of 500 articles that adhered to
the PRISMA guidelines (Preferred Reporting Items for
Systematic Reviews and Meta-Analysis) (Page et al., 2021).

Methodological Evaluation of Quality

According to Moseley et al. (2020) articles with a
score of 8-11 are considered high quality, a score of 4-7
is considered moderate, and a score below 4 is considered
low. The methodology was evaluated using the 11 criteria
of PEDro (Physiotherapy Evidence Database), which helps
users overcome time constraints and critical thinking
skills and facilitates the integration of research into clinical
practice.

Procedure for Data Analysis

The following steps make up the systematic data analysis
process in this literature review: First, the literature is found
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Table 1. A comprehensive assessment of adaptive physical education on the cognitive and physical development of
children with special needs inclusion and exclusion criteria

Criteria
Classification
Inclusion Exclusive

Study Type Studies that examine the effects of adapted physical Descriptive research does not examine the link
education on the cognitive and/or physical development between CSN development and adaptive physical
of children with special needs (CSN) by correlational, education.
experimental, and quasi-experimental methods.

Participants Children aged 6 to 18 who participate in adaptive physical Studies that targeted the adult population (>18
education programs have unique needs (such as autism, years old) or included individuals without special
ADHD, blindness, hearing, or disability). needs

Intervention Programs for adaptive physical education that are focused Studies that solely looked at physical therapy

on systematic physical activity, such as those that include

games, exercises, and motor training.

Variables Examined

development

Type of Publication ~ Articles published in peer-reviewed international
conference proceedings or scientific journals that are
indexed by Scopus or Web of Science.

Language Articles written in either Indonesian or English

Cognitive (executive function, attention, memory) and/
or physical (balance, coordination, strength, endurance)

without a physical education component or that
did not use adaptive physical education as the
primary intervention.

Research that excludes physical or cognitive
development and only focuses on social-
emotional or psychosocial factors

Viewpoints that are not supported by actual
research, popular novels, technical reports, or
non-peer-reviewed publications.

Articles without official translations are written in
languages other than English or Indonesian

and chosen using academic databases like Scopus, Web
of Science, and Google Scholar with keywords related to
adaptive physical education and the development of children
with special needs; Second, screening is done based on the
research method, relevance, and year of publication (last
5 years); Third, data synthesis employs qualitative meta-
synthesis to find patterns of findings; Fourth, comparative
analysis compares research results based on the type of
disability and intervention method; and finally, the results
are interpreted to highlight the theoretical and practical
implications in adaptive physical education.

Limitations of the Research

The scope of the research includes adaptive physical
education programs created for children with various types
of disabilities, such as the visually impaired, deaf, visually
impaired, and cerebral palsy, taking into account the factors
of learning methods, exercise intensity, and pedagogical
approaches. The limitations of this study are concentrated on
analyzing the impact of adaptive physical education on the
physical and cognitive development of children with special
needs through a literature review.

Results

The Number of Results Examined

The following chart displays the total number of
publications in the chosen period. The PEDro 11 scale
was used to assess the quality of the analyzed articles.
The literature review includes research on the impact of
adaptive physical education on the cognitive and physical
development of children with special needs (table 2). The
literature searches are carried out electronically through

Google Scholar, ScienceDirect, PubMed, and Web of Science
using the PRISMA method.

2500

2000
1500
1000
50
1 2 3 4 5

Frequency

S

0

= Year of publication 2020 2021 2022 2023 2024
= Number of articles 51 75 100 124 150

Fig. 2. Annual growth in the number of articles

Figure 2 shows the evolution of the number of
publications over different periods. This includes a noticeable
increase in scientific output from 2020 (51 articles), 2021
(75 articles), 2022 (100 articles), 2023 (124 articles), and
2024 (150 articles). The literature indicates that the thematic
analysis that can be applied in physical education learning is
shown in the figure above, which consists of thirty studies.
Research on strategies to improve physical education
learning improves students’ health, physical activity, active
lifestyle, and physical fitness.

Results of Exercise Significance

Regardless of gender, all 30 of the chosen and examined
publications demonstrated noteworthy findings about the
effects of adaptive physical education on the cognitive and
physical development of children with special needs.
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Table 2. PEDro scale for population and research design

PEDro scale
N. Study Total
1 2 3 4 5 6 7 8 10 11

1  (Duetal, 2024) 1 1 1 0 0 0 1 0 0 1 5
2 (Meijers et al., 2024) 1 1 0 1 0 0 0 1 0 1 1 6
3 (Miray Simer Dodur & Caliskan, 2024) 1 1 0 1 0 0 0 1 0 1 1 6
4 (Peltokorpi et al., 2024) 1 1 0 1 0 0 0 1 0 1 1 6
5 (Vargasetal, 2024) 1 1 0 1 0 0 0 1 0 1 1 6
6  (Stark et al., 2024) 1 1 0 1 0 0 0 1 0 1 1 6
7 (R.Yang et al., 2024) 1 0 0 1 0 0 0 1 0 1 1 5
8 (Then & Pohlmann-rother, 2023) 1 1 0 1 0 0 0 1 0 0 1 5
9  (Habbak & Khodeir, 2023) 1 1 0 1 0 0 0 1 0 1 0 5
10 (Labbe, Delphine et al., 2023) 1 0 0 1 0 0 0 1 0 1 1 5
11 (Haerens et al., 2023) 1 1 0 1 0 0 0 1 0 0 1 5
12 (Pushkarenko et al., 2023) 1 1 0 1 0 0 0 1 0 0 1 5
13 (Tarantino et al., 2022) 1 1 0 1 0 0 0 1 0 1 1 6
14 (Sonnenschein et al., 2022) 1 1 0 1 0 0 0 1 0 0 1 5
15 (Atkins et al., 2022) 1 1 0 1 0 0 0 1 0 1 1 6
16  (Schoop-kasteler, 2022) 1 1 0 1 0 0 0 1 0 1 1 6
17  (Oki et al., 2022) 1 1 0 1 0 0 0 1 0 1 1 6
18 (Health, 2022) 1 1 0 1 0 0 0 1 0 0 1 5
19 (Putten et al., 2022) 1 1 0 1 0 0 0 1 0 1 1 6
20 (Roorda et al., 2021) 1 1 0 1 0 0 0 1 0 1 1 6
21 (W.Yang et al., 2021) 1 1 0 1 0 0 0 1 0 1 1 6
22 (Koketal., 2021) 1 1 0 1 0 0 0 1 0 1 1 6
23 (Guo et al., 2021) 1 1 0 1 0 0 0 1 0 1 1 6
24 (Chinwendu et al., 2021) 1 0 0 1 0 0 0 1 0 1 1 5
25  (Jebril & Chen, 2021) 1 1 0 1 0 0 0 1 0 0 1 5
26 (Miller et al., 2021) 1 1 0 1 0 0 0 1 0 1 0 5
27  (Francisco et al., 2020) 1 0 0 1 0 0 0 1 0 1 1 5
28 (Dhiman et al., 2020) 1 1 0 1 0 0 0 1 0 0 1 5
29 (Sheppard & Wieman, 2020) 1 1 0 1 0 0 0 1 0 0 1 5
30 (Siegel et al., 2020) 1 1 0 1 0 0 0 1 0 1 1 6

Note: (1) Eligibility criteria; (2) Random allocation; (3) Allocation concealment; (4) Baseline comparability; (5) Blind participants; (6)
Blind assessor; (7) Blind Therapist; (9) Intention to treat analysis; (10) Between-group comparisons; and (11) Point measure variability
are available at https://pedro.org.au/wp-content/uploads/PEDro_scale.pdf

The reviewed 30 studies highlight key aspects of
adaptive physical education. The research findings from 30
articles highlight the significant impact of adaptive physical
education on the physical and cognitive development of
children with special needs. Various studies demonstrate
that physically active learning (PAL) programs and

structured motor activities enhance engagement, improve
motor skills, and foster cognitive and social development.
Several interventions, such as bodily-tactile approaches,
multisensory environments, and classroom modifications,
have been shown to facilitate better learning outcomes and
emotional resilience in children with disabilities. Moreover,
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Table 3. Features and findings of the literature review on the effects of adaptive physical education on the cognitive and
physical development of children with special needs

Author, Year

Topic

Sample

Result

(Du et al., 2024)

(Meijers et al., 2024)

(Miray Stimer Dodur &
Caligkan, 2024)

(Peltokorpi et al., 2024)

(Vargas et al., 2024)

(Stark et al., 2024)

(R. Yang et al., 2024)

(Then & Pohlmann-rother,
2023)

(Habbak & Khodeir, 2023)

(Labbe, Delphine et al.,
2023)

The impact of cognitive
reappraisal on emotion
recognition in mothers of
children with special needs.

Implementation of a Physically
Active Learning (PAL) program
in special-needs schools for
children with learning disorders.

This study examined the
relationships between parent-
to-parent support perception,
quality of life, and parent-child
relationships parents of children
with special needs.

The study explores bodily-

tactile early intervention effects
on interactional reciprocity
between sighted mothers and
one-year-old children with visual
impairment and additional
disabilities (VIAD)

The study explores how reading
frequency and medium affect
text comprehension in primary
students, including those with
and without special education
needs (SEN).

Interdisciplinary collaboration
between social-emotional
learning (SEL) and special
education research to enhance
inclusion in schools.

Sedation considerations for
people with special needs (PSN)
in dentistry.

A systematic review of research
on the transition to formal
schooling for children with
disabilities, based on ecological
systems theory and an inclusive
transition model.

Sensitivity of children with
autism to interior space elements
and their impact on skill
development through multi-
Sensory rooms.

The study explores the
experiences of individuals with
disabilities in online adaptive
leisure-time physical activity
(LTPA) and its health impacts.

Mothers of children with
special needs and mothers of
typically developing children

37 children from two
special-needs schools

235 Turkish parents of
children with special needs

Three mother-child pairs
participated in an eight-hour
video-based multiple-case
study

2,289 Spanish students
(fourth to sixth grade),
including 212 with SEN.

Conceptual discussion, no
empirical data

Review of various sedative
agents and their implications
for PSN.

55 studies using various
methods, primarily
interviews and
questionnaires, focusing on
parents, teachers, and service
providers

Children with autism in
rehabilitation centers

Semi-structured interviews
with 10 participants and a
survey of 104 individuals
engaged in online adaptive
LTPA
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Mothers of children with special
needs detect negative emotions
quickly, with bias. Cognitive
reappraisal improves surprise
recognition and reduces anger bias

PAL had a 95%+ implementation
rate, improved on-task behavior
(79%+), and 43% moderate-to-
vigorous PA. Motor skills and fitness
correlated with engagement.

Quality of life partially mediates
relationships, and enhancing parent-
to-parent support improves it,
strengthening parent—child bonds

The intervention improved
interactional reciprocity, as mothers
used more bodily-tactile modalities
and treated their children’s
movements as meaningful turns in
interaction

Leisure print reading positively
impacts comprehension, while
frequent academic digital reading
negatively affects it, regardless of
SEN status

Inclusion needs proactive efforts,
clear roles, universal benefits, and
commitment. Interdisciplinary
research helps overcome barriers and
enhance inclusive policies.

Effective sedation requires assessing
medical comorbidities, risks,
benefits, and patient cooperativeness
to determine appropriate agents and
administration routes

Findings highlight shared
perspectives on barriers and
facilitators but reveal a lack of
research on children’s views, peer
interactions, and broader social
conditions

Children with autism are most
sensitive to light, which can be
utilized in multi-sensory rooms to
enhance their skills.

Online LTPA provides physical,
emotional, and social benefits.

Key factors include staff attitude,
adaptability, and equipment access.
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Table 3 (continued)

Author, Year

Topic

Sample

Result

(Haerens et al., 2023)

(Pushkarenko et al., 2023)

(Tarantino et al., 2022)

(Sonnenschein et al., 2022)

(Atkins et al., 2022)

(Schoop-kasteler, 2022)

(Oki et al., 2022)

(Health, 2022)

(Putten et al., 2022)

(Roorda et al., 2021)

The study examines the
combination of competence-
supportive and controlling
teaching styles in PE and their
impact on students’ motivation.

This study explores physical
literacy (PL) from the
experiential perspective of
individuals with disabilities,
emphasizing its role in fostering
autonomy and belonging.

Teachers’ attitudes toward
including children with
special educational needs and
disabilities (SEND) in physical
education.

Parental views on distance
learning for students with
disabilities during COVID-19.

Nursing students’ engagement
with children with special mental
and physical disabilities.

The study examines the
sociometric status of students
with intellectual disabilities (ID)
in special needs schools and its
relationship with social skills.

Floor projection feedback
system for spatial-temporal
cognition in adolescents with
neurodevelopmental disorders
(NDs) during physical activity.

The disparity between under-5
mortality rates and the
likelihood of disability before
age five, highlighting inadequate
disability funding.
Measurement and analysis
challenges in studying young
children with significant
cognitive and motor
developmental delays.

Differences in student-teacher
relationship quality and school
engagement between boys in
regular and special education for
autism spectrum disorders (ASD).

1,107 students participated

Thirteen individuals with
disabilities participated in
two focus groups, with data
analyzed thematically.

Studies analyzed in a mixed-
methods systematic review
and meta-analysis

153 parents of PK-12
students receiving special
education services

28 undergraduate nursing
students in a community-
based respite care program

1,068 students with ID (M =
11.98 years, SD = 3.74; 31.5%
female) assessed by school
staff.

Adolescents with NDs
engaged in organized
physical activities

Global data on child
disability (377.2 per 1000 live
births) vs. under-5 mortality
(38.2 per 1000 live births) in
2019.

45 children (6 months—4
years) from Belgium and the
Netherlands.

182 boys from regular
education and 113 boys from
special education for ASD
(grades 3-6).

710

Competence support fostered
positive motivation, while external
and internal control led to negative
outcomes. The “high competence-
support, low control” profile was
most adaptive, whereas “low
competence-support, very high
control” was most maladaptive

Three themes emerged: (1) imagine
the possibilities, (2) dance like
nobody’s watching, and (3) no
wrong way to move. PL was valued
for exploration, learning, and social
interaction.

Teachers generally have favorable
attitudes, influenced by experience,
knowledge, preparation, years of
teaching, type/degree of SEND, and
support.

Limited special education, high
reliance on adults for virtual learning,
and parental difficulties balancing
support with work and childcare

Benefits: cognitive growth,
rewarding relationships, stress relief.
Challenges: emotional discomfort,
behavior management, expectations.
Faculty support and community
collaboration improve engagement

Many students were perceived as
neglected. Accepted students had
higher social skills, while rejected
students had lower social skills than
average students.

The algorithm encouraged
individuals to maintain close group
proximity rather than equal spacing
while walking, demonstrating its
effectiveness in different organized
physical activities.

Disability funding declined by 11.4%
(2007-2016), with only 2% of $79.1
billion allocated to disabilities. Urgent
policy and funding reforms are needed
to address inequalities by 2030.

Research confirmed the complexity
of disabilities, contextual challenges,
and measurement difficulties,
highlighting the need for creativity,
perseverance, and modesty in
generalizing findings

Boys with ASD reported more
conflict and lower engagement.
Conflict had a stronger negative
impact on engagement in special
education
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Table 3 (continued)

Author, Year

Topic

Sample

Result

(W. Yang et al., 2021)

(Kok et al., 2021)

(Guo et al., 2021)

(Chinwendu et al., 2021)

(Jebril & Chen, 2021)

(Miiller et al., 2021)

(Francisco et al., 2020)

(Dhiman et al., 2020)

(Sheppard & Wieman,
2020)

(Siegel et al., 2020)

The association between physical

activity (PA) and mental
health in children with special
educational needs (SEN).

Effects of explicit vs. implicit

instructions and feedback on

motor learning and perceived
competence in students with

special educational needs.

Examined early childhood
special education (ECSE)

teachers’ self-efficacy in teaching

children with and without
disabilities and its impact on
children’s print knowledge.

The study assessed blended Rational

Emotive Occupational Health

Coaching (bREOHC) effectiveness

in reducing occupational stress
among teachers of children with
special education needs.

This study examines the
architectural design of
primary-school classrooms for

intellectually disabled students,
comparing them with classrooms

for healthy students.

Classroom peer effects on

adaptive behaviors (conceptual,

social, and practical skills)
in students with intellectual
disabilities (ID).

The historical trajectory of
special education, societal

influences, and the effectiveness

of inclusion.

Mental health status and
perceived strain among
caregivers of children with

special needs during COVID-19

Alignment of special education

and mathematics education in
inclusive classrooms, focusing
on teacher expertise in posing
mathematical questions

Intellectual disability (ID/IDD)

as a psychiatric disorder and
risk factor, DSM-5 updates,

assessment, and treatment of co-
occurring psychiatric disorders

Systematic review of 18
studies (2010-2021) meeting
inclusion criteria with
quality ratings > 60%.

9-to-13-year-old students
practicing a balancing task in
physical education

73 ECSE teachers, 837
preschool children.

A total of 83 teachers from
inclusive and specialized
schools in Abia State,
Nigeria, participated in a
group-randomized waitlist
control trial

The research analyzes
design specifications and
environmental factors
affecting students with
intellectual disabilities

1125 students with ID (69%
boys, mean age 11.30 years,
SD = 3.75) in special needs

schools.

A review of historical trends,
special education laws, and
key constructs

264 caregivers completed an
online survey

Teacher educators from
mathematics and special
education

Children and adolescents
with ID/IDD

PA improves psychological well-
being, reduces anxiety and fatigue;
unstructured PA has the strongest
effects, while structured PA is most
beneficial.

Performance and competence
improved; verbal working memory
influenced learning outcomes,

but visuospatial memory did not.
Instruction should align with verbal
working memory capacity.

Teachers felt less self-efficacious with
children with disabilities, especially
autism. Higher self-efficacy predicted
better print knowledge, but disability
status did not moderate this relation

The bREOHC group showed
significantly reduced stress levels
post-intervention and at follow-up,
with high participant satisfaction

Five key architectural strategies are
proposed, focusing on furniture,
toilets, colors, materials, lighting,
ventilation, and soft music.

Classroom peer effects were found
for conceptual skills but not for
social and practical skills

Inclusion challenges stem from
unclear definitions, limited research,
and awareness. Solutions include
enhancing historical understanding,
legal knowledge, and standardized
implementation.

High depression (62.5%), anxiety
(20.5%), and stress (36.4%) among
caregivers. Increased strain and
negative views on tele-rehabilitation
worsened mental health.

Significant differences in rankings

of expertise, particularly in knowing
individual students, teaching
experience, students with disabilities,
and mathematical content knowledge,
highlighting collaboration challenges

Effective diagnosis and treatment
require modifications in techniques,
understanding behavioral etiologies,
and applying psychosocial and
medical interventions

A thorough description of every PEDro Scala item may be found at https://pedro.org.au/english/resources/pedro-scale/ Microsoft Word
- PEDro_scale.doc (accesed on December,27,2024). The highest possible score is 10

711



ISSN 1993-7989. elSSN 1993-7997. ISSN-L 1993-7989. Physical Education Theory and Methodology. Vol. 25, Num. 3

parental and teacher involvement plays a crucial role
in fostering a supportive learning environment. Studies
emphasize the importance of interdisciplinary collaboration
in inclusive education, addressing barriers to learning,
and optimizing assessment and treatment techniques for
children with special needs.

Additionally, the findings suggest that structured
physical activity benefits psychological well-being, reducing
anxiety and fatigue while improving self-efficacy and
adaptive behaviors. However, challenges persist, including
limited research on student perspectives, disparities in
funding for disability support, and the need for policy
reforms to enhance inclusive education practices. Overall,
the studies highlight the necessity of tailored educational
and therapeutic approaches to maximize the potential of
children with special needs.

Discussion

Several significant themes that highlighted the role of
physical education in fostering an active and healthy lifestyle
were found viaaliterature review using the PRISMA technique.
The findings of the literature from the 30 publications
examined highlight the following important points:

Enhancement of Motor Skills

According to the most recent research, adaptive physical
education is a program that helps children with special needs
develop their motor skills, including fine motor skills like
grasping and gross motor skills like walking and jumping. It
also helps children with special needs develop their balance,
coordination, and muscle strength.

According to Chung et al. (2008) after 12 weeks of exer-
cise, children with cerebral palsy who participated in adap-
tive physical education had improved balance and postural
stability; Ryan et al. (2017) demonstrated that water therapy
helped children with neurological disorders enhance their
balance and coordination of movements significantly; and
Goodway et al. (2019) ) reported that a specially designed
play-based program was able to improve body coordination
and reflexes in autistic children, while Pan et al. (2017) dem-
onstrated that games like gymnastics and jumping rope en-
hanced their motor skills and social interaction. Muthengi et
al. (2024) The study found that cognitive academic engage-
ment was positively related to school completion intention
and was crucial for preventing school dropouts.

Additionally, Dapp et al. (2021) emphasize that
structured physical activities, like balance and coordination
exercises, have a positive effect on motor control in children
with physical limitations. D. Lee et al. (2016) also found
that proprioceptive exercise and walking therapy can help
children with motor disabilities improve their confidence
and movement control. Adaptive physical education, with
the proper intervention, can help children with special needs
improve their body’s balance, coordination, and control,
which supports their independence in day-to-day life.

Impacts on Fitness Level

Children with special needs frequently have limited
physical activity, which contributes to low physical fitness

and an increased risk of obesity and other health issues
(Hutzler & Sherrill, 2007). As a result, programs that are
tailored to the abilities of the children can have a substantial
positive impact on their physical condition. Adaptive
physical education programs are crucial in improving the
cardiovascular endurance, muscle strength, and flexibility of
children with special needs.

Giieita-Rodriguez et al. (2021) found that water-based
therapy improved cardiovascular endurance, flexibility,
and motor coordination in children with autism spectrum.
Marzouki et al. (2022) found that an eight-week water-based
exercise program improved aerobic capacity and muscle
strength in children with autism. Activities like swimming
and resistance training in the water help increase endurance
without overloading the joints.

Additionally, Merino-Andrés et al. (2022) found that
community-based strength training improved functional
capacity and reduced fatigue in children with cerebral palsy.
Abdullah and Putri (2025) found that the SETITI breathing
exercise app for children with cerebral palsy is very
accessible, easy to use, and motivates breathing exercises. It
is advised to enhance the display choice with your favorite
cartoons. Saadawi et al. (2025) also stated that community-
based resilience training can improve the physical fitness of
children with physical limitations.

Additionally, research by Ulrich et al. (2001)
demonstrated that a 12-week treadmill-based exercise
intervention significantly improved cardiovascular
endurance and balance in children with Down syndrome,
and Babhiraei et al. (2023) showed that children with Down
syndrome who engage in adaptive aerobic exercise have
an increase in cardiovascular endurance and flexibility.
Activities like adaptive cycling, brisk walking, and specially
designed games help increase a child’s aerobic capacity
without placing undue strain on the musculoskeletal system.

All things considered, adaptive physical education helps
children with special needs become more physically active
and lowers their risk of obesity and other health issues.

Improved Cognitive Function

Structured physical activity enhances blood flow and
brain oxygenation, supporting a range of cognitive processes;
physical activity-based interventions help improve attention,
decision-making, and cognitive flexibility all of which are
critical in both everyday life and educational settings; and
adaptive physical education playsasignificantroleinimproving
the cognition of children with special needs, particularly
concentration, executive function, and problem-solving.

Regular physical activity increases neuroplasticity, the
brain’s ability to form new connections, which supports
children with attention deficit hyperactivity. Regular aerobic
exercise also helps reduce impulsivity and improve academic
focus. Ji et al. (2022) found that regular aerobic exercise
had a significant impact on executive function in children
with autism spectrum, including planning, self-control, and
cognitive flexibility. The 12-week aerobics program improves
task management skills, emotional control, and adapting to
changing environments. Christiansen et al. (2019) found
that children with ADHD increased working memory
capacity and attention when they participated in adaptive
exercise programs.
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In addition, Northey et al. (2025) found that adaptive
physical education enhances critical thinking abilities and
information processing speed, while strategy-based and
coordination exercises support analytical thinking and
decision-making efficiency. Schmidt et al. (2018) found that
complex motor exercises, including rhythmic gymnastics
and coordination games, enhance the attention and memory
capacity of children with dyslexia, while rhythmic and
coordinated activity boosts cognitive nerve development.

Furthermore, exercise that gradually raises heart rate
has a positive effect on neurotransmissions in the brain,
which supports learning and cognitive development Liu et
al. (2024) the moderate to high-intensity interval training
program also improved memory function and thinking
speed in children with special needs.

According to the study’s overall findings, adaptive
physical education improves the physical health of children
with special needs and significantly improves their cognitive
development. As a result, adaptive physical education
programs should be planned methodically and consistently
to maximize students’ focus, executive function, and
problem-solving abilities, which will ultimately improve
their quality of life.

Psychosocial Effects

Adaptive physical education programs are crucial for
improving the emotional well-being, social engagement, and
self-confidence of children with special needs. These children
frequently struggle with social interaction and experience
higher levels of anxiety than other children. Using a specially
designed approach, adaptive physical education provides an
environment where children can improve their relationships
with peers, develop social skills, and gain confidence.

K.Qietal.(2024) added thatinteraction in these activities
increases their comfort in the social environment, so their
involvement in social activities outside of physical education
sessions also increases. Lee and Vargo (2017) reported that
children with autism who participated in group-based
physical activity showed improved communication skills
and social interaction. Physical activity in small groups helps
them understand facial expressions and body language and
respond better to communication.

Additionally, children who regularly participate in adap-
tive physical education have a more positive self-perception
of their physical and social abilities. Goodwin and Watkinson
(2000) stated that participation in adaptive physical education
helps children feel welcome and increases social integration in
school. An inclusive environment creates an enjoyable learning
experience, promotes emotional well-being, and encourages
participation in social and academic activities. Elshani et al.
(2020) found that adaptive exercise helps reduce anxiety and
increase the confidence of children with intellectual limitations.

Over the last ten years, research has shown that adaptive
physical education helps children with special needs develop
their character, confidence, and more positive social
interactions in addition to their physical abilities.

The Role of Teachers and Learning Methods

Adaptive physical education ensures that all students
can participate according to their abilities, so teachers must

be competent in modifying teaching strategies to support
students’ motor, cognitive, and social development. The
success of adaptive physical education depends on an
inclusive approach, appropriate learning methods, and
teachers’ abilities to adapt materials for students with special
needs.

Research shows that special training for teachers
improves the effectiveness of adapting adaptive physical
education curriculum. Haegele and Sutherland (2015)
highlighted that teachers who are trained are better equipped
to create inclusive physical activities and customize learning
to make it more meaningful. Colquitt et al. (2017) also
discovered that instructional differentiation improves the
motivation and engagement of students with special needs.

Martin Ginis et al. (2021) found that environmental
adaptation, such as visual aids and multimodal instruction,
helped students with sensory and motor limitations be more
active in learning. Qi and Ha (2012) stated that flexible
methods that support different learning styles increase
student motivation. The Universal Design for Learning
(UDL) approach has been proven to be effective in increasing
student participation in adaptive physical education.

Anagnostopoulou et al. (2021) demonstrated that
augmented reality and sensory devices improved the
attention, motivation, and motor coordination of students
with developmental disorders. Sharon et al., (2022)
discovered that virtual reality can help students with
intellectual disabilities better understand instruction and
develop motor skills. Technology plays a significant role in
improving the effectiveness of learning.

Furthermore, community-based learning has been
shown to be successful. Saadawi et al. (2025) showed that
student confidence and independence were raised by
community engagement, such as participation in inclusion
programs or partnerships with specialist coaches.

Because adaptive physical education relies on
community participation, technology, UDL implementation,
and teacher training, policies that encourage teacher
competency development and innovative teaching strategies
are desperately required.

Conclusions

Physically structured programs enhance motor skills,
balance, coordination, and physical fitness; customized
physical activity boosts self-esteem and social engagement;
and from a cognitive perspective, adaptive physical
education enhances concentration, problem-solving, and
executive function, supporting academic achievement. The
program’s success depends on inclusive methods, teacher
skills, and a supportive environment, making it an ideal tool
for the holistic development of children with special needs,
according to a literature review.
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Bnane aganTuBHoOro ¢pisnyHoro BUXOBaHHA
Ha Pi3NUYHNIN Ta KOTHITUBHUN PO3BUTOK AliTen
3 ocobnuBumn notpebamu: Ornag nireparypu

Tarot [I>xapiono'**“P, Hypxigaat Hypxigaat'®cP,

Exo CygapmanTo'®PF, Xapic Hyroxo**“?, ®agina Ymap?sP

'YuiBepcuter Myxammayii B Cypakapri
*YuiBepcurer Cebenac Maper

ABTOpPCHKMIT BRI A — au3aitH gocnipkenHs; B — 36ip ganux; C — crataHanis; D — migrotoska pykorcy; E — 36ip kowrtis

Pedepar. Crarrs: 14 ¢, 3 Tabn., 1 puc., 75 mxeper.

Merta gocnimkenna. MeTa boro JOCIiI)KEHHA TOJIATaNa Y IPOBEJEHHI OITIANY JIiTepaTypy IIO/I0 BUBYEHHS BIIMBY ajall-
TUBHOTO (i3MYHOrO BIUXOBAHHS Ha KOTHITMBHUII Ta (isMYHMIT PO3BUTOK jiTeil 3 ocobmuumu norpebamu (JJOII). AganTrBHe
(isyyHe BUXOBaHHA CIIPUAE MOKPAIEeHHIO PYXOBUX HABUYOK, (Di3MYHOTrO 3[J0pOB’A Ta KOTHITMBHOI QYyHKIL] y 0ci6 3 disuanmMuy,
CEHCOPHMMM 200 IHTeNIeKTYaIbHUMI IIOPYIIEHHIMIL.

Marepianu ta metopu. OI7LAf TiTepaTypy € TOCTiTHULBKUM HiX0/I0M, KU 3aCTOCOBYETbCA [/IA BUBUEHHA Ki/IbKOX BifIIo-
Bi/JHVX eMIIIPUYHUX 1 TEOPETUYHNX JOCIIIKEHb, IIPOBEIEHNX 3a OCTAHHI IT'SITh POKIB, 3 2019 1o 2024 poku, sIKi HAJAIOTH PEKO-
MeH/allii 10710 BU3HAYEHH ONTMMA/IbHOIO METOJy HaBYaHH:A CTyHeHTiB. ENeKTpoHHMIT TOIIYK 3/1i/iCHIOBABCS i3 BUKOPUCTAHHAM
HayKoMeTpu4HuX 6a3 gaHux Scopus, Web of Science, Google Scholar ta PubMed. 3a3naueHnit or/siy fOCTIPKeHHS BUBYAE CIIOCO-
61, 3a OIIOMOTOIO AKUX 3aHATTSA (Pi3MYHNMM BUXOBAHHAM MOXYTb HOJIIIIINTY PYXOBI HABUYKY, (DISMYHY IiATOTOB/IEHICTb, KOTHi-
TUBHII Ta eMOLIVIHMIA PO3BUTOK Y4HIB. JJOCTiIPKEHHA TAKOXK HiJKPECTIOE TPYSHOILI LIO/I0 BIPOBAKEHHA (isnYHOrO BMXOBaHHS
(OB) y mpakTU4HY AisIbHICTD, IK-OT HEJOCTATH: MaTepia/IbHO-TeXHiYHa 6a3a Ta HeCIIPUAT/INBE CTaB/ICHHs [0 Lii€l Ipo6IeMaTUKIL.

PesynpraT. Pesynbrati fOCTiIKeHHA TeMOHCTPYIOTD, LIO afalTUBHE Bi3yHe BMXOBAaHHA CIIPMAE NOKpPAI[eHHIO PiBHOBATH,
M’s30BOi Ciu, KOOpAMHaLii pyxiB Ta aepo6HOI IPOJYKTUBHOCTI y AiiTeil 3 ocobnusymu norpebamu. Ilpeacrapiena mporpama
TAKOXX IOIIIIYE KOTHITMBHI HABMYKY, BK/IIOYAIOUN COLia/IbHi HAaBUYKM, poOOUYy maM’ATh i KOHIIeHTpallifo yBary. JJaHa cTaTTs
TaKOXX MICTUTb IPOMO3MIiI [/IsI OCBITSH 1 3aKOHOAABIIIB IJO/{0 MiABUIEHHS e()eKTUBHOCTI aJalTUBHOrO (i3MIHOrO BUXOBAHHS
(ADB) B paMKax iHKII03MBHOI HABYAIbHOI IIPOTPAMIL.

BucHoBku. AfantyBHe (isndHe BUXOBaHHS PO3IJIAETHCS SIK e(DEeKTMBHA CTpATeris, 0 CIpusie KOTHITMBHOMY Ta (isnd-
HOMY PO3BUTKY JiiTeil 3 0co6MMBUMM HOTpebaMu. 3 METOI0 MaKCHMi3allii mepeBar peKOMEHAYETbCA BIPOBAKYBAaTU IPOrpaMu
BifJOBiiHO /10 IHAMBiAYaIbHUX HOTPEO.

KnrouoBi cmoBa: ajantuBHMil GisMUHMI PO3BUTOK, JiTI 3 0COOMMBUMM ITOTpebamut, Gi3IHNUIT pO3BUTOK, KOTHITUBHMUIL PO3-
BUTOK, OLJIAJ JiTepaTypu.
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Abstract

Objectives. This study aimed to identify the challenges and opportunities in implementing mobile learning in
physical education, focusing on its impact on learning effectiveness, student engagement, and teacher readiness.
Materials and methods. In this study, a systematic review of Scopus-indexed articles (2019-2024) on mobile learning
in physical education was conducted. The study followed the PRISMA methodology, selecting 10 relevant articles
from an initial dataset of 241,924. The analysis encompassed publication trends, research focus, methodologies, and
citation rates to evaluate mobile learning’s role in physical education.

Results. The findings indicate that mobile learning presents both challenges and opportunities in physical education.
Key challenges include limited technological infrastructure, insufficient teacher training, and potential reductions in
student physical activity due to inappropriate app use. However, using mobile learning technology offers significant
benefits, such as increased accessibility, flexible learning options, gamification for motivation, and real-time
performance tracking. Effective implementation of this learning technology requires appropriate teacher training,
improved infrastructure, and careful selection of digital tools that enhance student engagement in physical activities.
Conclusions. Mobile learning has the potential to enhance physical education when integrated strategically.
Overcoming technological and pedagogical barriers can maximize its benefits, making learning more interactive and

effective.

Keywords: challenges, opportunities, mobile learning, physical education, literature review.

Introduction

With advancements in computing and multimedia,
researchers are increasingly exploring the potential of Mobile
Learning to support physical education learning (Yang et al.,
2020). Although there is evidence of the negative impact
of internet access, social media, and mobile device usage
on contemporary education (Chu, 2014), the utilization of
mobile technology continues to grow in the field of education
(Sobral, 2020). The growth of mobile devices is clearly faster
than the growth of the global population. According to the
Cisco Annual Internet Report (2018-2023) published in
March 2020, smartphones are expected to experience the
second-fastest growth by the end of 2023 (Criollo-C et al,,
2021).

With the rapid advancement of technology, the education
system must adapt and implement these innovations

© Raehang, Virama, L. O. A., & Yudhistira, D., 2025.
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effectively across all academic fields (Bustillo et al., 2017).
Therefore, the implementation of mobile learning-based
education in learning activities will create a more natural
and effective learning method for the current generation
(Dingli & Seychell, 2015).

In the context of physical education, mobile learning
offers various opportunities to enhance the quality of
learning (Kim et al., 2017). This technology allows teachers
and students to access learning materials, physical activity
guides, and instructional videos that support the practical
learning process (Zhu & Dragon, 2016). In addition, mobile
learning can enhance student motivation through the
integration of game-based applications (gamification) and
real-time tracking of physical activities (Khaddage et al.,
2016).

Previous studies have shown that the use of mobile
learning can have a positive impact on the learning process
and outcomes. For example, a study by Luong et al., (2021)
found that the use of mobile-based applications in physical
education significantly increased student participation
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in physical activities. Another study by revealed that the
integration of mobile learning in sports education provides
a more interactive learning experience and encourages
students to be more active in understanding sports concepts
(Barker et al., 2015). However, despite these benefits, several
barriers hinder teachers” use of technology, including time
constraints (Palao et al., 2015), high costs (Orlando, 2014),
teacher workload (Pyle &Esslinger, 2014), inadequate teacher
competence (Law, 2008), limitations in device practicality
and mobility (Palao et al., 2015), and teachers’ resistance to
change and technology adoption (Kretschmann, 2015).

Considering these challenges and opportunities, it is
essential to explore how mobile learning can be optimally
adapted in physical education. This study aims to identify
the challenges and opportunities in implementing mobile
learning and provide strategic recommendations to enhance
learning effectiveness in the digital era.

Materials and methods

Study Participants

This study utilizes data sources from internationally
published scientific articles registered in the Scopus database,
which is recognized for its credibility.

The analyzed data consists of articles with an H-Index
published in international journals and accessible through
the Taylor & Francis Database, with a publication period
between January 2019 and December 2024. Data collection
in this study is divided into two categories: primary data
sources and secondary data sources. Data coding in this study
is conducted using a worksheet that serves a dual role as both
an internal audit instrument and a tool for considering the
exclusion of certain studies during the synthesis stage.

The article search in the Scopus database was conducted
using two keywords: “Mobile Learning” and “Physical
Education,” with a publication timeframe from January
2019 to December 2024. The application of the Preferred
Reporting Items for Systematic Review and Meta-Analysis
(PRISMA) standards is illustrated through a flow diagram
(Figure 1) (Karo-Karo et al., 2023; Moher et al., 2016; Sari
et al,, 2024), which is applied in the stages of identification,
screening, eligibility selection, and inclusion, resulting in a
total of 10 articles analyzed from 241,924 articles.

Record identified through database
searching (Taylor & Francis)
(n=241.924)

Articles were screened based on the Articles that were inaccessible
publication period (2019-2024), »  and did not meet the inclusion
language, and article type (n=42) criteria (n=241,882)

Articles outside the
subject scope (n=20)

Full-text articles that were assessed >
for eligibility (n=22)

[ Eliglibillity ] [ Screening ] [ Identification ]

Atticles filtered through
keyword examination
(n=8)

v

The total number of articles
analyzed (n=8)

[ Included ]

Fig. 1. Flow diagram of article selection

Bibliometric analysis involves various components,
including the total number of authors, fields of study (such
as mobile learning and physical education), types of research
(such as experimental, descriptive, correlational, and others),
annual publication trends from January 2019 to December
2024, distribution of publications based on the first author’s
institution, total number of authors, and the average number
of citations per article.

Study Organization

The literature analysis covers six main aspects:
publication trends during the period from January 2019
to December 2024, the institutions of the first authors, the
composition of the number of authors, the focus of the study
on Mobile Learning and Physical Education, the research
methodologies (experimental, descriptive, correlational, and
others) applied, as well as the average citation rate per article

Statistical Analysis

The article titles, abstracts, and keywords were
condensed to form a core set of publications that can be
utilized and reviewed further. The review authors only
included open-access articles in their study to ensure that
everyone could access the research. The application of
inclusion and exclusion criteria was carried out to select
studies that specifically address one particular topic.

Results

Analysis of the 8 selected articles from a total of 241,924
articles using the PRISMA method revealed several key
findings regarding the implementation of mobile learning
in physical education. The results of this study highlight that
the implementation of mobile learning in physical education
faces various challenges while also offering significant
opportunities.

Discussion

The results of this study indicate that the implementation
of mobile learning in physical education faces various
challenges, but also offers significant opportunities for
enhancing the effectiveness of learning. The main challenges
identified include the lack of teacher training in the use of
technology, limited infrastructure, and the potential decrease
in student physical activity due to the use of inappropriate
apps. Additionally, the readiness of both teachers and
students to adopt digital technology remains a challenge
that needs attention. Resistance to technology in outdoor
education environments is also a factor that can hinder the
optimal implementation of mobile learning.

According to the study by Ng et al. (2021), one of the
biggest barriers to the implementation of mobile learning
is the lack of teacher competence in integrating technology
into teaching methods. Teachers need to understand the
Technological Pedagogical Content Knowledge (TPACK)
approach to effectively integrate technology into physical
education. In addition, research by Bonfield et al. (2020)
shows that infrastructure limitations, such as access to
devices and stable internet, pose significant challenges in
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Table 1. Summary of the Research Table

No Author and Years

Method

Main Result

1. (Ngetal,2021)

2. (Bonfield et al., 2020)

3. (Goadetal,2019)

4.  (Tannucci et al., 2023)

5. (Isgren Karlsson et al,
2023)

6. (Laughlin etal.,, 2019)

7. (Lee & Gao, 2020)

8. (Klimova, 2019)

Quantitative

Literature Review

Qualitatitve

Self-Study Research

Mixed-Methods

Qualitative

Qualitative

Quantitative

Challenges: Difficulties in technology use by teachers, limited student access to
technology, and the adaptation of digital assessment methods.

Opportunities: Mobile Learning can serve as a solution to enhance the
effectiveness of distance learning, particularly for students with special needs,
as highlighted in this study.

Challenges: Technical and infrastructure barriers, including access to devices
and stable internet. The readiness of teachers and students to adopt technology
in movement-based learning. Opportunities: Mobile learning can enhance
accessibility and flexibility in PJOK learning, especially in theoretical lessons.
Additionally, AI and digital assistants can provide personalized feedback to
students in physical exercises.

The main challenge in online physical education is ensuring that students
are genuinely participating in physical activities. This article mentions that
traditional verification methods, such as activity logs, online discussions, and
self-reports, are less accurate. Mobile learning may limit the interaction between
students and instructors, which is a crucial element in physical education.
Opportunities: Mobile learning allows students to access materials anytime
and anywhere. This aligns with the concept of blended learning used in online
physical education. Additionally, applications like Fitocracy, MyFitnessPal, and
MapMyRun support activity-based learning with features for tracking exercises,
performance analysis, and social interaction.

Teachers recognize that the use of digital technology can help overcome
assessment challenges in physical education. Digital technology allows teachers
to access various assessment methods that are more accurate and flexible.
However, teachers face obstacles such as limited technical support, time, and
resources.

In outdoor education, digital technology allows students to access prior
information, better preparing them for outdoor activities and documenting the
learning process.

However, a challenge faced is that some teachers feel digital technology
disrupts students’ experiences in natural environments. They believe that
outdoor education should focus on direct interaction with nature without the
distractions of technology.

Video technology allows teachers to provide immediate feedback, monitor
student skill development, and conduct evidence-based assessments. This
presents an opportunity for more effective implementation of mobile learning.
Challenges: Technical barriers (access to devices and applications); readiness of
teachers and students to adopt technology.

Challenges: Reduced physical engagement as some apps increase students’
sedentary time, the selection of inappropriate apps that focus only on classroom
management without making a significant contribution to physical activity, and
difficulties for teachers in aligning the use of technology with learning objectives.
This necessitates careful consideration in choosing apps that can truly enhance
physical involvement and student motivation.

Opportunities: Positive potential in using mobile technology for physical
education, where selecting the right apps—such as those based on gamification
or physical activity tracking—can enhance students’ learning experiences. This
is especially true when apps provide immediate feedback through features like
movement analysis based on video, which has the potential to improve self-
efficacy and students’ understanding of various sports movements.

Challenges: Ensuring that the use of mobile learning continues to promote
physical activity and does not inadvertently reduce students’ movement.
Opportunities: Mobile apps can be used to provide immediate feedback, monitor
physical activity, and deliver theoretical content related to sports.

the implementation of mobile learning, especially in areas  technology can enhance accessibility and flexibility in learn-

with limited resources.

ing, allowing students to access materials anytime and any-

On the other hand, mobile learning offers various op-  where. According to Goad et al. (2019), the implementation of
portunities that can support physical education learning. This ~ gamification-based mobile apps can enhance student motiva-
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tion and participation in physical activities. Apps like MyFit-
nessPal and MapMyRun have been proven to increase student
engagement in monitoring their physical activity, thus con-
tributing to the development of a healthy and active lifestyle.

The ability of mobile learning to provide evidence-based
assessments and real-time feedback is also an advantage that
can help students better understand sports movements.
The study conducted by Iannucci et al. (2023) found that
video-based technology allows students to review their
movements and receive real-time feedback, which helps in
the development of motor skills and understanding of sports
concepts. This technology can also support personalized
learning by allowing students to adjust the pace of their
learning according to their own preferences.

In addition, the use of mobile learning in the blended
learning model is increasingly growing in the field of
education. According to research by Lee and Gao (2020),
the combination of digital learning and face-to-face learning
provides greater flexibility for both students and teachers
in managing time and learning methods. With mobile
learning, students can independently study sports theory
through digital materials, while practical sessions are still
conducted directly on the field.

The implementation of mobile learning can also help
overcome time and resource limitations in physical education.
According to Klimova (2019), digital technology allows teach-
ers to automate several aspects of learning, such as assessments
and tracking student progress, enabling them to focus more
on direct interaction with students during physical activities.
Thus, mobile learning not only enhances teaching efficiency
but also helps optimize the student learning experience.

However, it is important to note that the success of
implementing mobile learning in physical education greatly
depends on the strategies employed. As revealed by Isgren
Karlsson et al. (2023), some teachers still feel that the use of
technology may disrupt students’ direct experience with the
natural environment in outdoor education. Therefore, there
needs to be a balance between the use of technology and
experiential learning to ensure that students can still reap the
full benefits of both approaches.

Thus, despite the various challenges in implementing
mobile learning, the benefits it offers demonstrate that
this technology holds great potential in enhancing the
effectiveness of physical education learning. Therefore,
appropriate strategies are needed to address existing
challenges, such as enhancing teacher training, developing
technological infrastructure, and selecting applications
that can truly support students’ physical activities. With
a well-planned approach, mobile learning can become an
innovative solution in physical education in the digital era.

Conclusions

The implementation of mobile learning in physical
education faces challenges such as infrastructure limitations,
lack of teacher competence in technology, and the potential
decrease in physical activity among students due to the use
of inappropriate applications. However, this technology
also offers significant opportunities to enhance accessibility,
flexibility, and student engagement through gamification,
physical activity tracking, and evidence-based assessment. Its
successful implementation depends on the right strategies,

including teacher training, infrastructure improvement, and
the selection of applications that support active learning.
Thus, mobile learning can become an innovative solution in
physical education in the digital era.
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By3HaueHHA BUKMKIB Ta MOXXANBoOCTEN
y BNpoBaA>XeHHi MO6GINbHOro HaBYaHHA Ha 3aHATTAX
3 pismuHOro BuxosaHHA: Ornap niteparypum

Paexan'A%“PE, JTa Oma Apnxi Bipama'ABCPE, [Tepanrra FOpxictipa?ABcPE

'KeHpapiiicbknmit lepKaBHUI iC/TaMChbKIIL iHCTUTYT

2[lep>xaBHuit yHiBepcureT Cypabast

ABTOpPCHKMIT BKIAZ: A — am3aits gocnipkeHHs; B — 36ip ganux; C — crarananis; D — migroroska pykomnucy; E — 36ip komris

Pedepar. Crarts: 6 ¢., 1 Tabn., 1 puc., 27 mxepern.

Merta pocrimkenHs. e focmipKkeHHA MaIo Ha MeTi BUSHAYUTY BUK/IVKIU Ta MOK/TMBOCTI I[O/I0 BIPOBa/KEHHA MOOIIBHOTO
HaBYaHHA y Qi3NYHOMY BUXOBAHHI, aKIIEHTYIOUM YBary Ha JIOro BIUIMBI 3 TOUKY 30py epeKTUBHOCT] HABYaHHI, 3aTy4eHOCTi CTY-

JEeHTIB Ta ITiITOTOB/IEHOCTI BUK/IalaviB.

Marepianu Ta MmeTogu. Y 1IbOMY JOCTIPKEHHI IPOBE/IEHO CUCTeMAaTUYHMIT OIJLAJ, CTaTell, iHIeKCOBAHNX HayKOMeTPUYHOIO
6azoro gaumx Scopus (2019-2024 pp.), y SAKMX PO3I/IIHYTO MUTAHHS 3aCTOCYBAHHS MOOIIBPHOTO HABYAHH Y (i3MYHOMY BIUXOBaH-
Hi. Jloc/ifpKeHHs IPOBOAVIOCH 3TifiHO 3 MeTogosoriero PRISMA, msixom Bifoopy 10 pereBaHTHUX CTaTell 3 I0YaTKOBOTO HAO0PY
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IaHVX Y KinbKocTi 241,924, AHasti3 OXOIUIIOBAB TeH/eHIIT my6iKariit, GoKyc KoCIifKeHb, METO/O/IOTII Ta YaCTOTY LMTYBAHHS 3
METOIO OLIiHIOBaHHA POJIi MOOi/TPHOrO HaBYaHHA Y (HisMYHOMY BUXOBAHHI.

Pesynbratu. OTpuMaHi faHi BKa3ylOTh Ha HasBHICTD SK BUK/IMKIB, TaK i MO>K/IMBOCTEII 1IJ0fI0 3aCTOCYBaHH: MOOIIBHOrO Ha-
BYaHHA y (pisuuHOMY BrxoBaHHI. OCHOBHI IIP06/IeMI BKIIIOYAIOTh 0OMEXXeHY TeXHO/IOTIYHY iHPPaCcTPYKTY Py, HEJOCTATHIO MiIT0-
TOBKY BUK/Ia[Ia4iB Ta MOTEHIIilIHe 3HVDKeHH (i3MIHOI aKTUBHOCTI CTY/IeHTIB Yepe3 HeHa/le)kKHe BUKOPUCTAHHs JOAaTKiB. OfHaK
BUKOPUCTAHHs TEXHOIOTII MOOI/IbHOTO HABYAHHS IIPOIIOHYE SHAYHI [lepeBary, SK-OT MifiBUIIeHa TOCTYIHICTD, THYYKI BapiaHTK
HaBYaHHSI, reiMiikallis 3 METO MOTMBALI Ta Bi/jCTeXXEHHS YCHIIIHOCTi B pealbHOMY 4Yaci. EdexTnBHe BpoBajpKeHHs 3a3Ha-
4YeHOI TeXHO/IOTil HaBYaHH:I TOTPebye BiAIIOBITHOI MATOTOBKYM BUK/Ia/ja4iB, TOKpallieHol iHpacTpyKTypu Ta peTenbHOro Bigbopy
UQPOBUX IHCTPYMEHTIB, AKi CIPUATUMYTb 3a/TyYeHHIO CTYJCHTIB JI0 3aHATH (i3MYHOI0 aKTUBHICTIO.

BucHoBku. Mob6ibHe HaBYaHHsI Ma€ MOTEHIIa/T AJIs1 HOJIIIIIEHHs HABYa/IbHOTO [IPOoLeCy 3 (PisMYHOrO BUXOBAHHS 32 YMOBU
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Abstract

Background. Teaching games for understanding (TGFU) learning is an innovative model to improve motivation,
participation, and motor skills. In the implementation, special analyses are needed to determine future opportunities.
Objectives. This study aimed to conduct a scoping review of the implementation of TGFU.

Materials and methods. This literature review used a scoping method to collect data through Google Scholar,
Pubmed, Wiley, and Scopus databases. The data inclusion criteria were original quantitative and mixed articles
discussing TGFU, research focusing on the implementation of TGFU, research written in English, and published
between 2020 and 2025. Furthermore, data screening identified 20 final articles using quantitative and qualitative

methods through Rayyan and Mendeley.

Results. According to study’s results, the highest number of published articles was 5 (25%) and 4 (20%) in 2018 and
2024, respectively. The results were categorized into four key themes, namely (1) Implementation - primarily focused
on improving game understanding and decision-making, (2) Challenges and Obstacles - difficulties in modifying
learning, curriculum adjustments, time constraints, and variations in students’ engagement, (3) Effectiveness —
increased participation, motivation, and motor skill development, and (4) Success Factors - influenced by adequate
training, students’ participation, curriculum balance, environmental support, evaluation, and the types of modified

games used.

Conclusions. The findings of this study show that continuous training for teachers and curriculum adjustments were

needed to implement TGFU effectively.

Keywords: teaching games for understanding (TGFU), physical education, scoping review.

Introduction

Physical education is important in optimizing physical,
character, and social skills. However, sports learning is
trapped in conventional methods focusing on individuals
without providing a comprehensive understanding of
important aspects such as strategy and decision-making
(Rokhayati et al., 2016; Yahya, Amry & Sufitriono, 2020).
Active participation, motivation, and interest in physical
education need to be improved by learning methods
containing games. This is achieved by using the teaching

©  Wijaya, A,, Juniariscca, D. L., Bimantoro, A. P, Putera, S. H. P,
Virama, L. O. A., & Yudhistira, D., 2025.
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games for understanding (TGFU) learning. The process
focuses on contextual understanding in games as part of
sports skills learning (Arantes et al., 2025; Lodewyk &
Robertson, 2022; Oktavianus et al., 2025). TGFU was
first proposed by Bunker & Thorpe, which provides great
potential to improve understanding of various aspects of
strategy and motivation (Barquero-Ruiz et al., 2024). This
includes cognitive skills and tactical decisions in games
(Barquero-Ruiz et al., 2024; Lodewyk, 2022).

The implementation of TGFU requires special atten-
tion, even though the method is effective. In Indonesia, some
schools are more focused on remote areas and facing prob-
lems in implementing TGFU learning. This is evident in the
shortage of qualified teacher training and the limitations of
facilities and infrastructure (Gandasari et al., 2024; Ibra-
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him et al., 2021). TGFU offers a holistic method for learning
about physical education. Therefore, some teachers do not
fully understand the integration with more effective goals.
The effect increases active participation and students’ inter-
est but there are challenges in the implementation process,
leading to the inability to obtain optimal results. Based on the
description, a scoping review should be conducted to under-
stand the context and broad scope of TGFU implementation.
This differs from a systematic review focusing on evaluating
and answering specific questions to determine the effective-
ness or effect of a particular theory (Hafidz et al., 2024). Ad-
ditionally, a scoping review aims to map broader literature
and provide an overview of a particular topic (Deehan et al.,
2024; Munn et al,, 2018). The method is very important in
identifying various research relevant to TGFU and mapping
the application in multiple contexts (Samdin et al., 2021).
This literature review used a scoping method to direct future
investigations. For example, research on the effectiveness of
TGFU has been relatively conducted, including Samdin et al.
and Gustian et al. (Gustian et al., 2024a; Samdin et al., 2021).
However, there are still some unanswered questions, such as
the effect of TGFU on the level of students’ engagement with
different educational backgrounds. Based on the result, this
research serves as a clearer guideline on the effect of external
factors, namely the availability of facilities, on the implemen-
tation of TGFU (Pratama et al., 2023; Vernanda, 2023).

A clear map is provided for future investigation focused
on implementing TGFU. The increasing number of research
provides a strong background for reforming physical educa-
tion and implementing more effective methods. Therefore,
this research aims to explore secondary data focused on the
implementation of TGFU in physical education with a scop-
ing review method. The research questions include (1) how
is the implementation of TGFU in physical education? (2)
what are the challenges and obstacles faced in the imple-
mentation of TGFU in physical education? (3) how effective
is the implementation of TGFU in increasing participation
of students? (4) what are the factors affecting the success of
TGFU implementation in the context of physical education?

Materials and methods

Research Design

The research type was a scoping review, which
investigated the concept of literature systematically to
synthesize useful results for further actions (Munn et al.,
2018). The guidelines used were the Preferred Reporting
Items for Systematic Reviewers and Meta-Analysis for
Review of Reviews (PRISMA-ScR) (Trandafirescu et al.,
2024). This method identified gaps and analyzed evidence
on the research topic (Trandafirescu et al., 2024).

Research Eligibility

Data eligibility is determined using inclusion and
exclusion criteria described as follows.s

Inclusion Criteria

o Type of research - Primary articles in the form of
quantitative and systematic reviews that discuss the

implementation of TGFU in physical education. The
databases used are Google Scholar, Scopus, Pubmed,
and Willey.

o Subject and context - Research that focuses on the
implementation of TGFU in the context of physical
education, analyses conducted at various levels
of primary and secondary education, complete
downloadable article text.

o Language - The language included in the inclusion
criteria is English.

o Year of publication: Articles published in the last 5
years from 2020-2025.

o Research focus - Research discussing the
implementation of TGFU in the context of physical
education learning.

Exclusion Criteria

o Type of research - Research irrelevant to the topic
discussing the basic theory of TGFU without
implementation, opinion articles and conferences
that do not present empirical data, and analyses
examining other topics in physical education without
connecting to TGFU.

o Subject and context - Research that does not focus
on physical education for athletes and professional
sports, analyses discussing non-education in sports,
and article text that cannot be downloaded

o Language: Articles not published in English.

o Year of publication: Articles published more than 5
years.

o Focus of research: Research that discusses theory
irrelevant to TGFU, and analyses examining the
concept without including application in physical
education.

Search Strategy

This research is presented in the following procedures

through a systematic data search strategy:

1. Observational research and document analysis in the
form of the latest relevant articles to determine the
urgency.

2. Conducting exploration of research questions to
focus the discussion.

3. Data search in the form of articles in Google Scholar,
Pubmed, Scopus, and Willey databases by applying
Boolean words, namely:

o “Teaching games for understanding” AND “Imple-
mentation” AND “physical education” Focusing on
tracing articles that discuss TGFU in the context of
implementation in physical and physical education.

o “TGFU” AND “Challenges” AND “Effect” AND
“Skills” OR “Understanding” AND “Physical
Education” Focusing on finding literature that
discusses the effect of TGFU on the skills and
understanding of students in physical education.

o “TGFU” AND “effectiveness” AND “motivation”
AND “physical education” Focusing on finding
effectiveness in motivation.

4. A total of 144, 3, 39, and 4 data are retrieved from

Google Scholar, Pubmed, Scopus, and Willey.
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Fig. 1. The research flow diagram based on PRISMA-ScR

5. The data reported were screened to find duplicate
and relevant articles. The initial screening obtained
121 data and the subsequent stage was filtered to
obtain 56 data.

6. Inthe final analysis, 20 articles were declared eligible
to be presented more clearly with PRISMA-ScR
analysis as follows:

Data Synthesis

Data filtering starts with searching for articles in Scopus,
Google Scholar, Willey, and Pubmed databases obtained
with files in RIS format. The data is uploaded to the “Rayyan”
device to filter duplicates, completeness of abstracts, and
relevance of articles. Subsequently, the filtering results

Table 2. Data description based on PRISMA-ScR analysis

are entered into Mendeley application as final data and
synthesized with a structured method to obtain a systematic
synthesis (Yudhistira et al., 2023).

Results

The synthesis of results aims to present data that
meets the criteria of this research. The initial filtering stage
identifies and removes duplicate articles (n = 121), reducing
the dataset to (n = 56). An additional (n = 65) articles are
excluded, followed by a second filtering process based on
inclusion and exclusion criteria, resulting in the removal of
(n = 35). Therefore, the final data was found (n=20) and the
summary is presented in Tables 1, 2.

Table 1. Total publications per year that meet the inclusion
criteria

Year Total Percentage
2018 5 25%
2019 2 10%
2020 3 15%
2021 2 10%
2022 1 5%
2023 3 15%
2024 4 20%
2025 0 0%
Total 20 100%

Based on the review analysis, 20 articles were reported
as the final data. The overall analysis results explained the
implementation of TGFU, the comparison of the methods,
and the quantitative method of the original research in
elementary and secondary schools (Arias-Estero et al., 2020;
Batez et al.,, 2021; Garcia-Gonzalez et al., 2020; Ginciene et
al., 2023; Waftak, Sukoco, Sugiyanto, et al., 2022; Wang &
Wang, 2018).

No Reference Participant

Method

Results

14 senior high school
students with an average
age of 15 years. The
sample size was 49.

1 (Garcia-Gonzélez et
al., 2020)

23 males and 18 females.
Total sample 41

2 (Morales-Belando et
al., 2018)
control

3  (Lodewyk & Bracco, 25 female senior high

Experimental pretest-
posttest without control

Pretest-posttest
experiment without

Survey research

The results reported that the implementation
of TGFU learning had a positive effect on
motivation of students.

The results showed that after implementing
TGFU soccer learning, students experienced an
increase in compliance and performance.

TGFU increased self-confidence, and reduced

2018) school students anxiety from conventional physical education
methods.
4  (Wang & Wang, 2018) 118 students from four Factorial experiment o TGFU and engineering groups performed

classes were divided into
TGFU and engineering
groups.

equally well.

o TGFU group spent more time in moderate to
vigorous activity than the engineering group.

«  Boys spent more time in moderate to
vigorous activity than girls.

o There was no significant difference between
high and low-skill groups.
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Table 2 (continued)

No Reference Participant Method Results

5  (Qohhar, 2018) 80 senior high school Experimental o There was a significant effect of Times Game
students nonequivalent group Tournament (TGT) model on basic football

pretest-posttest design skills.

o There was a significant effect of TGFU
learning model on basic football skills.

o There was a significant difference between
TGT and TGFU. TGT model was better for
improving basic football skills.

6  (Fani & Sukoco, 2019) 31 senior high school Development research o The small and large-scale test phases of
students for a small-scale TGFU learning method were good and very
test. 62 students for a good, respectively.
large-scale test.

7 (Calabria-Lopes, 18 beginner basketball One group pretest- o There was no correlation between product

2019) students posttest design and process performance for basketball
experiment skills.

o There were significant differences between
the pretest and posttest for the passing
process, shooting performance in the game
context, and knowledge of skills.

o There were no differences between isolated
shooting and passing skill assessments.

8  (Harvey, Gil-Arias, et 12 elementary school Pretest posttest design The research results showed an increase in

al.,, 2020) students experiment students’ abilities to evaluate game situations and
develop tactical reasoning.

9 (Arias-Estero et al., 12 elementary school Quantitative and o There was no difference between the first and

2020) students qualitative mix second tests. However, there was a significant
increase after both periods compared to the
first assessment.

o Qualitative support implemented by
the pedagogical strategies explained the
similarities between the first and second
periods.

10  (Nopembri et al., 32 senior high school Classroom action The learning process with TGFU improved

2022) students. research HOTS skills.

11  (Batez etal, 2021) 54 junior high school Quasi-experiment The short duration of TGFU learning model in
students the context of volleyball learning improved skills.

12 (Santoso et al., 2021) 46 elementary school Quasi-experiment The results found that PBL and TGFU had a
students positive effect on soccer playing skills.

13 (Waffak, Sukoco, & 165 respondents Quantitative approach The structured model could increase HOTS,

Sugiyanto, 2022) to testing content and reduce bullying, and affect students’ cognitive,
construct validity affective, and psychomotor skills, hence, the
structured model was safe and made students
more enthusiastic.

14  (Ginciene et al., 2023) 12 elementary school Action research The results showed changes in pedagogical
students practices aimed at helping players understand

and use actions to support futsal improvement.

15  (Papagiannopoulos et 6 elementary school Quantitative and The results reported that students had

al,, 2023) students qualitative positive views of TGFU learning model and
were generally satisfied with the effect on
development.

16  (Okasha & Muszali, 60 elementary school Quasi-experimental There were statistically significant differences

2023) students design between the two groups in terms of positive

behavior, understanding of rules and strategies,
and enjoyment of physical education, as
measured by the total post-test score.
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Table 2 (continued)

No Reference Participant Method Results

17 (Romadhona et al., 68 senior high school Quasi-experimental The results reported that TGFU allowed students
2024) students design to be active in extending overall learning time.

18 (Li & Chano, 2024) 60 students were o Traditional teaching « Remarkable improvements were seen in

randomly selected from
a total of 1850 students. o

11 roller skaters, and
roller hockey players
from the under 10
category from school
clubs.

19 (Pizarro et al., 2024)

20  (Gustian et al., 2024). 24 fourth-grade
elementary school

students from two classes

methods

Experimental classes
taught using TGFU
learning method.

Intra-group, quasi- .
experimental design

Pre-expressive with One
Group Pretest Posttest
design type

basketball technical level (skill level, game

performance) after TGFU learning.

Significant improvements were also reported

in physical fitness after TGFU learning.

o TGFU-based teaching mode improved
basketball tactics, including three-point
shooting, dribbling drive, and game
performance. Therefore, the mode was
beneficial to cultivating technical, tactical,
and athletic abilities.

An increase was reported in some forms of
autonomous motivation and a decrease in
controlled motivation, as hypothesized.

o The results could be explained by
considering the focus of TGFU learning

on the conceptual, cognitive, and tactical
aspects of sports as well as the Ludotechnical
Model on the provision of enjoyable
experiences.

At the time of the pretest, the motor mixture
of students was in the average and poor
categories. Therefore, improving the motor
skills was very necessary.

o The posttest showed that there was an
increase in the category of abilities since no
student was at below-average levels.

Discussion

SQ1: How is the implementation of
TGFU in physical education?

The implementation of TGFU learning starts with the use
of modified games according to the skill level of students. In
Chinese research conducted on learning basketball, the game
was modified to teach students tactical play. This allowed for
the development of a deeper understanding of rules and strat-
egies in the context of the game. The model enabled students
to be actively included in learning about in-depth aspects (Li
& Chano, 2024). Furthermore, the implementation of TGFU
in physical education with the introduction of games permit-
ted direct participation while learning about the tactical as-
pects. This provides students with the opportunity to under-
stand and master students’ skills separately (Arias-Estero et
al., 2020; Fani & Sukoco, 2019; Morales-Belando et al., 2018).

Tactical understanding through decision-making is the
core of TGFU implementation in the game. Students are al-
lowed to reflect on decisions made during the game to un-
derstand the importance in the larger context. The teaching
of basketball with TGFU learning model shows an increase in
understanding of game strategy. This leads to greater engage-
ment and more opportunities to apply skills in real situations
(Morales-Belando et al., 2018). Furthermore, students are
helped in making connections between skills and the applica-
tion in the context of the game (Morales-Belando et al., 2018).

Previous research reported active participation and
motivation of students. In this context, students who follow

basketball learning with TGFU show increased intrinsic mo-
tivation and participate more in physical activities (Gustian,
Gandasari, et al., 2024; Okasha & Muszali, 2023). In soccer
games, students learn to dribble, kick, and pass as well as ap-
ply tactical decision-making (Fani & Sukoco, 2019; Wang &
Wang, 2018). In the application of TGFU, small games and
modified teams reduce students’ waiting time, ensuring more
physical activity with the potential to increase students’ active
participation (Romadhona et al., 2024; Wang & Wang, 2018).
TGFU learning is about social and cooperation aspects.
In the implementation of basketball games, TGFU increases
cooperation between students and strengthens the under-
standing of the game (Okasha & Muszali R 2023). Therefore,
TGFU develops physical, social (Okasha & Muszali, 2023),
and motor skills of students (Gustian et al., 2024). TGFU fo-
cuses on outcomes and the decision-making process of stu-
dents through process and outcome evaluation. Evaluation
is carried out to measure changes in tactical understanding,
skills, active involvement, motivation, and satisfaction (Mo-
rales-Belando et al., 2018). Therefore, the implementation
of TGFU learning aims to improve game understanding,
decision-making, and skills through physical activity.

SQ2: What are the challenges and obstacles faced in
the implementation of TGFU in physical education?

Difficulty in implementing learning by teachers is a
fundamental problem. This model is quite complex, requiring
sufficient skills and time to manage the class differently
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from the usual conventional methods. Furthermore, some
teachers feel hesitant to apply TGFU learning to students.
In line with other research, the model has the potential to
improve students’ understanding, but there are still teachers
experiencing difficulty (Papagiannopoulos et al., 2023).
Switching to a model focused more on understanding the
game and decision-making may be complex due to the
absence of clear implementation guidelines. Therefore,
there should be a clear TGFU guideline on the application
of the model in the context of physical education to address
problems of implementation (Caldbria-Lopes et al., 2018).
Teachers cannot translate from theory to practice without a
clear guideline (Wang & Wang, 2018).

A further challenge is the suitability of the existing cur-
riculum. The previous curriculum focuses on technical teach-
ing before the game, while TGFU learning requires a method
of tactical understanding. This causes discomfort for teachers
who feel compelled to change teaching methods (Nopembri
et al., 2022; Santoso et al., 2024). Additionally, classic prob-
lems such as limited teaching time have been obstacles for a
long time. TGFU is effective but the method is limited by time
and suboptimal learning (Arias-Estero et al., 2020; Harvey,
Gil-Arias, et al., 2020). For example, this method requires
sufficient time for students to understand and apply the prin-
ciples of the game (Gustian et al., 2024; Malim, 2023).

Other obstacles include the uneven skills of students and
the varying levels of active participation during learning.
Heterogeneous groups are a challenge to maintain active
participation for students and these are characterized by
inequality in the skills of students (Ginciene et al., 2023;
Wang & Wang, 2018). TGFU model requires all students to
participate in the game, but individuals with lower skills may
feel left behind (Lodewyk & Bracco, 2018; Papagiannopoulos
et al,, 2023). The biggest challenge in implementing TGFU
is often the lack of socialization (Romadhona et al., 2024).
Therefore, teachers who are not well-trained cannot use
the full potential of the method, reducing the success of
improving the skills of students (Harvey, Gil-Arias, et al.,
2020; Romadhona et al., 2024). This leads to inconsistent
implementation, specifically when there is no clear balance
between theory and practice (Harvey, Gil-arias, et al,,
2020). The inconsistency is from the lack of a common
understanding between teachers and students (Calébria-
Lopes et al., 2018). Another consequence is the difference in
perception about the effectiveness of TGFU. Some teachers
are skeptical about the effectiveness due to a lack of in-depth
understanding of TGFU concept (Santoso et al., 2024).

TGFU offers a holistic method but faces various
challenges such as difficulties in implementing learning
modification, curriculum adjustment, time constraints, and
differences in active participation. There must be intensive
training and socialization, clear guidelines, as well as the
preparation of time, and strategies to overcome obstacles.

SQ3: How effective is the implementation of TGFU
in improving students’ motivation, participation,
and motor skills in physical education?

TGFU has a positive effect on learning motivation. In
TGFU-based classes, students show intrinsic motivation and
active participation in learning. The intrinsic motivation
category reflects personal drive in the activity (Fani &

Sukoco, 2019; Romadhona et al., 2024). This motivation can
be seen from the comfort and interest in learning (Fani &
Sukoco, 2019; Qohhar, 2018). In line with other research,
students taught with TGFU model show higher levels of
internal motivation, and there is a decrease in external
regulation (Garcia-Gonzalez et al., 2020; Li & Chano, 2024).

According to the result, motivation is related to active
participation. This is because TGFU learning model
promotes active participation and increases academic
learning time in the experimental group (Wang & Wang,
2018). In addition, TGFU structure focused on game-based
learning allows participation (Romadhona et al., 2024). In
modified games, students participate in problem-solving and
decision-making to reduce the tendency to wait passively,
which often occurs in traditional learning models (Gustian
et al., 2024; Papagiannopoulos et al., 2023).

An equally important goal of physical education is the en-
hancement of motor skills. TGFU learning media can be used
to improve the motor skills of elementary and middle school
students (Ginciene et al., 2023). These abilities can be im-
proved by integrating skills into the context of the game rather
than focusing on the methods (Morales-Belando et al., 2018).
Learning using modified games allows students to make better
decisions in the context of real games. For example, the model
improves volleyball skills in terms of passing and participating
in the game (Batez et al., 2021; Gustian et al., 2024).

Based on the description above, the implementation
of TGFU in physical education is effective in increasing
participation and motivation as well as improving motor
skills through alearning process. This model enables students
to enjoy learning, and apply skills in real-game scenarios,
significantly improving cognitive and physical development.

SQ4: What are the factors affecting the success of TGFU
implementation in the context of physical education?

The readiness and training of teachers affect the suc-
cess of TGFU learning implementation. Teachers trained to
implement learning tend to develop effective plans, manage
classes, and provide constructive feedback. The skills required
to modify games play an important role in the effectiveness of
TGFU learning model (Li & Chano, 2024; Okasha & Muszali,
2023). Furthermore, tactical understanding is the main fac-
tor influencing TGFU implementation. Teaching games with
a core understanding of strategies, concepts, and decision-
making are more effective than focusing on basic methods.
Understanding tactics can develop motor and cognitive skills
holistically (Batez et al., 2021). This is related to the active
participation of students in learning process. TGFU learn-
ing model emphasizes inclusion in learning through modi-
fied games. Students explore games to solve tactical problems
and make quick decisions in developing a sense of autonomy
(Okasha & Muszali, 2023). This can also affect the level of ac-
tive participation during learning (Gustian et al., 2024).

Based on the result, the suitability of the curriculum
objectives and school context is a problem. Schools with
a curriculum supporting game-based learning support
the implementation of games with various modifications
to implement TGFU. Subsequently, adjustments to the
needs and abilities of students are very important (Gustian
et al., 2024). The implementation of TGFU is successful
when school management supports and gives teachers the
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freedom to innovate with intense discussion and training
(Papagiannopoulos et al., 2023). The experience of teachers
who have implemented TGFU is a valuable reference to
motivate and help other teachers (Nopembri et al., 2022).

The success of TGFU should be able to modify the game
according to the learning objectives. Games modified to suit
the skill level of students and have clear tactical objectives are
more effective in developing cognitive and motor skills (Batez
et al., 2021; Gustian et al.,, 2024). In addition, the learning
model can be adjusted according to class dynamics, students’
understanding levels, and desired outcomes through con-
tinuous evaluation (Gustian et al., 2024a; Li & Chano, 2024).
The implementation of TGFU is affected by a combination
of adequate training, participation in learning, curriculum
suitability, environmental support, and evaluation, as well as
the type of modified game adjustment. These factors create
an engaging, effective learning environment to develop skills
and tactical understanding in physical education.

Conclusions

In conclusion, TGFU learning model was effective in
physical education and focused on tactical understanding
and decision-making. This learning model increased
students’ engagement, motivation, and motor skills during
active learning. However, the implementation faced
challenges such as a lack of teacher training and limited
facilities in some remote areas, as well as incompatibility
with the traditional curriculum. Furthermore, evaluation in
TGFU measured the process and participation of students
in decision-making. Based on the results, this research
recommended ongoing training for teachers and making
curriculum adjustments for the effective implementation
of TGFU. The success of the model was affected by external
factors such as school facilities and education policies.
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BukopunctaHHa pedpsieKTMBHOro AOC/iAHMLbKOIO NigxoAy Woao
BNnpoBaaXeHHA MeToANKN HaBYaJIbHUX irop ANA TpeHYyBaHHA
po3yMiHHA Y pisnyHOMy BUXxOoBaHHi: Ornag npegmMmeTHOro nons
Amnpxera Bimxaa'A5°PE, [Tgi Jloppi Dxxyniapuckka'“’E, Aupunsu Ilyrpa Bimantopo'“E,
IMnpxi Xampai Ilpatama Iytepa’ Pk, Jla Oma Aaxi Bipama®®“P, [lepanrra FOpxicripa'AP<P

Nep>xaBumit yHiBepcuret Cypabas
*Kenpapiiicbkuil fep>kaBHMI iCTTaMChKUI IHCTUTYT
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Pedepar. Crarts: 14 c., 1 Tabn., 1 puc., 40 mxeper.

Icropia nuranHa. HasuanbHi irpu ga TpenyBanHsa posyminHsa (Teaching games for understanding, TGFU) — ne iHHO-
BalliliHa MOfle/Ib HaBYaHHs, CIIPAMOBAHA Ha MOKpallleHHA MOTMBAlLil, 3a/ly4eHOCTi Jjo Ipoljecy Ta pyXoBux HaBu4ok. Ha erami
BIIPOBaJDKEHHS MOJie/li HeOOXiJHO IIPOBECTH Clielia/IbHi aHAIITUYHI JOCTIPKEHHS], 00 BU3HAYNTY IOJA/IbLII IePCIIEKTUBIL.

Merta pgocnimxenHsa. MeTa IIbOTo JOCIIPKEHHA HOJIATaa y IPOBE/IeHHI OITIAly NPEAMETHOTO MO 0[O0 BIIPOBA/IKEHH
meromuku TGFU.

Marepianu Ta MeTogu. Y 1IbOMY OILAJ TiT€paTypu 3aCTOCOBAHO METOJ IIPeIMETHOrO HOJIA /I 300y JaHUX i3 BUKOpuUC-
TaHHAM HayKOMeTpM4HuUX 6a3 gaHux Google Scholar, Pubmed, Wiley Ta Scopus. [Jo kputepiiB BKI0OUeHHA JaHMUX Oy BiiHeceHi
opuriHaibHi KinbkicHi Ta 3MimaHi crarti, B Akux posraagamuch nutania TGFU, pocnimkenHs mopo Bnposamkenus TGFU,
TOCTIiKEHHs aHITIICbKOI0 MOBOIO, onybitikoBaHi B mepioy 3 2020 mo 2025 pik. Kpim Toro, B pe3y/nbTaTi CKpUHIHTY JaHUX Oy/10
Biffibpano 20 OCTaTOYHUX CTATell i3 BUKOPUCTAHHIM KiNbKICHMX Ta SIKICHUX METOZIB 32 OTIOMOTOI0 IIPOIPaMHOTO0 3a0e3IedeHHs
Rayyan ta Mendeley.

Pesynbraru. 3rifjHO 3 pe3yabTaTaMy JOC/IiI)KEHHs BCTAaHOB/IEHO, 1110 Hal0Oi/IbIIa KiZTbKICTh 0Hy6niKOBaHI/{x CcTaTell CTAaHOBU-
a5 (25%) Ta4 (20%) y 2018 Ta 2024 pokax BinmnosigHo. Pesynpratu 6ymm knacudikosaHi 3a 40TMpMa KIIOYOBMMI TEMATUKAMI,
a came: (1) BipoBamKeHHA — IepeAyciM 30CepeKeHO YBary Ha IMOJIINIIeHHI pO3yMiHHA I'PM Ta IIPOLECY YXBaJeHHs pillleHb,
(2) Buxmky Ta epekofyu — TpyaHoui y Mopydikalil HaB4anbHOIO IpOLeCy, KOPUIyBaHHS HaBYa/IbHIUX IIPOTPaM, 4acoBi 00-
MeXXeHHs Ta Bapiallii 3anmydeHHs y4HiB, (3) EpexTnBHicTh — mifBUIIeHA 3a/Ty4€HICTb, MOTUBAL]iSA Ta PO3BUTOK PYXOBUX HABUYOK,
i (4) ®axropyu ycIixy — BU3HAYAIOTbCSA HAIEKHOIO MiATOTOBKOI0, 3aTy4EHICTIO YUHIB, 30a/1aHCOBAHICTIO HABYAJIbHUX IIPOTPaM,
CIIPUATINBICTIO 30BHIIIHBOTO CEPEIOBNUINA, OL[iHIOBAHHAM, a TAKOXX TUIIAMJ BUKOPYCTOBYBaHUX MOAV(IiKOBaHNX irop.

BucHoBKu. Pe3ynbraTit 1{bOT0 FOCTIIKEHH [I0KA3yIOTh, 1110 A/t eeKTHBHOrO BripoBapkeHHs MeTonuku TGFU Heo6xifHO
3abe3neynTy OpraHisaniro 6e3rnepepBHOro HaBYaHHs /IS BUK/IQ/IadiB Ta CKOPUTYBATH HABYA/IbHI IPOrpaMul.
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