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Abstract

Background. The development of tactical and technical skills is critical for young athletes engaged in team sports,
particularly in field hockey, where quick decision-making and strategic play are essential for success.

Objectives. This study aimed to evaluate the effectiveness of a structured tactical and technical training module on

the performance of field hockey players (U-16) in Malaysia.

Materials and methods. A quasi-experimental design was used, involving 40 participants who were randomly
assigned to either an intervention group (n = 20) or a control group (n = 20). The intervention group underwent

an eight-week tactical and technical training module, while the control group followed their regular training regimen.
Pre-test and post-test assessments were conducted to measure knowledge and performance in four key areas: ball
action/direction, opponents’ action, positioning, and action during changing situations. The data were analyzed using
Multivariate Analysis of Variance (MANOVA) to assess the impact of the intervention.

Results. The MANOVA results revealed significant improvements in the intervention group across all four variables
compared to the control group (Wilks’ Lambda = 0.327, F = 9.867, p = 0.001). Specifically, the intervention group
showed substantial gains in knowledge about ball action/direction, opponents’ action, positioning, and actions during
changing situations. These findings underscore the effectiveness of the training module in enhancing tactical and
technical competencies in young field hockey players. The study demonstrates that a structured tactical and technical
training module can significantly improve the performance of under-16 field hockey players.

Conclusions. The results indicate the potential for broader application of such modules in youth sports development
programs. It is recommended that coaches integrate similar training structures to optimize player development and

competitive performance.

Keywords: field hockey, tactical training, technical skills, youth sports, performance enhancement, Malaysia.

Introduction

Field hockey is a highly competitive and physically
demandingsport that requires players to exhibit a high level of
skill, agility, and strategic thinking (Osman et al., 2020). Over
the years, the sport has evolved significantly, with increased
emphasis on both technical and tactical competencies
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that enable players to perform optimally in high-pressure
situations (Timmerman et al., 2019). Technical skills in field
hockey refer to the fundamental abilities such as dribbling,
passing, and shooting, which are essential for executing game
strategies effectively (Kostiukevych et al., 2021; Manaf et al.,
2021; Hasnor et al., 2018). Tactical skills, on the other hand,
involve the strategic use of these techniques to outmaneuver
opponents, make quick decisions, and adapt to the dynamic
nature of the game (Lord et al., 2022).

In Malaysia, field hockey has a rich history and is
considered one of the more popular sports, with a strong
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tradition of participation at both the youth and professional
levels (Khan et al., 2023). However, despite the country’s
enthusiasm for the sport, there remains a pressing need
to improve the technical and tactical training provided to
young players, particularly those in the under-16 category.
The performance of these players is often hindered by
inadequate training modules that fail to integrate both
technical and tactical elements effectively, leading to a
gap between Malaysian players and their international
counterparts (Nathan, 2019; Tajudin et al.,, 2022).
The importance of developing a module that addresses
both tactical and technical aspects of field hockey cannot
be overstated. Such a module is crucial for the holistic
development of young players, equipping them with the
necessary skills to compete at higher levels. The integration
of technical and tactical training in a single module can
lead to significant improvements in players’ performance,
as it allows for the practical application of technical skills
within a tactical framework (Tallah, 2016). This approach
is particularly relevant for under-16 players, who are at
a critical stage of their athletic development.

Despite the recognition of its importance, there is a
noticeable gap in the literature regarding the development
and implementation of comprehensive training modules
that cater specifically to the tactical and technical needs of
young field hockey players in Malaysia. Previous studies
have often focused on either technical or tactical training in
isolation, neglecting the benefits of an integrated approach.
This research seeks to address this gap by developing
and evaluating a tactical and technical training module
designed for under-16 field hockey players in Malaysia.
The problem statement of this study revolves around the
current inadequacies in the training programs for young
field hockey players in Malaysia. Specifically, the lack of a
cohesive tactical and technical training module has resulted
in suboptimal player performance at the national and
international levels (McEwan & Crawford, 2022; Muthiaine,
2014). The research questions guiding this study are: (i) How
does the implementation of a tactical and technical training
module affect the performance of under-16 field hockey
players in Malaysia? (ii) What are the specific technical and
tactical improvements observed in players after participating
in the module? This study aim to evaluate the effectiveness
of a structured tactical and technical training module on the
performance of under-16 field hockey players in Malaysia.

The significance of this study lies in its potential to
revolutionize the training practices for young field hockey
players in Malaysia. By providing empirical evidence on the
effectiveness of an integrated tactical and technical training
module, the study could inform future coaching strategies
and contribute to the development of more competitive
field hockey players at the national level. Furthermore, this
research could serve as a benchmark for similar studies in
other countries, thereby contributing to the global body of
knowledge on field hockey training.

Materials and Method

Research Design

This study will utilize a quasi-experimental design with
a pre-test and post-test control group structure. The research

aims to compare the effectiveness of a newly developed
tactical and technical training module on the performance
of under-16 field hockey players in Malaysia. The study will
involve two groups: an intervention group that will receive
the specific training module and a control group that will
follow their regular training routine. Both groups will be
assessed on their knowledge and skills related to ball action/
direction, opponents’ action, positioning, and action during
changing situations before and after the intervention.

Sampling

Participants for this study will be selected using purposive
sampling, targeting under-16 field hockey players who are
actively involved in the sport. A total of 40 participants from
various schools and clubs across Malaysia will be recruited.
These participants will be randomly assigned to either the
intervention group (n = 20) or the control group (n = 20).
Inclusion criteria include having at least one year of active
participation in field hockey and being free from injuries
that could impede performance during the study. Random
assignment will ensure that any differences observed
between the two groups can be attributed to the intervention
rather than other variables.

Instrumentation

The primary instrument in this study will be the tactical
and technical training module developed by the researcher.
This module consists of carefully designed sessions aimed at
improving players’ understanding and execution of tactical
and technical aspects of the game, focusing on ball action/
direction, opponents’ actions, positioning, and decision-
making during changing situations. The module will be
implemented over eight weeks, with three sessions per
week, each lasting 90 minutes. The training sessions will
progressively build on each other, starting with foundational
skills and moving towards complex tactical scenarios that
mimic real-game situations.

In addition to the training module, the study will use
pre-established assessment tools to evaluate participants’
knowledge and performance in the four key areas: ball
action/direction, opponents’ action, positioning, and actions
during changing situations. These assessments will involve
both theoretical tests to evaluate players’ knowledge and
practical drills to assess their application of this knowledge
during gameplay.

Data Collection Procedures

Data will be collected at two time points: before the
intervention (pre-test) and after the completion of the
eight-week training program (post-test). During the pre-
test phase, both the intervention and control groups will
undergo assessments to establish baseline data in the four
key areas. These assessments will include both written tests
to measure theoretical knowledge and practical assessments
to evaluate on-field performance. The intervention group
will then participate in the eight-week tactical and technical
training module, while the control group will continue with
their usual training routines. During the intervention period,
the researcher will monitor and record the adherence of the
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intervention group to the module to ensure the fidelity of the
intervention. At the end of the eight weeks, both groups will
again be assessed using the same theoretical and practical
assessments employed during the pre-test phase. This will
allow for a direct comparison of pre-test and post-test scores
within and between the two groups.

Statistical Analysis

The data collected from the pre-test and post-test
assessments will be analyzed using Multivariate Analysis
of Variance (MANOVA) to determine the impact of the
tactical and technical training module on the participants’
knowledge and performance across the four key areas:

1. Knowledge about ball action/direction.

2. Knowledge about opponents’ action.

3. Positioning.

4. Action during changing situations.

MANOVA is appropriate for this study as it allows for
the analysis of multiple dependent variables simultane-
ously, thereby accounting for the potential intercorrelations
among them. This statistical method will be used to assess
whether there are significant differences in the combined
dependent variables between the intervention and control
groups, as well as between pre-test and post-test scores.
If the MANOVA reveals significant differences, follow-up
univariate ANOVAs will be conducted for each dependent
variable to pinpoint where these differences occur. The sig-
nificance level for all tests will be set at p < 0.05. Additionally,
effect sizes (partial eta squared) will be calculated to deter-
mine the magnitude of the differences observed. Data will
be analyzed using statistical software such as SPSS to ensure
the accuracy and reliability of the results. By employing this
robust analytical approach, the study will be able to provide
detailed insights into the effectiveness of the tactical and
technical training module, with implications for improving
coaching practices and player development strategies in field
hockey, particularly in the Malaysian context.

Results

Demographic Characteristics of Participants

The demographic characteristics of the participants
are summarized in Table 1. The table includes details such
as age, years of playing experience, and the number of
training hours per week. Both the intervention and control
groups were well-matched on these demographic variables,
ensuring that any differences observed in the study could be
attributed to the intervention rather than to demographic
differences.

Table 1. Demographic Characteristics of Participants (n = 40)

Intervention Control

Variable Group Group (I'll"gtzz))
(n=20) (n=20)
Mean Age (years) 154+0.6 153+0.7 15.35+0.65
Years of Experience 38+x12 3713 375+1.25
Training Hours per Week 65+10 64+11 645+1.05

Note: Values are presented as mean + standard deviation.

Explanation: Table 1 shows that the participants in both
the intervention and control groups were similar in terms of
age, years of playing experience, and the number of training
hours per week. This demographic matching helps to control
for potential confounding variables, allowing for a more
accurate assessment of the intervention’s effects.

Descriptive Statistics of Study Variables

The mean and standard deviation for each of the key
variables (knowledge about ball action/direction, knowledge
about opponents’ action, positioning, and action during
changing situations) at both pre-test and post-test stages are
presented in Table 2. These statistics provide an overview of the
central tendency and dispersion of scores within each group.

Table 2. Mean and Standard Deviation of Study Variables
(n =40)

Time Intervention  Control

Variable Point Group Group

(n=20) (n=20)
Knowledge about Ball ~ Pre-test 65.2+53 648+ 5.5
Action/Direction Post-test 78.5+4.7 66.1 +5.4
Knowledge about Pre-test 62.7+59 63.1 +5.7
Opponents’ Action Post-test 76.3+5.2 64.2+5.8
L Pre-test 60.4 6.1 60.9 £ 6.0

Positioning

Post-test 74.6 £5.9 61.2+6.1
Action during Changing Pre-test 59.8 + 6.5 59.5+6.7
Situations Post-test 73.9+5.8 60.1 + 6.4

Note: Values are presented as mean + standard deviation.

Explanation: Table 2 highlights the descriptive statistics
of the study variables. In the pre-test phase, the intervention
and control groups had similar scores across all four
variables. However, in the post-test phase, the intervention
group showed substantial improvements in all areas, while
the control group’s scores remained relatively stable.

Inferential Statistics: MANOVA Results

The MANOVA was conducted to determine whether
there were significant differences between the intervention
and control groups across the four dependent variables
(knowledge about ball action/direction, knowledge about
opponents’ action, positioning, and action during changing
situations). The results of the MANOVA, including the
multivariate tests and follow-up univariate ANOVAs, are
presented in Table 3.

Explanation: Table 3 shows that there were significant
multivariate effects of the group (Wilks’ Lambda = 0.327,
F = 9.867, p = 0.001, Partial Eta Squared = 0.673), indicat-
ing that the intervention had a significant impact on the
combined dependent variables. Follow-up univariate ANO-
VAs revealed that the intervention group showed signifi-
cantly greater improvements in all four variables (knowledge
about ball action/direction, knowledge about opponents’ ac-
tion, positioning, and action during changing situations)
compared to the control group. The effect sizes (Partial Eta
Squared) for each variable suggest a substantial impact of
the intervention. These results demonstrate that the tactical
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Table 3. MANOVA Results for the Effect of the Tactical and Technical Training Module (n = 40)

Effect Wilks’ Lambda F p-value Partial Eta Squared
Group (Intervention vs. Control) 0.327 9.867 0.001 0.673
Variable
- Knowledge about Ball Action/Direction 16.754 0.001 0.307
- Knowledge about Opponents’ Action 15.982 0.001 0.295
- Positioning 14.642 0.002 0.276
- Action during Changing Situations 13.689 0.003 0.262

and technical training module was effective in enhancing the
critical skills and knowledge areas of under-16 field hockey
players in Malaysia, highlighting the module’s potential for
broader application in similar training contexts.

Discussion

The findings of this study provide important insights
into the effectiveness of a tactical and technical training
module on the performance of under-16 field hockey play-
ers in Malaysia. The significant improvements observed in
the intervention group across all four variables—knowledge
about ball action/direction, knowledge about opponents’ ac-
tion, positioning, and action during changing situations—
underscore the potential of structured training programs
in enhancing young athletes’ tactical and technical com-
petencies. The first variable, knowledge about ball action/
direction, showed a significant increase in the intervention
group compared to the control group. This improvement
aligns with previous studies, which have demonstrated that
focused tactical training can enhance players’ understanding
and anticipation of ball movement, leading to better deci-
sion-making during games (Osman et al., 2020). The ability
to predict and react to ball direction is crucial in field hockey,
as it enables players to position themselves advantageously,
thus increasing their effectiveness on the field.

The second variable, knowledge about opponents’
action, also showed substantial gains in the intervention
group. Understanding opponents’ actions is a critical aspect
of tactical intelligence in team sports, and this study’s results
are in line with those of (Roca, Ford & Memmert, 2018)
who reported that players trained in tactical scenarios were
better at predicting and countering opponents’ strategies.
This heightened awareness allows players to anticipate and
disrupt opponents’ plays, contributing to more effective
defensive and offensive maneuvers. The improvement in
this variable suggests that the module effectively enhanced
the players’ ability to read and respond to opponents’
movements, a key skill in competitive play. Positioning,
the third variable, showed marked improvement in the
intervention group as well. Positioning is a fundamental
tactical skill that determines a player’s ability to contribute
effectively to both defense and attack. The findings of this
study are supported by (Williams & Hodges, 2005), who
emphasized the importance of positional play in sports and
noted that athletes who received structured tactical training
exhibited superior positioning and spatial awareness.
The ability to be in the right place at the right time can often
be the difference between success and failure in field hockey,
making this a critical area of development for young players.

Finally, action during changing situations—a variable
that assesses players’ adaptability and decision-making under

dynamic conditions—showed significant improvements in
the intervention group. This result aligns with the work of
(Raab, 2012), who found that athletes trained under variable
and unpredictable conditions develop better decision-
making skills and are more adaptable during gameplay.
The significant gains in this area highlight the effectiveness
of the training module in preparing players for the fluid
and fast-paced nature of field hockey, where situations can
change rapidly, requiring quick and accurate decisions.
The results of this study contribute to the growing body of
literature on the importance of tactical and technical training
in youth sports. While previous research has highlighted the
benefits of such training programs, this study specifically
adds to the understanding of their impact in the context of
Malaysian field hockey. The findings suggest that structured
training modules, like the one developed in this study,
can significantly enhance young athletes’ performance by
improving their tactical knowledge and technical execution.

Conclusion

This study demonstrated that the tactical and technical
training module significantly improved the performance of
under-16 field hockey players in Malaysia across four key
areas: knowledge about ball action/direction, knowledge
about opponents’ action, positioning, and action during
changing situations. The intervention group’s significant
improvements compared to the control group underscore
the effectiveness of the module in enhancing tactical
and technical skills critical for competitive play. These
findings align with previous research, affirming the value
of structured, scenario-based training programs in youth
sports development.

Recommendations

Based on the findings, it is recommended that field
hockey coaches and sports educators incorporate structured
tactical and technical modules into their training routines,
particularly for young players. The module developed in
this study can serve as a template for such programs, with
potential adaptations for different age groups and skill levels.
Future research should explore the long-term effects of these
training programs on player development and investigate
their applicability in other sports and cultural contexts.
Additionally, integrating psychological skills training
alongside tactical and technical training could further
enhance players’ overall performance.
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Po3rnapg BnnauBy 3acToCyBaHHA MOAYNSA 3 TAKTUKO-TEXHIYHOI NiAroTOBKN
Ha NOKa3HWKN pe3ynbTaTUBHOCTI FPaBLiB 3 XOKel0 Ha TpaBi Y BiKOBin
Kateropii U-16 y Manamsii: KBasi-ekcnepumeHTanbHuin mertop

Hoopsaniza Ocman'A®PE, Amin Ak6ap®*®<PE, Ani Mg Hapsaman'A5CP,
Hypyn Casina Panmpuin'*®<P, Papxxymap Kpimnan Bacanti*®*”®

"YuiBepcurer ocsitu imeni CynraHna Inpica
*[TajaHrcpKnit ep>KaBHUI YHiBepCHUTET
*Mixuapopnuuii yHiBepcuter IHTI

ABTOpPCHKMIT BKIAJ;: A — Au3aiis gocnipkenHs; B — 36ip ganux; C - cratananis; D — migroroska pykormucy; E — 36ip komrtis

Pedepar. Crarts: 6 ., 3 Tabn., 15 mxeper.

IcTopisa nmuTanHA. PO3BUTOK TaKTMYHUX i TeXHIYHMX HAaBMYOK MA€ BMpilllajbHe 3HAYE€HH:A IA IOHMX CIIOPTCMEHIB, fAKi 3a-
JIMaIOTbCsA KOMaHJHMMM BUJAMM CIIOPTY, 30KpeMa XOKEEM Ha TpaBi, fie IUBUIKICTb IPUIHATTA pillleHb i CTpaTeriyHa rpa € Kio-

YOBMMMU ACIIEKTAMU /1A JOCATHEHHA yCHiIHHI/IX pe3yanaTiB.
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Mera mocmigKeHHs. MeTta 1[bOr0 JOCII/PKEHHS MOJSTaja B OLiHIi e(eKTUBHOCTI 3aCTOCYBAaHHS CTPYKTYPOBAHOTO MOJY/LS
3 TAKTMKO-TEXHIYHOI IIi/IrOTOBKY Ha IOKA3HMKM Pe3y/IbTaTVBHOCTI I'PaBIIiB 3 XOKEI0 Ha TpaBi y BikoBiit kareropii U-16 y Manaiisii.

Marepianu Ta MeTomm. Y mpolieci ZOCIimKeHHsA 610 BUKOPUCTAHO KBasi-eKCIepyMeHTaIbHIUIT METO, 10 Iependadas 3a-
nydeHHs 40 y4aCHUKIB, sIKi Oy/u po3nofineHi 3a IPUHIUIIOM paHfoMi3alil 10 iHTepBeHwuiiiHol rpymu (n = 20) 860 KOHTPOIbHOL
rpynu (n = 20). YJacHUKY iHTepBEHI{ITHOI TPV IIPOXOUIIN BOCBMUTYDKHEBUIT MOIY/Ib 3 TAKTUKO-TEXHIYHO] ITiITOTOBK, B TOI
yac AK KOHTPOJIbHA I'PyTIa IPOIOBKYBaja TPeHyBaHHA 3a CTaH/lapTHOIO ITporpamorlo. [IpoBesieHo nepesi- Ta mic/iATeCTOBMIT aHAI3
3 METOI0 BU3HAUEHHsI SIKOCTI 3HaHb Ta IOKA3HUKIB Pe3y/IbTaTUBHOCTI y YOTMPHOX K/II0YOBUX chepax: Ail 3 M sTueM/CIpsIMyBaHH
M’A4a, mil CYIIePHUKIB, TO3UI[iIOHYBaHHA Ta BUKOHAHHA KOMIIJIEKCY il B yMOBaX 3MiHM irpoBMX cUTYalliil. 3a JOIIOMOT 010 6araro-
BUMIpHOTO AucIiepciitHoro anamisy (Multivariate Analysis of Variance, MANOVA) mpoananisoBaHo faHi I[0f0 OLIHKN BIUIMBY
iHTepBeHIil.

Pesynpraru. 3a pesynpraramu 6aratoBumipHOro amcrepciiinoro ananisy MANOVA BCTaHOB/IEHO 3HaYHe MOKpAIeHHS
MOKa3HNKIB B IHTepBeHILiIHil IpyIi 3a BciMa 4oTMpPMa 3MiHHMMM TIOPIBHAHO 3 KOHTPOJIbHOIK rpynoto (JIamo6ma Binkca = 0,327,
F = 9,867, p = 0,001). 30kpema, y4aCHMKM iHTepBEHIiITHOI IPYIIN IIPOJIEMOHCTPYBA/IN CYTTEBI 306yTKM B PO3yMiHHi acleKTiB
I[Of{0 BUKOHAHHS il 3 M sI4eM/CIPsAMYBaHHs M s4a, [iilf CyIepHUKIB, O3UIIIOHYBAaHH: Ta peasisalil KOMIIEKCY Aiil B yMOBax
3MiHM irpoBuX curyaniit. OTpuMaHi pesy/IbTaTi MiAKPeCIo0Th eeKTUBHICTh TPeHyBaTbHOTO MOAY/IA B KOHTEKCTI TOKPAIleHHsA
TaKTUKO-TEXHIYHMX KOMIIETEHIi}l ¥ IOHMX I'PaBLiB 3 XOKeI0 Ha TpaBi. JJOCIiI)KEHHA JEMOHCTPYE, O CTPYKTYPOBAHMII TAKTHKO-
TEeXHIYHMIT TPEHYBAJbHUI MOJY/b CIPUAE 3HAYHOMY IOJMINIIEHHIO IIOKA3HMKIB Pe3y/IbTaTMBHOCTI TPaBLiB 3 XOKEI Ha TpaBi
BiKOM 110 16 poKiB.

BucnoBku. PesynbraTy fociifykeHHsA BKa3ylOTh Ha MOTeHLia/l IIMPLIOro 3aCTOCYBaHHA 3a3HAaYeHMX MOJYIIIB y IIporpaMax
PO3BUTKY IOHALIBKOTO CIIOPTY. TpeHepaM peKOMeHYEThCs IHTerpyBaTH HOAIOH] TPeHyBaIbHI CTPYKTYpPH 3a /15 ONTUMI3allii pos-
BUTKY I'PaBLiB Ta Pe3y/IbTaTUBHOCTI 3MaraabHOI IisA/bHOCTI.

KnrodoBi cmoBa: xokeli Ha TpaBi, TAKTUYHA Mi/ITOTOBKA, TEXHIUHi HABMYKY, IOHAL[bKIII CIIOPT, MiIBUILIEHHA Pe3y/IbTaTUBHOC-
1i, Manansis.
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Abstract

Background. Motor fitness helps students develop academically and socially. The students are more engaged
in fitness activities with classmates of similar skills. Therefore, motor fitness programs should address kids™ capacity

to increase physical activity.

Objectives. The study aimed to ascertain variations in upper primary and secondary school male students
with respect to selected motor fitness components, i.e. strength (standing broad jump), speed (50-meter sprint)

and endurance (800-meter run).

Materials and methods. A total of 150 male students, aged 12 to 16, from five schools in Delhi, India, participated
in this study. The students were divided into five groups, each consisting of 30 students from both private and
government schools. The study assessed three motor fitness components: strength (measured by the standing
broad jump), speed (measured by a 50-meter sprint), and cardiovascular endurance (measured by an 800-meter
run). The one-way ANOVA was used to identify significant differences among the groups, with post hoc LSD tests
performed for pairwise comparisons. A significance level of p < 0.05 was applied to all analyses.

Results. The analysis revealed statistically significant differences among the groups in all three motor fitness
components: speed (F(4,145) = 27.07, p < 0.05), strength (F, 45y = 16.93, p < 0.05), and cardiovascular endurance
(Fy145) = 75.46, p < 0.05). Post hoc analysis using the LSD test further indicated that students in each group differed
significantly in strength, speed, and cardiovascular endurance when compared to one another.

Conclusions. The study concludes that male students in grades nine and ten demonstrate significantly higher levels
of strength, speed, and cardiovascular endurance compared to students in grades six, seven, and eight. Therefore,
motor fitness programs targeting these components should be tailored differently for upper primary and secondary

school students to address their distinct developmental needs.

Keywords: upper primary and secondary school male students, strength, speed, endurance.

Introduction

Fitness is important for general health, especially
in children. This study examines motor fitness differences
among upper elementary and secondary school boys.
Strength, speed, and endurance are examined in motor
fitness. We compare motor fitness levels of upper elementary
and secondary school boys by assessing these components.
Understanding any differences between these age groups
can help explain male pupils’ physical development and
activity patterns in school. This study will also examine if
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upper primary and secondary school boys’ motor fitness
components differ (Institute of Medicine, 2013).
Numerous health benefits, including improved
cardiorespiratory fitness, muscle and bone health, and
positive effects on mental and cognitive function, academic
performance, and psychosocial health, have been linked to
increased physical activity levels and intensities, according
to previous research (Chaput et al., 2020). Psychosocial
outcomes including self-concept, social behaviors, goal
orientation, and, most importantly, self-efficacy can be
enhanced by physically active training that is especially
tailored tothis purpose. These characteristics playasignificant
role in determining whether people engage in physical
exercise now and in the future. In other words, increased

865



ISSN 1993-7989. elSSN 1993-7997. ISSN-L 1993-7989. Physical Education Theory and Methodology. Vol. 24, Num. 6

physical activity may also lead to improved psychosocial
outcomes which in turn becomes a predictor for future
participation in physical activity. Participation in physical
activity in formative years becomes a predictor for engaging
in health-enhancing behaviours in adulthood (Institute
of Medicine, 2013). To maximize the benefits of students’
involvement in physical activity and sports programs given
by the school, it is vital to split them into groups of similar
ability. This would enable children to participate in physical
education and sports activities with classmates who possess
similar abilities, fostering a high level of enthusiasm and
engagement in the program (Hollett et al., 2022). This is
evident in classroom research which suggests social status
can impact the participation of students working in groups,
potentially effecting interactions, learning outcomes, and
social development (Hollett et al., 2022). Cohen’s (1994)
theory states that socially active kids learn better (Gillies,
2004). Kurt Lewin said that groups are dynamic and
powerful organisms that can influence individuals and
communities. The more cohesive a group, the more it can
impact individuals. Similar views of group members suggest
good group cohesiveness (Genger, 2019).

Reza et al. (2024) highlight that motor fitness is vital for
athletic success, as it integrates with techniques and tactics
to enhance performance. It plays a key role in improving
physical, mental, and psychosocial health, encompassing
agility, balance, coordination, strength, reaction time, and
speed crucial for assessing athletic capability (Mola & Bayisa,
2020).

All sports and motor skills require balance, coordination,
agility, power, speed, and reaction time, which are
interconnected with cardio, strength, endurance, flexibility,
andbody composition. Motor fitness, encompassing strength,
endurance, speed, flexibility, and coordination, is crucial
for efficient movement and physical fitness, demonstrated
in activities like running, jumping, and weightlifting
(Karmakar & Pradhan, 2018). Health-related physical fitness
(HRPF), measured by body weight, cardiorespiratory fitness,
musculoskeletal fitness, and flexibility, is linked to youth
health outcomes (Cattuzzo et al., 2016). Motor skills develop
with biological age, fitness, and body composition, with age
and appropriate weight gain enhancing motor and cognitive
functions (Bandyopadhyay & Basu, 2022). Recognizing the
importance of motor fitness, Singh (2020) emphasizes that it
should be developed during school years, noting variations
in motor ability among boys from different geographic
locations in Ghaziabad.

The motor fitness components of speed, strength, and
endurance are the focus of this study. Speed, defined as the
ability to cover distance quickly, is assessed using a 50 m
sprint. Endurance refers to the capacity to sustain high-
intensity activity over time, with an emphasis on heart
rate control during endurance sports (Haugen et al., 2019)
Strength, measured through the standing broad jump,
indicates muscular force, while endurance is evaluated
using an 800m run (Nadir & Nadir, 2022). Understanding
variations in these components enables the development of
tailored fitness programs, as exercises like calisthenics can
significantly enhance speed, agility, and strength (Fenta &
Mola, 2023). This study aims to establish whether there are
any notably differences between the different age groups in
terms of the baseline motor fitness components.

Materials and Methods

Participants

The research design of this study is descriptive, utilizing
a survey conducted in Delhi City, India, across five public
and government schools. The total population considered
was 5,000 students. Out of this, 150 male students were
selected using purposive and simple random sampling
techniques. Each group consisted of thirty (n = 30) male
students aged 12-16, representing five different grade levels:
sixth, seventh, and eighth (Upper Primary) and ninth and
tenth (Secondary).

Variables and Criterion Measures

The investigation concentrated on three critical fitness
indicators: endurance, speed, and strength. The appropriate
testing techniques and apparatus were employed to measure
these parameters.

Test Procedure

Speed was assessed by administering a 50-meter sprint,
in which participants were instructed to run as rapidly as
possible in a straight line. The test was conducted twice, with
the fastest time being recorded to the nearest 0.1 seconds
(Shang et al., 2010). The Standing Broad Jump (SBJ) is a
dependable test that is employed to evaluate the strength
and power of the lower limbs. Participants are required to
stand with their heels on a line and then leap horizontally
as far as they can without receiving specific instructions
regarding leg or arm movements. The distance of the leap
is determined by measuring the distance from the start line
to the heel closest to the start after both feet have landed
together (Thomas et al., 2020). Endurance (800 mt) the
subject’s fundamental endurance is assessed through this
examination, which is contingent upon their maximum
aerobic capacity. The test was conducted on a 400-meter track
in groups of 8 to 10 individuals at a time. Upon receiving the
start signal, the participants were obligated to complete two
circuits of running. The subjects were instructed to maintain
a consistent pace throughout the run, remaining near the
inner border of the track. In the event that a subject was
fatigued, they were permitted to slow down or even walk
for a short distance in order to recover and subsequently
recommence running (Megahed et al., 2023).

Selection of Variables

The subsequent variables were chosen for the study
in consideration of the scholar’s personal knowledge
of the field of study, administrative feasibility, and the
availability of instruments/equipment.

The subjects were put to the test using the correct testing
techniques for each of the motor fitness components that were

Table 1. List of variables, tests to be used and their units of
measurement

No Variable Test Used Unit of Measurement
1 Strength Standing Broad Jump  Centimeter
2 Speed 50 m Run Second
3 Endurance 800 m Run Minute
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chosen. The student received the assistance of other teachers
to gather data, and before the test, all of the helpers received
training on how to administer tests properly. In order to prevent
tiredness from setting in, the test time was altered. Between
tests, there was enough time for the subjects to exert themselves
to the fullest. All tests were administered to the subjects while
they were dressed in their appropriate athletic attire.

Analysis of Data

Descriptive statistics were implemented to evaluate
the data that was acquired. The designated physical fitness of
the participants is analysed using descriptive statistics, which
entails the transformation of mean, standard deviation,
frequency distribution, and graphics into meaningful
concepts using SPSS Version 26 software. One-way analysis
of variance was used. In case F-value is significant, post-hoc
test (LSD) was used. The level of significance chosen was 0.05.

Results

Table 2 reveals the descriptive analysis of Speed (50 m
Sprint) in respect of male subjects studying in classes’ six to
ten. The mean value of 5 m sprint for male subjects studying
in class six is 9.17 class seven is 9.11 class eight is 9.13 class
nine is 8.41 and class ten is 8.29. The standard deviation value
in respect of subjects studying in class six is 0.65 class seven is
class 0.35 eight is 0.42 class nine is 0.28 and class ten is 0.48.

The means and standard deviations in respect of Speed
(50 m sprint) in the case of male students studying in classes
to six and ten are graphically presented in Fig. 1.

From table 3 it is clearly seen that the F-value of 27.07 is
statistically significant at 0.05 level of confidence with 4 and
145 degrees of freedom.
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Class Six Class Seven | Class Eight | Class Nine Class Ten
m Mean 9,17 9,11 9,13 8,41 8,29
mSD 0,65 0,35 0,42 0,28 0,48

Fig. 1 Means and Standard Deviations in respect
of Speed (50 m sprint) in the case of male students studying
in classes to six and ten

Table 3. Analysis of Variance for Speed (50 m Sprint) in
respect of Male Subjects Studying in Classes Six to Ten

Dependent Variable o Mean
Squares Square
Speed Between Groups 22.43 4 5.61 27.07*
(50 m Sprint) Within Groups 30.04 145 0.1
Total 52.47 149

*Significant at 0.05 level. Fy s 4 & 145 = 2.43

In order to ascertain the superiority of different classes
i.e. classes six to ten with respect to Speed (50 m Sprint),
post-hoc test i.e. Least Significant Difference (LSD) Method
was used and analysis of data pertaining to this is presented
in the following table 4.

The table above plainly demonstrates that there is no
significant difference between male students in classes
six, seven, and eight with respect to Speed (50 m Sprint).
Similarly, there is no significant difference in the same
variable between male pupils in classes nine and ten.
However, the performance of male students studying in
classes nine and ten is significantly superior to that of male
students studying in classes six, seven and eight.

Table 5 reveals the descriptive analysis of Strength
(Standing Broad Jump) in respect of male subjects studying
in classes’ six to ten. The mean value of strength for male
subjects studying in class six is 120.20 class seven is 120.50
class eight is 120.33 class nine is 145.17 and class ten is
145.33. The standard deviation value in respect of subjects
studying in class six is 9.24 class seven is 20.85 class eight is
11.74 class nine is 20.91 and class ten is 23.52.

The means and standard deviations in respect of Strength
(Standing Broad Jump) in the case of male students studying
in classes to six and ten are graphically presented in Fig. 2.
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B Mean 120,2 120,5 120,33 145,17 145,33
mSD 9,24 20,85 11,74 20,91 23,52

Fig. 2. Means and Standard Deviations in respect of Strength
(Standing Broad Jump) in the case of male students studying
in classes to six and ten

Table 2. Descriptive Statistics for Speed (50 m Sprint) in Respect of Male Students Studying in Upper Primary

Classes i.e. six to eight and Secondary Classes i.e. nine and ten

95 % Confidence Interval for Mean

Dependent Variable n Mean Std. Deviation Std. Error
Lower Bound  Upper Bound
Speed Class Six 30 9.17 0.65 0.12 8.92 9.41
(50 msprint)  Class Seven 30 9.11 0.35 0.06 8.97 9.24
Class Eight 30 9.13 0.42 0.08 8.97 9.29
Class Nine 30 8.41 0.28 0.05 8.30 8.51
Class Ten 30 8.29 0.48 0.09 8.11 8.47
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Table 4. Post Hoc Test (Multiple Comparisons using LSD) for Speed (50 m Sprint) in the case of Male Subjects Studying

in Classes Six to Ten

95 % Confidence Interval

Dependent Variable (I) Group (J) Group Mean Difference (I-])
Lower Bound Upper Bound
Class Seven 0.06 -0.17 0.29
i Class Eight 0.03 -0.19 0.27
Class Six i
Class Nine 0.76* 0.53 0.99
Class Ten 0.87* 0.64 1.11
Class Six -0.06 -0.29 0.17
Class Eight -0.03 -0.26 0.21
Class Seven ;
Class Nine 0.70% 0.47 0.93
Class Ten 0.81% 0.58 1.05
Class Six -0.03 -0.27 -0.20
Class Seven -0.03 -0.21 0.26
Speed . Class Eight ,V
(50 m Sprint) Class Nine 0.72* 0.49 0.96
Class Ten 0.84* 0.61 1.72
Class Six -0.76* -0.99 -0.53
. Class Seven -0.70% -0.93 -0.47
Class Nine
Class Eight -0.72* -0.96 -0.49
Class Ten 0.12 -0.12 0.35
Class Six -0.87% -1.11 -0.64
Class Seven -0.81* -1.05 -0.58
Class Ten
Class Eight -0.84* -1.07 -0.61
Class Nine -0.12 -0.35 0.12

*Significant at 0.05 level

Table 5. Descriptive Statistics for Strength (Standing Broad Jump) in Respect of Male Students Studying in Upper Primary
Classes i.e. six to eight and Secondary Classes i.e. nine and ten

95 % Confidence Interval for

Dependent Variable n Mean Std. Deviation Std. Error Mean
Lower Bound Upper Bound
Class Six 30 120.20 9.24 1.69 116.75 123.65
Strength Class Seven 30 120.50 20.85 3.81 122.71 128.29
(Standing Broad Class Eight 30 120.33 11.74 2.14 115.95 124.72
Jump) Class Nine 30 145.17 20.91 3.82 137.36 152.97
Class Ten 30 145.33 23.52 4.29 136.55 154.12

Table 6. Analysis of Variance for Strength (Standing Broad Jump) in respect of Male Subjects Studying in Classes Six to Ten

Dependent Variable Sum of Squares df Mean Square F
Between Groups 22332.09 4 5583.02 16.93*
Strength (Standing Broad Jump) Within Groups 47809.80 145 329.72
Total 70141.89 149

*Significant at 0.05 level. Fy s 4 g 145) = 2.43

It is evident from table 5 that the F-value of 16.93 is
statistically significant at the 0.05 level of confidence, with
4 and 145 degrees of freedom. The following table presents
the analysis of data pertinent to the post-hoc test, which
was conducted using the Least Significant Difference (LSD)
Method, to determine the superiority of various classes,
specifically classes six to ten, in terms of Strength (Standing
Broad Jump).

Table 7 clearly shows that with respect to Strength
(Standing Broad Jump) the difference among classes six,
seven and eight as well as between classes nine and ten is

statistically not significant whereas performance in the same
variable of male subjects studying in classes nine and ten
is statistically superior to that of male students studying
in classes six, seven and eight at 0.05 level of confidence.
Table 8 reveals the descriptive analysis of Endurance
(800 m Run) in respect of male subjects studying in classes’ six
to ten. The mean value of endurance for male subjects study-
ingin class six is 4.89 class seven is 4.87 class eight is 4.86 class
nine is 3.84 and class ten is 3.85. The standard deviation value
in respect of subjects studying in class six is 0.40 class seven is
class 0.37 eight is 0.39 class nine is 0.30 and class ten is 0.31.
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Table 7. Post Hoc Test (Multiple Comparisons using LSD) in the case of Strength (Standing Broad Jump) with respect to

class six, class seven, class eight, class nine and class ten

Dependent Variable (I) Group (J) Group

Mean Difference 95 % Confidence Interval

(I-]) Lower Bound Upper Bound
Class Seven -0.30 -0.42 0.42
. Class Eight -0.13 -9.57 8.97
Class Six k
Class Nine -24.97% -9.40 9.13
Class Ten -25.13* -34.23 -15.70
Class Six 0.300 -34.40 -15.87
Class Eight 0.167 -8.97 9.57
Class Seven .
Class Nine -24.67*% -9.10 9.43
Class Ten -24.83* -33.93 -15.40
Class Six 0.13 -34.10 -15.57
Strengt.h ) Class Seven -0.17 -9.13 9.40
(Standing Broad Class Eight ) .
Jump) Class Nine -24.83 -9.43 9.10
Class Ten -25.00* -34.10 -15.57
Class Six 24.97* -34.27 -15.73
. Class Seven 24.67* 15.70 34.23
Class Nine
Class Eight 24.83* 15.40 33.93
Class Ten -0.17 15.57 34.10
Class Six 25.13* -9.43 9.10
Class Seven 24.83* 15.40 33.93
Class Ten
Class Eight 25.00* 15.57 34.10
Class Nine 0.167 -9.43 9.10

*Significant at 0.05 level

Table 8. Descriptive Statistics for Endurance (800m Run) in Respect of Male Students Studying in Upper Primary Classes

i.e. six to eight and Secondary Classes i.e. nine and ten

95 % Confidence Interval for Mean

Dependent Variable n Mean Std. Deviation Std. Error
Lower Bound Upper Bound
Class Six 30 4.89 0.40 0.07 4.74 5.03
Class Seven 30 4.87 0.37 0.07 4.73 5.00
Endurance  Class Eight 30 4.86 0.39 0.07 4.72 5.00
Class Nine 30 3.84 0.30 0.05 3.73 3.95
Class Ten 30 3.85 0.31 0.06 3.74 3.97
The means and standard deviations in respect of .
Endurance (800 m Run) in the case of male students studying
in classes to six and ten are graphically presented in Fig. 3. 5
The analysis of data in the above table clearly shows that F
the F value of 75.46 is statistically significant at 0.05 level of H
confidence with 4 and 145 degrees of freedom. In order to I
ascertain the superiority of different classes i.e. classes six to ten :
with respect to Endurance (800 m Run), post-hoc test i.e. Least A
Significant Difference (LSD) Method was used and analysis of 1
data pertaining to this is presented in the following table.
Table 10 clearly shows that with respect to Endurance O I ClassSix | Class Seven | Class Eight | Class Nine | Class Ten
(800m Run) the difference among classes six, seven and mMean| 4,89 4,87 4,86 3,84 3,85
eight as well as between classes nine and ten is statistically = SD 0,4 0,37 0,39 03 0,31

not significant whereas performance in the same variable of
male subjects studying in classes nine and ten is statistically
superior to that of male students studying in classes six,
seven and eight at 0.05 level of confidence.

Fig 3. Means and Standard Deviations in respect of
Endurance (800 m Run) in the case of male students studying
in classes to six and ten
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Table 9. Analysis of Variance for Endurance (800 m Run) in respect of Male Subjects Studying in Classes Six to Ten

Dependent Variable Sum of Squares df Mean Square F
Between Groups 37.83 4 9.46 75.46%
Endurance (800 m Run) Within Groups 18.18 145 0.13
Total 56.01 149

*Significant at 0.05 level. Fy s 4 g 145 = 2.43

Table 10. Post Hoc Test (Multiple Comparisons using LSD) in the case of Endurance (800 m Run) with respect to males

studying in classes six to ten

Mean Difference 95 % Confidence Interval

Dependent Variable I) Grou Grou
o M . 0 P (I-]) Lower Bound Upper Bound
Class Seven 0.02 -.1643 .1970
. Class Eight 0.03 -.1553 .2060
Class Six k
Class Nine 1.05% .8657 1.2270
Class Ten 1.03* .8507 1.2120
Class Six -0.02 -.1970 .1643
Class Eight 0.01 -1717 1897
Class Seven :
Class Nine 1.03% .8493 1.2107
Class Ten 1.02* .8343 1.1957
Class Six -0.03 -.2060 .1553
. Class Seven -0.01 -.1897 1717
Endurance Class Eight .
Class Nine 1.02% .8403 1.2017
Class Ten 1.01* .8253 1.1867
Class Six -1.05* -1.2270 -.8657
. Class Seven -1.03* -1.2107 -.8493
Class Nine ]
Class Eight -1.02* -1.2017 -.8403
Class Ten -0.02 -.1957 1657
Class Six -1.03* -1.2120 -.8507
Class Seven -1.02* -1.1957 -.8343
Class Ten .
Class Eight -1.01%* -1.1867 -.8253
Class Nine 0.02 -.1657 1957
Significant at 0.05 level
Discussion According to research, age and sex-related variations

Inthe present study motor fitness components of students
of upper primary and secondary students (class 6-10) in Delhi
have been evaluated and compared with each other. Motor
fitness refers to a person’s physical activity abilities (Vanhees
et al., 2005). Skill-related fitness and health-related fitness
measure a person’s physical ability to do physical activity
tasks. Motor fitness includes physical fitness and basic
movement efficiency (Gula 2024). From nine to eighteen,
adolescence occurs. This stage of human development is
crucial for optimum health. Teens grow rapidly physically,
cognitively, and psychosocially. Most of the subjects were
early adolescents (10-13 years) while a few were middle
adolescents (14-17 years). Neurological development and
movement control progress cephalocaudally and proximo-
distally. Due to these changes in body dimensions, motor
skills develop predictably. Also, neurological development
impacts skill progression. Physically active and idle kids go
through the same stages. Physical activity for young children
is necessary for skill development, not stage progression
(Mola &Shaw, 2024; Backes & Bonnie 2019).

in health- and performance-related fitness are significantly
linked to tissue and system development during childhood
and adolescence. Genetic factors limit capacity, but
environmental and behavioural influences, particularly
physical activity, affect how much capacity an individual
achieves (Brown et al., 2017). Growth is modest during
puberty (10-12 years), but a strength spurt occurs in
teenagers and continues after boys are biologically adults.
Later in puberty, height and weight develop most, improving
motor performance. Growing children have far greater
cardiorespiratory endurance. Adolescent males progress till
17-18 (Mintjens, S. et al, 2018). This explains why upper
primary and secondary pupils may have different endurance
levels. Strength growth curves mirror body weight and
skeletal muscle mass growth curves because muscle strength
is related to muscle cross-sectional area. Child strength rises
linearly, so as they approach adolescence, so does strength.
Speed is a performance-related fitness factor that changes
predictably with tissue and system development. Running
speed and muscle power depend on neuromuscular system
development (Institute of Medicine. 2013). According to
research, bodily strength, speed, and endurance increase
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predictably during development. It also implies that training
can considerably improve these qualities. The current study
shows that sports and physical fitness programs should be
age-specific and take into account children’s physiological
changes and ability levels (Hughes et al, 2018). Research
reveals that environment and socio-cultural factors affect
motor competence, or the ability to perform motor skill-
related tasks. Motor skills predict future physical activity.
If akid thinks they can play a sport or run, they’re more likely
to do so than if they think they can't (Derikx et al, 2021).

Conclusions

Based on the findings of the present study, it can be con-
cluded that there is a significant performance gap between
male pupils in grades 9 and 10 compared to those in grades
6,7, and 8. The analysis across key physical parameters speed
(50-meter sprint), strength (standing broad jump), and en-
durance (800-meter run) revealed that while there are no sub-
stantial differences between upper primary (grades 6, 7, and 8)
and secondary (grades 9 and 10) pupils in these categories,
the overall performance of male students in grades 9 and 10 is
notably superior. This suggests that age, physical development,
and possibly training practices contribute to the observed dif-
ferences in physical abilities between these grade levels.
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Bu3HauyeHHA BigMiIHHOCTE Y KOMNOHEHTaX PyXOBOI NiAroToBNeHOCTi
cepep YYHiB YONOBIYOI CTaTi CTapLUOi Ta cepeAHbOI LUKONN

Mxynenpep Cinrx bxari'APE, Capirta T ari'ABPE, Kynmxkir Kayp'ABCPE

!Neniitcbknit yHiBEpCUTET
ABTOpPCHKMIT BKTAJ: A — nm3aits gocnimpkenHs; B — 36ip ganux; C - crarananis; D - migroroska pykormucy; E — 36ip komrris

Pedepar. Crartst: 8 c., 10 Tabn., 3 puc., 25 mxeper.

Icropis nuranHsa. PyxoBa HiTOTOBIEHICTD CIIPUSE aKaeMiYHOMY Ta COL[ia/IbHOMY PO3BUTKY IIKO/ISPIB. YuHi Gimbur 3a-
JTydeHi 0 3aHATb (i3UYHOIO MiIrOTOBKOIO 3 OJJHOK/IACHUKAM, AKi BOJIOAII0Th CXOXKMMM HaBMYKaMy. TaKyMM YMHOM, IpOrpamMu
3 PyXOBOi MiIFOTOB/IEHOCT] MAIOTh BPaXOBYBAaTM 3[aTHICTD AiTell 10 30iNbIeHH: PiBHA Qi3N4HOI aKTMBHOCTI.

Merta gocnimKenHs. [loC/ipKeHHs MajIo Ha MeTi 3’sICyBaTy BIIMIHHOCTI B y4HIB 40/I0BI4OI CTaTi CTApIIOl Ta CEPEAHBOI LIKO-
JIV IIOZI0 OKPEMMX KOMIIOHEHTIB PYXOBOI IiITOTOB/IEHOCTI, a CaMe ITOKa3HMKiB CHIN (CTpI/I60K Y IOBXMIHY 3 MiCIs), IBUAKOCTI
(cmpuHTepChKMit 6ir Ha 50 MeTpiB) Ta BuTpuBanocti (6ir Ha 800 meTpiB).

Marepianu Ta MeTogu. Y [OCIiIKeHH] B35/ y4acTb 150 y4HiB 40710Bido0i cTaTi BikoM Bif 12 10 16 pokiB 3 I'sITH IKIN MicTa
Hemi, [npis. Yaui 6y1u pospineHi Ha I ATb IPYII, KOKHA 3 IKMX CK/Iafianacs 3 30 y4HiB 5K 3 IPMBATHMX, TaK i 3 ep)KaBHUX IIKI/L Y 10-
CTTifIKeHH] OLIiHIOBA/INCSA TPU KOMIIOHEHTH PYXOBOI MiITOTOBICHOCTI: CyIa (BUMIPIOETHCS IIULIXOM BUKOHAHHSA CTPUOKA Y JOBKUHY
3 MiCII), IBUAKICTD (BUMIPIOETBCA 3a TOIMOMOTOIO CIIPMHTEPCHKOTO 6iry Ha 50 MeTpiB) i BUTPUBAJICTD CepIieBO-CYAMHHOI CUCTEMM
(BuMiproeTncst 3a goromororo 6iry Ha 800 MeTpiB). 3 METOI0 BCTAHOBJIEHHsI 3HAUYIIUX BIIMIHHOCTEI MDK IpyHaMiu BUKOPJCTOBY-
BaBCsA OJHOCTOPOHHIN Aucrepciitanit aHanis (ANOVA), a 1 HomapHMX HOPIiBHAHb IIPOBORUBCSA post hoc TecT Ha BM3HaYeHHA
HaliMeH1Io]1 ictorHoi pisHuii (LSD — Least significant difference test). PiBens snauymmocti p < 0,05 3acTocoByBaBcsA 0 BCiX aHaIi3iB.

Pesynbraru. 3a pesynbraTaMy aHajlisy BCTAHOB/IEHO CTAaTUCTUYHO 3HAUYIL BiIMiHHOCTI M>K IpynaMm B yCiX TPbOX KOMIIO-
HEHTax pyxoBoi nifrorosrenocti: mBuakocTi (Fy s = 27,07, p < 0,05), cui (Fy 145 = 16,93, p < 0,05) Ta BUTpMBaNIOCTi ceprieBo-
cypuuHoi cuctemn (Fy 145 = 75,46, p < 0,05). Post hoc anasnis 3 BUKOpUCTaHHAM TeCTy Ha BUSHAYeHH: HAIMEHIIOl iCTOTHOI pisHuIi
TaKO)X BKa3aB Ha CyTTEBY Pi3HMIIIO B TOKa3HMKAX CU/IM, MIBUJKOCTI Ta BUTPUBAIOCTi CEpLIeBO-CYAMHHOI CUCTEMI B KOXKHI TpyIIi
MIOPiBHAHO 3 IHIIVMMM TPYIIAMIU.

Bucnosku. Ha 0CHOBI IPOBEEHOr0 HOC/I/PKEHHS MOXKHA 3pOOUTI BUCHOBOK, 1IJ0 YYHI IeB’ATUX i eCsTUX K/IaciB YO/IOBi-
Yoi CTaTi IEMOHCTPYIOTb 3HaYHO BMII MOKa3HMKM CHU/IY, IUBUAKOCTI Ta BUTPUBAJIOCTI CEPLieBO-CYAMHHOI CHCTeMM IOPiBHAHO
3 YUHAMU LIOCTUX, CbOMMX i BOCbMUX K/aciB. OTyKe, IPOrpaMy pyXoBoi IiITOTOBIEHOCTI, CIIPAMOBaHi Ha PO3BUTOK 3a3HAYEHUX
KOMIIOHEHTIB, MaloThb 6yTu po3po6iieHi 3a Ay epeH1ilioBaHIM HiIXOOM /IS YYHIB CTApIIOl Ta cepeJHbOI IIKO/IM Bi/IIIOBIHO 10
iXHIX 0COOMUBUX TOTPe6 PO3BUTKY.

KnrodoBi cmoBa: yuHi 40/10Bi40i cTaTi cTapIoi Ta cepefHbOi KON, CUIA, IIBUAKICTh, BUTPUBATICTD.
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Abstract

Objectives. This study aimed to examine the peculiarities of strength effort assessment in girls aged 10, 11,

and 12 years. Specifically, it sought to understand how these age groups evaluate effort at different percentages of
their maximum strength (1/3, 1/2, and 2/3).

Materials and methods. The study involved 75 girls divided into three age groups: 10 years (n = 20), 11 years

(n =25), and 12 years (n = 30). Participants’ maximum hand strength was measured using a dynamometer, and
their ability to assess effort at 1/3, 1/2, and 2/3 of this maximum was recorded.

Results. The error of effort assessment was calculated and analyzed using paired and independent samples
t-tests. Statistical significance was set at a = 0.05. The analysis revealed no significant age-related differences

in hand maximum strength or strength effort assessment among the different age groups. The most accurate
assessment of effort occurred at 2/3 of maximum strength for all age groups. Significant differences were found
in effort assessment between 1/3 and 1/2 of maximum strength, and between 1/3 and 2/3 of maximum strength,
with improvements noted as the effort percentage increased. However, no significant differences were observed
between effort levels at 1/2 and 2/3 of maximum strength.

Conclusions. The study indicates that the ability to assess strength effort remains stable across the age range of
10 to 12 years, with the most precise assessment occurring at 2/3 of maximum strength. The findings suggest that
while overall strength assessment abilities are consistent, targeted training may enhance precision at different
effort levels. This contributes to the understanding of motor function development and highlights the need for
interventions to improve effort assessment skills in young girls.

Keywords: strength effort assessment, motor development, young girls, maximum strength, kinesthetic sensitivity.

Introduction experience that nurtures both our physical and mental
well-being (Choudhary & Dubey, 2024). Physical education
plays a crucial role in the development of motor abilities
in children and adolescents. Physical activity is essential daily
(Mario & Das, 2022). The involvement of young individuals
in various motor activities can lead to the integration of their

way of thinking and behaving into their personality (Balan
g&“’@ TMOB et al., 2012). Quality physical education has been widely
: & TOB 0BC

Participating in sports and physical activity not only
shapes our bodies but also serves as a transformative
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recognized as paramount for children and youth to attain
motor competence and become physically active throughout
their lifespan (Santos et al., 2019). Movement experiences are
recognized as educationally desirable in the early life of the
child, and this is the time when a solid movement foundation
can be developed, providing children with a base for future
physical development and achievement in various forms of
physical activity (Ikechukwu et al., 2019). While traditional
approaches have often focused on discrete motor skills, there
is a growing recognition that motor abilities are influenced
by a range of interrelated factors, including cognitive, social,
and environmental considerations (Harris et al., 2015). The
relationship between motor skills and academic performance
has been a particular area of interest, with studies suggesting
that fine motor skills and executive function both contribute
to academic achievement in the early years of schooling
(Cameron et al., 2012). Movement coordination, often
referred to as motor coordination, is a fundamental skill that
children develop during their school-age years. This ability
to control and coordinate physical movements is crucial for a
child’s overall development and academic success. Research
has shown that children with poor motor coordination, a
condition known as developmental coordination disorder,
often struggle with daily activities and academic achievement
(Pérez & Coll, 2018). Motor skills, both fine and gross, are
recognized as fundamental abilities that children should
cultivate during their school years. Research has consistently
shown that deficits in motor skills can have negative
consequences on a child’s academic performance and overall
school success (Gidion, 2020). Previous studies have found
that fine motor skills, particularly those involving visual-
spatial integration such as copying tasks, are closely linked
to various measures of academic achievement (Carlson et al.,
2013). Researchers have found that the level of coordination
abilities development is a crucial factor in determining the
effectiveness of teaching motor actions (Hodges & Franks,
2002, Piccoli et al., 2018, Yu et al., 2015). This relationship
between motor skills and cognitive processes has been
extensively studied in the field of early childhood education
and development. The relevance and practical value of
researching kinesthetic sensitivity are highlighted in the
works of (Li, Su, Fu, and Pickett 2015, Brink and Jacobs
2011). Kinaesthetic sensitivity, the awareness of one’s body
movement and position in space, and proprioception,
the sense of limb position and body orientation, play
a crucial role in the acquisition and refinement of motor
skills (Thomas et al., 2008). The development of fine motor
skills is closely linked to the maturation of small muscles in
the fingers, wrists, and hands, as well as the coordination
between the visual and motor systems. Purnama et al.,
(2020) Importantly, the development of fine motor skills
does not occur in isolation, but is influenced by and interacts
with other aspects of child development, including language
and cognition. Through movement, children express
themselves, and physical education programs provide
physical health benefits for children, leading to more
alertness in the classroom, as well as the development of self-
image and a better understanding of their physical selves
(Gunawan et al.,, 2023, Sadaruddin et al.,, 2022). The study
of spatial abilities in the blind population has long been
a topic of interest among researchers and scholars in the
field of cognitive psychology and developmental science.

While it was once believed that visual experience was a
crucial factor in the development of spatial skills, a growing
body of evidence suggests that the lack of visual input may
have only limited effects on an individual’s perception
and mental representation of space (Bonino et al., 2015).
Morash et al. (2012) found that data from their study on
the spatial abilities of the blind underscore the importance
of motor control indicators in the development of motor
skills. Developing coordination abilities is a crucial aspect
of education, as it not only enhances physical skills but also
contributes to the overall cognitive and social development
of students (Nilufar et al., 2023). One important element in
this process is the availability of informative pedagogical
control indicators, which can provide valuable insights into
the progress and challenges faced by students (Pérez & Coll,
2018). Developmental coordination disorder is a condition
characterized by significant difficulties in the acquisition
and execution of coordinated motor skills, which can lead
to academic challenges for affected children (Johnstone &
Garcia, 1994). Developing coordination abilities in students
is a crucial aspect of education, and an essential element
in this process is the availability of informative pedagogical
control indicators and the knowledge of the peculiarities of
teaching methods (Cochran et al., 1993). The methodology
of pedagogical control incorporates a comprehensive
approach by applying multidimensional mathematical and
statistical methods of analysis. This approach, as detailed
by Ivashchenko et al. (2018), allows for a more nuanced
evaluation of educational processes and outcomes. Existing
research has highlighted the multifaceted nature of motor
control, involving the intricate interplay between various
neural, sensory, and biomechanical systems (Hirschfeld,
2007). Muscular strength is a fundamental component of
motor competence, which is crucial for schoolchildren’s
overall physical development and athletic performance
(Radnor et al., 2020). Strength training and skill-based
activities should be implemented in a progressive,
developmentally appropriate manner to help build a positive
association with physical activity (Rivilis et al., 2011).
Gender-based differences in motor skill proficiency have
also been observed, with girls generally demonstrating lower
levels of fundamental motor skill proficiency compared to
boys. This may stem from societal factors, as parents often
encourage different skills in their children - girls are more
likely to be encouraged in intellectual tasks, while boys are
steered towards sports and physical activities (Whitehead,
2006). The proposed research study aims to address this
gap by examining the unique considerations and challenges
involved in assessing strength effort in young girls aged
10-12.

Materials and Methods

Study Participants

A total of 75 sedentary girls were randomly recruited
from schools in the northeastern part of the region.
Participants were selected based on criteria including a
sedentary lifestyle, the absence of chronic illnesses, and no
prior regular participation in structured exercise programs.
Recruitment involved a randomized selection process from
participating schools to ensure a representative sample.
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Both participants and their guardians were fully informed
about the study’s objectives, procedures, potential risks, and
benefits, and written informed consent was obtained from
all participants and their parents or legal guardians.

Study Organization

This study utilized a descriptive design to assess
the handgrip strength of sedentary girls across three different
age groups: 10 years (n = 20), 11 years (n = 25), and 12 years
(n=30). The primary focus was on evaluating baseline
handgrip strength without implementing any interventions.
The paper used methods of scientific literature analysis,
testing, and methods of mathematical statistics.

Testing Procedure

Strength Effort Assessment

Equipment: A calibrated handgrip dynamometer (model
specified) was used for the measurement of maximum
handgrip strength. A calculator was employed to determine
the error percentage of the produced effort.

Testing: The maximum strength of the right hand
was measured for each participant using a dynamometer.
Considering the potential difference in the strength
capabilities of girls, special care was taken to ensure that the
girls felt comfortable and were encouraged to give their best
effort.

After determining the maximum strength, the
participants were asked to perform the following efforts,
which correspond to:

o 1/3 of maximum strength;

o 1/2 of maximum strength;

 2/3 of maximum strength.

Procedure

Each participant’s maximum handgrip strength was
measured on their dominant hand using the dynamometer.
Participants were seated comfortably, with the elbow flexed
at 90 degrees and the forearm in a neutral position during
the measurement. The dynamometer handle was adjusted to
fit the participant’s hand size.

Testing Protocol

To determine the maximum handgrip strength,
participants performed two attempts, with the highest
value recorded as the maximum strength. Following this,
participants were asked to exert efforts at 1/3, 1/2, and 2/3
of their maximum recorded strength. Each submaximal
effort was performed once, and the result was documented
in kilograms.

Ethical Considerations

The study adhered to ethical standards outlined in the
1964 Helsinki Declaration and its subsequent amendments.
Special care was taken to ensure the psychological comfort
of the participants, especially given their age and the nature
of the physical tests. All participants were encouraged and

motivated throughout the testing process to ensure maximum
effort while minimizing stress or anxiety. Standard protocols
were utilized to assess the parameters of interest.

Statistical Analysis

Statistical analyses were conducted using SPSS version
26. To evaluate the peculiarities of strength effort assessment,
a t-test for paired observations and a t-test for independent
samples were employed. These tests were used to compare
the mean differences between different age groups and
between various strength effort assessments within each
age group. A significance level of a = 0.05 was used for all
statistical tests.

Results

Table 1 presents the results of the comparative analysis
of strength effort assessment in girls aged 10 and 12.
There are no statistically significant differences between
these age groups in terms of hand maximum strength (p
= 0.709) or strength effort at 1/3, 1/2, and 2/3 of maximum
strength (p > 0.05). Both age groups show similar patterns in
effort assessment, with no statistically significant differences
observed. The girls demonstrate the highest assessment of
effort at 1/3 of maximum strength (Table 1).

Table 2 displays the comparativeanalysis of strength effort
assessment in girls aged 10 and 11. The analysis indicates no
significant differences in hand maximum strength (p =0.755)
or effort at different percentages of maximum strength (p >
0.05). Similar to the previous table, both age groups exhibit
comparable levels of strength effort assessment, with the
best performance at 1/3 of maximum strength (Table 2).
Table 3 provides a comparative analysis of strength effort
assessment in girls aged 11 and 12. There are no statistically
significant differences in hand maximum strength (p=
0.704) or effort at 1/3, 1/2, and 2/3 of maximum strength (p
> 0.05). The results show that the highest assessment of effort
occurs at 2/3 of maximum strength for both age groups
(Table 3). Table 4 summarizes the analysis of strength effort
assessment in girls aged 10. The results reveal a significant
improvement in effort assessment at 1/2 compared to 1/3 of
maximum strength (p = 0.001) and at 2/3 compared to 1/3
of maximum strength (p = 0.000). However, the difference
between effort at 1/2 and 2/3 of maximum strength is not
statistically significant (p = 0.092). These findings indicate a
notable improvement in effort assessment as the percentage
of maximum strength increases. Table 5 shows the analysis
of strength effort assessment in girls aged 11. Significant
differences are observed between effort at 1/2 and 1/3 of
maximum strength (p = 0.000) and between effort at 2/3
and 1/3 of maximum strength (p = 0.000). Additionally,
there is a significant difference between effort at 2/3 and
1/2 of maximum strength (p = 0.031). This suggests that
girls aged 11 show improved assessment of effort as the
percentage of maximum strength increases. Table 6 presents
the analysis of strength effort assessment in girls aged 12.
Significant differences are observed between effort at 1/2
and 1/3 of maximum strength (p = 0.000), effort at 2/3 and
1/3 of maximum strength (p = 0.000), and effort at 2/3 and
1/2 of maximum strength (p = 0.002). This indicates that
girls aged 12 demonstrate a more pronounced improvement
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Table 1. Comparative Analysis of Strength Effort Assessment in Girls Aged 10 and 12

Tests Age n Mean Std. Deviation Mean Difference t P

. 10 24 25.40 7.25

Hand Maximum Strength 1.45 0.374 0.709
12 30 26.85 6.85
. 10 24 27.60 10.35

Effort at 1/3 of Maximum Strength, % -1.24 -0.487  0.628
12 30 28.84 9.75
. 10 24 18.15 8.20

Effort at 1/2 of Maximum Strength, % -0.84 -0.340  0.734
12 30 19.00 7.85
. 10 24 14.80 7.65

Effort at 2/3 of Maximum Strength, % 0.70 0.272 0.787
12 30 14.10 7.05

Table 2. Comparative Analysis of Strength Effort Assessment in Girls Aged 10 and 11

Tests Age n Mean Std. Deviation Mean Difference t p

. 10 24 25.40 7.25

Hand Maximum Strength 0.85 0.313  0.755
11 25 26.25 7.15
) 10 24 27.60 10.35

Effort at 1/3 of Maximum Strength, % -0.76 -0.273 0.785
11 25 28.36 10.10
) 10 24 18.15 8.20

Effort at 1/2 of Maximum Strength, % -1.14 -0.447 0.658
11 25 19.29 8.05
. 10 24 14.80 7.65

Effort at 2/3 of Maximum Strength, % 1.05 0.371 0.713
11 25 13.75 7.35

Table 3. Comparative Analysis of Strength Effort Assessment in Girls Aged 11 and 12

Tests Age n Mean Std. Deviation Mean Difference t P

. 11 25 26.25 7.15

Hand Maximum Strength 0.95 0.380 0.704
12 30 26.85 6.85
. 11 25 28.36 10.10

Effort at 1/3 of Maximum Strength, % -0.94 -0.374  0.712
12 30 29.30 9.75
. 11 25 19.29 8.05

Effort at 1/2 of Maximum Strength, % -0.65 -0.243 0.814
12 30 19.94 7.85
. 11 25 13.75 7.35

Effort at 2/3 of Maximum Strength, % 1.20 0.400  0.689
12 30 14.95 7.05

Table 4. Analysis of Strength Effort Assessment in Girls Aged 10 (n = 24)

Tests Mean Std. Error Mean Difference t p
Pair 1: Effort at 1/3 vs. 1/2 of Maximum Strength (%) 27.60 2.10 9.45 4.250 0.001
Pair 2: Effort at 1/3 vs. 2/3 of Maximum Strength (%) 27.60 2.10 12.80 6.095 0.000
Pair 3: Effort at 1/2 vs. 2/3 of Maximum Strength (%) 18.15 1.95 3.35 1.718 0.092

Table 5. Analysis of Strength Effort Assessment in Girls Aged 11 (n = 25)

Tests Mean Std. Error Mean Difference t p
Pair 1: Effort at 1/3 vs. 1/2 of Maximum Strength (%) 28.36 2.05 8.95 4.375 0.000
Pair 2: Effort at 1/3 vs. 2/3 of Maximum Strength (%) 28.36 2.05 13.00 6.320 0.000
Pair 3: Effort at 1/2 vs. 2/3 of Maximum Strength (%) 19.29 1.85 4.10 2.216 0.031

Table 6. Analysis of Strength Effort Assessment in Girls Aged 12 (n = 30)

Tests Mean Std. Error Mean Difference t P
Pair 1: Effort at 1/3 vs. 1/2 of Maximum Strength (%) 29.00 1.87 8.50 4.545 0.000
Pair 2: Effort at 1/3 vs. 2/3 of Maximum Strength (%) 29.00 1.87 13.20 7.058 0.000
Pair 3: Effort at 1/2 vs. 2/3 of Maximum Strength (%) 21.05 1.84 6.10 3.318 0.002
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in strength effort assessment at higher percentages of
maximum strength.

Discussion

The study aimed to explore the peculiarities of strength
effortassessmentin girlsaged 10, 11, and 12, focusing on their
ability to gauge effort at various percentages of maximum
strength. The findings indicate several key insights:

Age-Related Changes in Strength Effort Assessment:
The study revealed that there are no significant age-related
changes in the assessment of strength effort among girls
aged 10 to 12. This suggests that the ability to assess effort
at 1/3, 1/2, and 2/3 of maximum strength does not undergo
significant development within this age range. This finding
aligns with some previous research on motor development,
which shows that certain aspects of motor abilities stabilize
during these early developmental years.

Effort Assessment at 2/3 of Maximum Strength: Consistent
with findings from previous studies on boys, girls aged 10 to
12 also demonstrated the most accurate assessment of effort
at 2/3 of maximum strength. This result supports the data
from Ivashchenko (2018) and Liakh (2000), which suggest
that children and adolescents generally excel in evaluating
efforts at higher percentages of their maximum strength.
This trend underscores the relative stability and reliability of
strength assessment at this level.

Differences in Effort Assessment Across Age Groups:
Although no significant differences were found between age
groups in the overall assessment of strength effort, specific
findings highlight notable differences in the way girls assess
effort at various levels. For instance, girls aged 10 showed
significant differences in effort assessment between 1/3
and 1/2 of maximum strength, and between 1/3 and 2/3 of
maximum strength. Similar patterns were observed in the
assessments for girls aged 11 and 12. These results align with
the notion that while the overall ability to assess strength
may be stable, the precision of this assessment can vary
across different effort levels and age groups.

The study’s results highlight the importance of
understanding and developing kinesthetic sensitivity
among young girls. The observed patterns emphasize the
need for targeted training programs that focus on improving
the ability to assess and manage effort at various levels of
strength. This aligns with the conclusions of previous studies
suggesting that specialized training can enhance motor
control and effort assessment abilities, as noted by Farfel
(2011).

The findings contribute to the body of research on
motor function development, particularly in the context of
strength effort assessment. They extend the work of Li, Su,
Fu, and Pickett (2015), Brink and Jacobs (2011), and Morash,
Pensky, Alfaro, and McKerracher (2012) by providing new
insights into how young girls assess strength effort and by
underscoring the need for further research in this area.
Our study on strength effort assessment in girls aged 10-
12 revealed that, similar to the findings by Ivashchenko et
al. (2019), there are no significant age-related differences
in muscular effort assessment within this age range. Both
studies found that the most accurate assessment of effort
occurs at 2/3 of maximum strength, reflecting the stability
of muscular control at this level. Additionally, neither study

observed significant correlations between effort levels at 1/3,
1/2, and 2/3 of maximum strength, suggesting that errors in
effort assessment are independent across these intensities.
These results underscore the importance of focusing on
strength assessment training at 2/3 of maximum strength
and highlight the need for targeted interventions to improve
effort assessment skills in young girls. By considering the
interplay between motor skills, cognitive processes, and
academic performance, researchers and educators can
gain a more comprehensive understanding of the factors
that contribute to the overall development and well-
being of students (Carlson et al., 2013; Cameron et al,,
2012). Educators must possess the necessary pedagogical
competencies to effectively utilize technology in the
learning environment, as it can significantly impact student
achievement and motivation (Huda, 2019).

Conclusions

Thestudyexplored strength effortassessmentamonggirls
aged 10, 11, and 12, revealing that age does not significantly
influence the ability to gauge effort at 1/3, 1/2, and 2/3 of
maximum strength. Across all age groups, the most accurate
assessment of effort was observed at 2/3 of maximum
strength, indicating a consistent level of performance
in this area. Although no significant differences in overall
strength assessment were found between age groups, distinct
patterns emerged in effort assessment at various levels.
Specifically, significant differences in effort assessment
were noted between 1/3 and 1/2 of maximum strength, and
between 1/3 and 2/3 of maximum strength for girls aged
10, 11, and 12. These findings emphasize the stability of
strength assessment capabilities within this age range while
highlighting the need for targeted training programs to
enhance precision in effort evaluation. The results contribute
to a broader understanding of motor function development
and underscore the importance of specialized interventions
to improve strength effort assessment skills in young girls.
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OuiHKa cunoBMX 3ycunb y AiBYaT nepeanignitkoBoro Biky: AcnekTu
TOYHOCTI BUSHA4Y€HHSA 3YCWIb Ha Pi3SHNX NOPOroBUX PiBHAX CUAN

ITpamant Kymap Yoyaxapi'A*“P, Cyunmmpasa [Jy6eir'A*", Binpis
Papat?*P, Cony Kymap®*P, bxany IIparam®*?, [limak Banrapi**, Cangen
Kymap*AP, Cam6xy IIpacan’?, Jansip Cinrx Kaynresa®sP

'Hanionanbunit incTutyT disndnoro BuxosanHs imeHi Jlakmmi bai
*MaHinancpknit yHiBepcutet B [xaitmypi

*[IpexpacHuit mpodeciiiunii yHiBepcuTeT

*YuiBepcurer Cy6xaprti imeni CBami BiBexanangu

*YuiBepcuret imeni Pamkusa [anzi

*Konemx micnapumnomuoi ocBitn iMeni Kimopi Pamana

ABTOpCHKNMIT BKIAJ;: A — nu3aiiH gocnimpkenHs; B — 36ip ganux; C - cratananis; D - migroroska pykomucy; E — 36ip komrris

Pedepar. Crarts: 8 c., 6 Tabn., 33 mxeperna.

Merta gocaimKeHHa. MeToI0 1[bOTr0 JOCTIKEHHS 6y}10 BUBYNTY OCOONMMBOCTI OL[IHKM CUTIOBUX 3ycuib y miBdat Bikom 10, 11
Ta 12 pokiB. 30KpeMa, 3’ACyBaTH, AKUM YMHOM Y JaHNUX BiKOBUX IPyIaX BU3HAYAETHCA OL[iHKA 3YCU/Ib Ha PiBHi Pi3HUX BiICOTKIB
Bim MakcumanpHoi ey (1/3, 1/2 Ta 2/3).

Marepianu Ta MeTomM. Y JOCTI>KEHH] B3SUIM y4acTh 75 AiBYAT, pO3IOAIEHNX Ha Tpu BikoBi rpymu: 10 pokis (n = 20), 11 po-
KiB (n =25) i 12 pokiB (n = 30). 3a JoOMOro0 AMHAMOMETpa BUMipIOBa/y MaKCUMAIbHY CUTY KIMCTeN PYK BOCTiIKYBaHUX ocib,
a TakoxX (pikcyBam IXHIO 3JaTHICTD OLIHIOBATH 3yCIUIsA Ha piBHi 1/3, 1/2 i 2/3 Bif 11bOro Makcumymy.

PesynbraTu. [Toxu6ka oriHKy 3ycuib 6y1a pospaxoBaHa Ta HpOaHa/Ii30BaHa 3 BUKOPUCTAHHAM t-KpUTepiiB /s MapHNUX Ta
He3aJIeKHNX Bubipok. CTaTUCTUYHA 3HAYYLIICTh Oy/a BCTAHOB/IeHA Ha piBHI a = 0,05. AHasli3 He BUSBUB CYTTEBUX IIOB SI3aHMX
3 BIKOM BifIMiHHOCTeI B OIIiHI]i MaKCYMaJIbHOI CH/IV KVCTeN Pyk ab0 CUIOBUX 3yCH/Ib MK pisHMMIY BikoBMMU rpynaMu. Haritou-
Hillla oLiHKa 3ycuib BigbyBanacs Ha piBHI 2/3 Biff MAKCMMAIbHOI CHIM AJIs1 BCIX BIKOBUX IPyIL. 3HAYHI BifMIHHOCTI BCTAHOBJ/ICHO
B OLiHIi 3ycuyb Mk 1/3 i 1/2 Bif MakcuManbHOI cumu, a TakoXK Mk 1/3 1 2/3 Bif MakcuManbHOI CUIM, IPY 1IbOMY TTOKpAIleHHS
MOKAa3HMKIB Bifj3Ha4a10Cs 3i 30i/IbIIeHHsM BifjcoTKa 3ycuib. OfHAK 3HAYHVX Bi[MIHHOCTEl MK IIOKasHMKAMM 3yC//Ib Ha PiBHI
1/2 i 2/3 Big MaKcMMaIbHOI CU/IM He CIIOCTepirazocs.

Bucnosku. JlocmiKeHHA IOKa3aso, W0 34aTHICTb OLIHIOBATH CUJIOBi 3yCHM/IIA Y BiKOBOMY JiamasoHi Big 10 mo 12 pokis
3a/IMIIAEThCA CTA0IPHOIO, @ HAMITOYHIIIIA OIiHKa BifOyBaeThcs Ha piBHI 2/3 Bif MakcumasbHoi cutu. OTprMaHi jaHi BKasyoOTh
Ha TOiT aKT, [0 He3BAXKAIYM HA HE3MIHHMII XapaKTep 3araJibHMX 3/{i0HOCTEI [I0J0 OL[iHKI CH/IOBUX IOKa3HMKIB, [ii/IeCIpsiMO-
BaHi TP€HYBaHHA MOXKYTb IiIBULINTY TOYHICTh BUSHAYE€HH: Ha PisHUX PiBHAX 3ycuib. e cripuse po3yMiHHIO PO3BUTKY PYXOBOi
byHKIT Ta migKpecoe HeoOXiTHICTb BIPOBA/PKEHHs IHTePBEHIil 3 METOIO [OJIITIIeHHsT HABMYOK OL[HKY 3YCW/Ib Y FOHMUX JJiBYAT.

Knrouosi cnoBa: o1iHKa C1IOBUX 3yCUIb, PyXOBUIT pO3BUTOK, IOHI JliBYaTa, MaKCUMalbHa CU/IA, KiHeCTeTUYHA 9y T/IMBICTb.
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Abstract

Background. Age-related changes in anthropometric indices and their association with cardiometabolic health
markers are crucial for understanding health risks in adult men.

Objectives. The study aimed to assess age-related variations in anthropometric indices and their correlation

with health markers, highlighting potential cardiometabolic health risks in adult men.

Materials and methods. A total of 200 men, aged 26 to 50 years, from Delhi-National Capital Region (NCR),
India, were sampled using a multistage random sampling technique and divided into 5 age groups, each including
40 individuals. This study examined variations in body measurements such as the hip circumference (HC), waist
circumference (WC), body mass index (BMI), and neck circumference (NC) across different age groups, as well

as their relationship to health markers like HbAlc and lipid profile. Anthropometric measurements were taken

in a standardized environment, and blood samples were taken under fasting conditions for lipid profile and HbA1lc
measurement. With SPSS software, descriptive statistics, a one-way ANOVA, and the Pearson correlation coefficients

were used to analyze the data.

Results. Significant age-related differences were found in NC and WC, with NC increasing from 39.61 + 2.53 cm to
41.20 £ 2.63 cm and WC rising from 89.68 + 12.08 cm to 98.80 + 9.90 cm, indicating a trend toward central obesity.
BMI and HC showed no considerable variation across age groups. A one-way ANOVA revealed significant differences
in NC (F = 3.586, p = 0.008) and WC (F = 6.020, p = 0.005). Pearson’s correlations indicated that NC, BMI, and WC
were positively correlated with triglycerides, LDL, and VLDL levels (p < 0.05), while no notable correlations were

observed for HbAlc.

Conclusions. The study underscores the existence of significant age-related increases in NC and WC, suggesting
heightened risks of abdominal obesity and cardiometabolic health issues in older men. Monitoring these
anthropometric indices is vital for the early detection of health risks in adult males.

Keywords: adult men, anthropometric indices, cardiometabolic health, lipid profile, obesity.

Introduction

Anthropometric evaluations offer a practical and
effective means of assessing the health and nutritional
conditions of various demographic groups, demonstrating
a significant correlation between these measurements and
health, developmental, and socioeconomic factors (Beaton
et al., 1990). As noted by De Onis and Blossner (2003),
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such studies help identify both under-nutrition and over-
nutrition, which is critical for shaping health and nutrition
policies. These indicators not only highlight the extent of
nutritional issues but also provide a basis for ranking regions
or populations by need, guiding the allocation of resources
and interventions. Increasingly, attention has been directed
toward evaluating body fat distribution, overweight, and
obesity, given their association with the increased incidence
of chronic illnesses, particularly among adults (Seidell et
al.,, 2001). Anthropometric indicators, including waist
circumference (WC) and body mass index (BMI) are now
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recognized as essential tools in clinical and public health
settings for assessing men’s health and their risk of chronic
diseases (World Health Organization, 1995).

While BMI remains a widely used indicator in public
health assessments, it has notable limitations. BMI does not
distinguish between lean mass and fat mass, which can be
misleading in assessing individuals with high muscle mass
or varying body compositions. As a result, there has been
a shift toward using alternative anthropometric measures
such as WC, which provide more detailed insights into
fat distribution and its related risks to health (National
Heart, Lung, and Blood Institute, 2023). Because central
obesity, especially abdominal fat, is strongly associated
with metabolic disorders such insulin resistance, lipid
disorders, and hypertension, it is regarded as a serious
health concern (Ashwell et al., 2012). Studies indicate that
males are more likely than women to develop visceral fat,
which dramatically increases the chance of metabolic along
with cardiovascular disorders (Kahn et al., 2019). Insulin
resistance and inflammatory processes are linked to this
buildup of abdominal fat, both of which contribute to
chronic diseases, making it essential to assess the correlation
between anthropometric indices and health markers like
lipid profiles and glycemic control.

The growing prevalence of obesity, particularly among
men, has significant health implications. It is widely known
that obesity poses a significant risk for non-communicable
diseases (NCDs), such as cardiovascular disease and type II
diabetes, which are the two biggest causes of death and
morbidity globally. In India, estimated 62 million people
exhibit traits associated with obesity, increasing their
vulnerability to these diseases (Mohan & Deepa, 2015).
One of the primary drivers behind the rise in NCDs is
physical inactivity, which has become a global concern in
the fight against these illnesses (Beaglehole et al., 2011; Lee
et al,, 2012). Health indicators such as triglycerides, low-
density lipoprotein (LDL), high-density lipoprotein (HDL),
and HbA1c levels are crucial for evaluating cardiometabolic
risk. The risk of cardiovascular illnesses are increased by
high LDL and low HDL values, while high HbAlc levels
reflect poor glycemic control, indicating a heightened risk of
type Ildiabetes (American Heart Association, 2022). Studies
show that individuals with higher waist circumferences
often have adverse lipid profiles and elevated HbAlc
levels, further linking central obesity to negative metabolic
outcomes (Kahn et al., 2019). This is particularly concerning
for adult men, who may exhibit higher cardiometabolic risks
due to the shifts in body composition brought on by aging.

Urbanization, lifestyle changes, and dietary shifts in
regions like Delhi-NCRhave contributed to a rising trend in
obesity among men, with significant consequences for public
health. According to a research by Kalra et al. (2021), one in
four people in India are obese, with the greatest percentages
of body fat among men and women seen in cities like Delhi.
The NCD Risk Factor Collaboration (2016) found that
from 0.5% in 1990 to 5.4 % in 2022, Indian men’s obesity
prevalence increased significantly. In addition, the National
Family Health Survey (NFHS-5), which was carried out in
2019 and 2021, discovered that during the previous 15 years,
the overall incidence of overweight and obesity among males
aged 15 to 49 years has increased from 9.3 % to 22.9 % (Iips,
2021). Given that NCDs like diabetes and cardiovascular

disease—which are now India’s top causes of death and
morbidity—have a significant correlation with obesity, the
fast rise in obesity is concerning.

Men in urban areas, particularly those in Delhi-NCR,
are particularly susceptible to these health risks. The region
has experienced rapid urbanization and lifestyle changes,
including sedentary behavior, poor dietary habits, and
reduced physical activity, all of which have an increasing
impact on the incidence of obesity and related illnesses.
According to research, visceral fat is more common in adult
males. This fatis highly linked to a higher risk of the metabolic
syndrome along with cardiovascular illnesses (Kahn et al.,
2014). As central obesity becomes more prevalent, assessing
the correlation between anthropometric indices such as WC,
and other health markers like lipid profiles and glycemic
control becomes critical for identifying individuals at risk of
developing chronic diseases.

Experts emphasize the importance of making lifestyle
changes, including making better dietary choices and getting
regular exercise, to combat the obesity pandemic and reduce
the associated health risks (Gulati & Misra, 2017). Despite
the widespread use of anthropometric measurements
in public health assessments, significant gaps remain in
understanding how these indices specifically impact adult
men in urban settings like Delhi-NCR. Current research
often aggregates data across genders and age groups,
overlooking the socio-cultural and economic factors that
uniquely influence health in adult men (Aggarwal et al,,
2021). Also, a large portion of the study that has already been
done has been on young people and adolescents., leaving a
critical gap in knowledge regarding adult males, who face
higher risks of cardiometabolic conditions (Devi et al.,
2020). Addressing these gaps is necessary in order to create
focused public health programs that address the unique
health requirements of this population.

This study aims to address these gaps by investigating
age-related variations in anthropometric indices and their
associations with cardiometabolic health markers in adult
men from Delhi-NCR. By focusing on key indices such
as BMI and WG, this research seeks to provide a clearer
understanding of how body composition changes with age
and how these changes relate to metabolic and cardiovascular
risks. Additionally, this study will evaluate the effectiveness
of these indices in predicting cardiometabolic diseases
in this population. The findings will offer valuable insights
into improving screening practices and health promotion
strategies tailored to the needs of adult men in urban
environments, contributing to more efficient healthcare
initiatives meant to lessen the burden of non-communicable
diseases.

Methods and Materials

Study Participants

The study involved a sample of adult males aged 26 to
50 years residing in Delhi and the National Capital Region
(NCR), India. A multistage random sampling technique was
employed to ensure a representative sample, stratified into
five age groups: 26-30, 31-35, 36-40, 41-45, and 46-50 years.
Inclusion criteria required participants to be healthy male
adults who had been residing in the region for a minimum
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of a year. Among the exclusion standards were individuals
with recent surgeries, chronic illnesses, or conditions such
as diabetes and cardiovascular diseases that could affect
the anthropometric indices and health markers being
measured. Ultimately, 200 participants were recruited, with
40 individuals from each age group, and everyone provided
written, informed consent.

Study Organization

Standardization in data collecting processes was ensured
by the controlled setting in which the study was performed.
Anthropometric measures were obtained with calibrated
equipment, including Neck Circumference (NC), Waist
Circumference (WC), Hip Circumference (HC), and Body
Mass Index (BMI). NC was measured to the closest 0.1 cm
using a flexible measuring tape at the point directly below
the Adam’s apple, making that the tape was tight but did not
compress the skin.

The formula used to determine BMI was (BMI = Weight
(kg) / Height (m)?), where weight was recorded to the closest
0.1 kg and 0.1 cm, respectively, using a calibrated weighing
scale along with height measured using a stadiometer.
The narrowest point on the torso, usually just above the
navel, was used to measure WC. The tape was positioned
tightly without squeezing the skin, and the measurements
were taken to the closest 0.1 cm. The widest point of the hips
was used to measure HC. The tape was positioned parallel
to the floor, tight but without squeezing the skin and the
measurement was taken to the closest 0.1 cm.

Samples of the blood were collected early in the
morning after an overnight fast from various locations in
Delhi, India, including IGIPESS Vikaspuri (25 samples),
Gurgaon Sector 40 (62 samples), Batla House, Jamia Nagar
(50 samples), and Lajpat Nagar (33 samples) and Shalimar
Bagh (30 samples), and analyzed at Indo-Arab Diagnostic in
Gurgaon for HbAlc and lipid profile (Triglycerides (TGL),
Low Density Lipoprotein (LDL), High Density Lipoprotein
(HDL), Very Low Density Lipoprotein (VLDL).

Data collection was supervised by trained researchers to
maintain consistency and accuracy throughout the process,
and blood samples were analyzed at the Modern Diagnostic
and Research Lab, Gurgaon, where testing was conducted by
certified technicians from the lab.

Statistical Analysis

SPSS software was used for data analysis. For every
anthropometric index and health marker, descriptive
statistics were computed, such as means and standard
deviations. To compare the means of the five age groups,

a one-way ANOVA was used; the Tukey post-hoc test was
then used to identify any differences between the groups.
Anthropometric indices and health markers were compared
using Pearson’s correlation coefficient, which shed light
on possible links and health hazards. To guarantee the
dependability of the findings, a significance threshold of 0.05
was established for every statistical test.

Results

Table 1 summarizes the mean values and standard de-
viations of key anthropometric indices—NC, BMI, WC, and
HC—across five age groups of adult men (26-30, 31-35, 36-
40, 41-45, and 46-50 years), with each group comprising
40 participants. The data reveal a gradual increase in NC from
39.61+2.53 cmintheyoungest groupto41.20 +2.63 cminthe
oldest group, alongside a rise in BMI from 25.09 + 5.02 kg/m?
to 26.82 + 4.65 kg/m?, indicating a potential trend towards
higher body weight with age. WC also exhibited a significant
increase, from 89.68 +12.08 cm to 98.80 + 9.90 cm, suggest-
ing a greater risk of abdominal obesity among older partici-
pants. In contrast, HC remained relatively stable across age
groups, ranging from 100.41+9.80 cm to 102.48 £ 7.27 cm.
These findings highlight important age-related trends in an-
thropometric measurements that may have implications for
assessing cardiometabolic health risks in adult men.

Table 2 presents the mean values and standard
deviations of various health markers, including HbAlc,
TGL, LDL, HDL, and VLDL, across five age groups of adult
men (26-30, 31-35, 36-40, 41-45, and 46-50 years), with each
group consisting of 40 participants. The mean HbAlc levels
ranged from 5.33 + 6.48 % in the 36-40 years age group to
5.61+ 4.92 % in the 46-50 years age group, indicating a slight
increase in glycemic control with age. TGL levels showed
variability, with the highest mean observed in the 31-
35years group at 132.75 + 30.90 mg/dL, while the lowest was
in the 36-40 years group at 120.15 + 35.52 mg/dL. LDL levels
ranged from 93.50 + 24.18 mg/dL in the 31-35 years group
t0 102.00 + 19.33 mg/dL in the 41-45 years group, suggesting
fluctuations in lipid profiles across age groups. HDL levels
remained relatively stable, ranging from 40.18 +£4.89 mg/dL
in the 31-35 years group to 42.15 + 5.70 mg/dL in the 46-
50years group. VLDL levels also exhibited slight variations,
with a range from 21.48+ 7.13 mg/dL in the 36-40 years
group to 23.77 £ 6.69 mg/dL in the 31-35 years group.
These results highlight the need of tracking health indicators
across several age groups to detect possible metabolic health
problems and cardiovascular risks in adult males.

Table 3 provides a summary of the one-way ANOVA
results for the anthropometric variables (NC, BMI, WC, and
HC) across different age groups of adult men. The analysis

Table 1. Descriptive summary of anthropometric indices by age group in adult men

Age (yr) n NC (cm) BMI (kg/m?) WC (cm) HC (cm)
26-30 40 39.61 £2.53 25.09 = 5.02 89.68 + 12.08 100.41 + 9.80
31-35 40 39.89 £2.70 26.35+4.34 94.00 £ 10.55 101.58 + 8.47
36-40 40 41.01 £1.97 26.98 +4.30 96.56 + 8.95 102.48 +7.27
41-45 40 41.04 £ 2.47 27.12+£2.92 98.75 £ 7.25 101.43 + 6.77
46-50 40 41.20 £ 2.63 26.82 £4.65 98.80 £9.90 101.38 £ 8.61
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Table 2. Descriptive summary of health markers by age group in adult men

Age (yr) N HbA1lc (%) TGL (mg/dL) LDL (mg/dL) HDL (mg/dL) VLDL (mg/dL)
26-30 40 5.46 + 6.48 127.88 £ 36.83 101.39 £22.89 42.15+4.42 22.45 +6.80
31-35 40 5.60 +5.20 132.75 + 30.90 93.50 £ 24.18 40.18 + 4.89 23.77 £ 6.69
36-40 40 533 +4.77 120.15 + 35.52 97.93 +18.90 41.38 +4.63 2148 +7.13
41-45 40 5.46 +2.56 131.13 + 34.94 102.00 +19.33 41.25 +4.88 22.27 +8.11
46-50 40 5.61 £4.92 128.15 + 35.70 96.32 +19.87 42.15+5.70 22.69 +7.56

Table 3. Summary of one-way ANOVA of anthropometric variables among age groups in adult men
Variables Source of Variation Sum of Squares Df Mean Square F-value p-value

Between Groups 87.675 4 21.919

NC 3.586 .008
Within Groups 1191.825 195 6.112
Between Groups 108.583 4 27.146

BMI 1.464 215
Within Groups 3616.036 195 18.544
Between Groups 2349.820 4 587.455

wC . 6.020 .005
Within Groups 19027.769 195 97.578
Between Groups 85.955 4 21.489

HC . 316 867
Within Groups 13277.344 195 68.089

*. Significant at 0.05 level
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Fig. 1. Age-related trends in anthropometric indices among adult men

was conducted to determine whether significant differences
exist in these measurements between the five age groups
(26-30, 31-35, 36-40, 41-45, and 46-50 years). The findings
indicate that both NC and WC show statistically significant
differences across age groups.

For NC, the between-group variation was significant,
with a p-value of .008 and an F-value of 3.586, implying
that as men age, noticeable differences in NC are observed.
This could reflect changes in fat distribution and upper body
adiposity, which are known to vary with age.

Similarly, WC displayed a significant difference across
age groups, as evidenced by a p-value of .005 and an F-value
of 6.020. This finding is particularly relevant, as WC is close-
ly associated with abdominal fat, a known risk factor for
metabolic syndrome and cardiovascular diseases. The sig-

nificant increase in WC with age may indicate a heightened
risk of these conditions in older age groups.

In contrast, BMI did not show significant variation
among age groups, with a p-value of .215 and an F-value
of 1.464. Despite BMI being a widely used measure of
overall body fat, this result suggests that BMI alone may not
fully capture the age-related changes in body composition,
particularly fat distribution.

Similarly, HC also did not show significant differences
between age groups, as indicated by a p-value of .867 and an
F-value of .316, suggesting that HC remain relatively stable
with age.

Opverall, these findings suggest that while certain anthro-
pometric indices such as NC and WC vary significantly with
age, others like BMI and HC may remain more constant.
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Fig. 2. Variation in health markers by age group in adult men

These results highlight the importance of focusing on spe-
cific body measurements, such as neck and waist circumfer-
ences, when assessing age-related changes in body composi-
tion and the associated health risks in adult men.

Table 4 provides a summary of the one-way ANOVA
results for health markers (HbAlc, TGL, LDL, HDL, and
VLDL) across different age groups of adult men. The analysis
was conducted to determine whether significant differences
exist in these health markers between the five age groups
(26-30, 31-35, 36-40, 41-45, and 46-50 years). The findings
indicate that none of the health markers displayed statistically
significant differences across age groups.

For HbA ¢, the analysis revealed a p-value of 0.636 and
an F-value of 0.638, indicating that there are no significant
variations in glycemic control among the different age
groups. This suggests that HbAlc levels remain relatively
stable across the ages studied, implying that age may not
significantly impact long-term glucose levels in this
population.

Similarly, TGL did not show significant differences
across age groups, with a p-value of 0.543 and an F-value
of 0.775. This result indicates that TGL levels are consistent
among the age groups, suggesting that factors other than
age may play a more critical role in influencing TGL levels
in adult men.

The LDL levels also exhibited no significant variation,
as evidenced by a p-value of 0.346 and an F-value of 1.125.
This finding implies that age may not be a significant
determinant of LDL cholesterol levels in this cohort,
highlighting the need for other risk factors to be considered
when assessing cardiovascular risk.

For HDL, the results showed a p-value of 0.411 and
an F-value of 0.996, indicating that there are no significant
differences in HDL levels among the age groups. This stability
in HDL levels suggests that age-related changes in lipid
profiles may not be as pronounced in this population.

Lastly, VLDL levels also did not demonstrate significant
differences, with a p-value of 0.724 and an F-value of 0.516.

Table 4. Summary of one-way ANOVA of health markers among age groups in adult men

Variables Source of Variation Sum of Squares df Mean Square F-value p-value

Between Groups 2.167 4 .542

HbAlc .638 636
Within Groups 165.477 195 .849
Between Groups 3759.530 4 939.882

TGL 775 543
Within Groups 236638.450 195 1213.531
Between Groups 2011.635 4 502.909

LDL 1.125 346
Within Groups 87141.033 195 446.877
Between Groups 96.630 4 24.158

HDL 996 411
Within Groups 4728.725 195 24.250
Between Groups 109.411 4 27.353

VLDL .516 724
Within Groups 10328.733 195 52.968

*. Significant at 0.05 level
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Table 5. Pairwise comparison of NC and WC among age groups of 26-30, 31-35, 36-40, 41-45, and 46-50 in adult men

95 % Confidence Interval

Variables (I) order (J) order  Mean Difference (I-]) Std. Error Sig.
Lower Bound Lower Bound

2.0 -.2750 .5528 988 -1.797 1.247

10 3.0 -1.4000 .5528 .088 -2.922 122

4.0 -1.4250 .5528 .079 -2.947 .097

5.0 -1.5875* .5528 .036 -3.110 -.065

NC 3.0 -1.1250 .5528 253 -2.647 397
2.0 4.0 -1.1500 .5528 233 -2.672 372

5.0 -1.3125 .5528 127 -2.835 210

4.0 -.0250 .5528 1.000 -1.547 1.497

>0 5.0 -.1875 .5528 997 -1.710 1.335

4.0 5.0 -.1625 .5528 .998 -1.685 1.360

2.0 -4.3250 2.2088 291 -10.407 1.757

10 3.0 -6.8875% 2.2088 .018 -12.969 -.806

4.0 -9.0750* 2.2088 .001 -15.157 -2.993

5.0 -9.1250% 2.2088 .001 -15.207 -3.043

3.0 -2.5625 2.2088 774 -8.644 3.519

we 2.0 4.0 -4.7500 2.2088 .203 -10.832 1.332
5.0 -4.8000 2.2088 194 -10.882 1.282

30 4.0 -2.1875 2.2088 .859 -8.269 3.894

5.0 -2.2375 2.2088 .849 -8.319 3.844

4.0 5.0 -.0500 2.2088 1.000 -6.132 6.032

Key: 1.0: Age group 26-30; 2.0: Age group 31-35; 3.0: Age group 31-35; 4.0: Age group 36-40; 5.0: Age group 46-50

This finding reinforces the notion that VLDL levels remain
relatively constant across different age groups, indicating
that age may not be a critical factor in determining VLDL
concentrations in adult men.

Opverall, these findings suggest that health markers such as
HbAlc, TGL, LDL, HDL, and VLDL do not vary significantly
with age in adult men. This stability implies that while age may
influence certain health outcomes, these specific markers may
be more influenced by other factors, such as lifestyle, diet, and
genetic predispositions. Therefore, it is essential to consider a
broader range of factors when assessing cardiovascular and
metabolic health risks in adult men, rather than relying solely
on age-related changes in these health markers.

A Tukey post hoc test was conducted to measure the
significant differences between the groups. The results, as
shown in the table 5 presents the pairwise comparisons for
NC and WC among different age groups of adult men (26-
30, 31-35, 36-40, 41-45, and 46-50 years). The analysis aims
to identify significant differences in these anthropometric
measurements across the specified age groups. For NC, the
findings reveal a significant difference between the youngest
(26-30 years) and oldest (46-50 years) age groups, with men
aged 46-50 years having a significantly lower NC compared
to those aged 26-30 years (mean difference -1.5875,
p=0.036). This suggests that age may influence NC, possibly
reflecting changes in body composition and fat distribution
with advancing age. However, other comparisons for NC

did not yield statistically significant results. In contrast,
the pairwise comparisons for WC revealed several significant
differences. Men aged 36-40 years had a significantly larger
WC compared to those aged 26-30 years (mean difference
-6.8875, p=0.018), and similar significant increases were
observed in the 41-45 and 46-50 age groups. These findings
underscore the importance of monitoring WC as a key
indicator of health risks associated with aging in adult
men, given that WC is closely associated with abdominal
fat and is a known risk factor for metabolic syndrome and
cardiovascular diseases. The results also suggest that as men
age, their WC tends to increase significantly, while NC may
not be as sensitive to age-related changes.

This table 6 presents the Pearson correlation coeflicients
and their corresponding significance levels (2-tailed)
between various anthropometric indices and health markers
in a sample of adult men. The anthropometric indices include
NC, BMI, WC, and HC, while the health markers consist of
HbAlc, TGL, LDL, HDL, and VLDL.

The results show that NC is significantly and positively
correlated with BMI (r = 0.714, p < 0.01), WC (r = 0.688,
p <0.01),and HC (r = 0.656, p < 0.01), indicating that as NC
increases; these other anthropometric measures also tend to
increase. This suggests that NC may be a useful indicator of
overall body composition and fat distribution in adult men.

BMI is also significantly correlated with WC (r = 0.765,
p < 0.01) and HC (r = 0.694, p < 0.01), highlighting the re-
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Table 6. Pearson correlation matrix of anthropometric indices and health markers in adult men

Variables r NC BMI wWC HC HbA1C TGL LDL HDL VLDL
BMI r 714 1
wC r .688** .765%* 1
HC r .656** .694** .800** 1
HbAlc r .051 .027 .070 .027 1
TGL r 177* 157* .147* .398** 1
LDL r 253 .182* 125 .153* 241+ .563** 1
HDL r .062 105 .056 -.007 -.025 .163* 1
VLDL r 172* .143* 120 352 697 A74* .039 1

*. Correlation is significant at the 0.05 level (two-tailed), **. Correlation is significant at the 0.01 level (two-tailed)

lationship between BMI and body size measurements. WC
and HC are strongly correlated with each other (r = 0.800,
p <0.01), which is expected as they both measure aspects of
body size and shape.

Regarding the health markers, HbAlc does not show
significant correlations with any of the anthropometric
indices, suggesting that glycemic control may be influenced
by factors other than body measurements in this population.

However, TGL exhibits significant positive correlations
with NC (r = 0.177, p < 0.05), BMI (r = 0.157, p < 0.05),
and WC (r = 0.147, p < 0.05), implying that higher levels
of TGL are associated with larger NC, BMI, and WC. LDL
is significantly correlated with NC (r = 0.253, p < 0.01),
BMI (r = 0.182, p < 0.05), and HC (r = 0.153, p < 0.05),
suggesting that LDL levels may be influenced by certain
body measurements.

HDL shows a significant positive correlation only
with LDL (r = 0.163, p < 0.05), while VLDL is significantly
correlated with NC (r = 0.172, p < 0.05), BMI (r = 0.143,
p < 0.05), and both TGL (r = 0.697, p < 0.01) and LDL
(r=0.474,p < 0.01).

These findings highlight the complex relationships
between anthropometric indices and cardiometabolic health
markers in adult men. The significant correlations observed,
particularly between NC and measures of overall and central
adiposity; underscore the potential utility of NC as a simple,
non-invasive tool for assessing cardiometabolic risk in this
population. However, further research is needed to establish
the predictive ability of NC and other anthropometric
measures in relation to clinical outcomes.

Discussion

The results of this study provide critical insights into
the age-related changes in anthropometric indices and
their implications for cardiometabolic health in adult men.
A significant increase in neck circumference (NC) and
waist circumference (WC) across age groups highlights the
potential for these measurements to serve as markers of
age-related fat distribution, particularly in upper body and
abdominal regions. The observed rise in NC, from 39.61 +
2.53 cm in the 26-30 years group to 41.20 + 2.63 cm in the
46-50 years group, suggests a shift in fat deposition with age,
possibly due to changes in body composition and adiposity
patterns (Ponti et al., 2020; Kuk et al., 2009). Similarly,
WC showed a marked increase from 89.68 + 12.08 cm to

98.80+9.90 cm, indicating a growing risk of abdominal
obesity as men age, which is a well-established risk factor
for metabolic syndrome and cardiovascular diseases (Goh
& Hart, 2016).

Interestingly, body mass index (BMI) did not show
significant differences across age groups (p = 0.215), despite
the significant changes in NC and WC. This suggests that
BMI, though widely used, may not be sensitive enough to
detect age-related changes in body composition, particularly
in fat distribution. In contrast, NC and WC, which were
found to vary significantly with age (p = 0.008 and p = 0.005,
respectively), could serve as more reliable indicators of health
risks associated with aging in men (Shen et al., 2006; Saka et
al., 2014; Ben-Noun et al., 2001). The lack of variation in
hip circumference (HC) across age groups further supports
this, as HC remained relatively stable, indicating that central
obesity, rather than general body size, may be the more
concerning issue in older men (Whitmer et al., 2008).

The health markers—HbA ¢, triglycerides, LDL, HDL,
and VLDL—did not display statistically significant differences
across age groups, suggesting that age alone may not substan-
tially impact these markers in this population. For example,
HbA1c levels showed minimal fluctuation (p = 0.636), which
implies that glycemic control remains stable across differ-
ent ages, potentially influenced more by factors such as diet,
physical activity, and genetics rather than age alone (Yardley et
al,, 2018). However, the significant correlations between NC,
BMI, WC, and certain health markers, such as triglycerides
and LDL, suggest that as anthropometric indices increase, so
do these cardiometabolic risk factors. Specifically, NC showed
positive correlations with both BMI and WC (r = 0.714 and
r=0.688, respectively), reinforcing the role of NC as a potential
surrogate marker for overall adiposity and cardiovascular risk
(Arias Téllez, 2020; Onat et al., 2009; Androutsos et al., 2012).

The findings from the posthocanalysis further emphasize
the importance of waist circumference in assessing health
risks, as significant differences were found between age
groups, particularly between men aged 26-30 and those
aged 36-40 and above. This highlights the need for targeted
interventions to address abdominal obesity, especially
in older populations where WC is closely linked to increased
risk for metabolic syndrome and cardiovascular diseases
(Després, 2006; Després et al., 2008; Shirai, 2004). In contrast,
NC, while useful, may not be as sensitive to changes within
shorter age intervals, despite showing significant differences
between the youngest and oldest age groups.
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Conclusions

This study underscores the importance of focusing
on NC and WC, rather than solely relying on BMI, for
assessing cardiometabolic health risks in aging men.
These measures, particularly WC, should be considered in
routine health assessments to better identify those who run
the risk of developing abdominal obesity and the related
health consequences. While the stability of key health
markers across age groups suggests that aging alone may
not drive metabolic deterioration, the correlations between
anthropometric indices and certain cardiometabolic markers
highlight the complex interplay between body composition
and health outcomes. To investigate the long-term impacts
of variations in NC and WC on long-term health concerns,
more investigation is necessary.
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3acTocyBaHHA NonepeyHOro aHanisy WoAo BiKOBUX 3MiH
AHTPONOMETPUYHMX NOKA3HUKIB Ta iX B3aEMO3B'A3KY
3 KapgiomeTa60ni4yHUM 340POB'AM Y LOPOC/NX YONOBIKIB

Kanaan I6parim HaBgan'A*“PE, Canppa TiBapi'APCPF,
Canpen TiBapi'*®“"E, Mip Axcan Amp Xak'ABCPE

!Menivicbknit yHiBepcuTeT

ABTOpCHKNMIT BKIAM: A — [U3aiiH HOCTiIKeHHs; B — 36ip ganux; C - crarananis; D - migrotoska pykomucy; E - 36ip xomTis

Pedepar. Crarrs: 10 c., 6 TabmL., 2 puc., 30 mxKeper.

IcTopis muTanHs. BikoBi 3MiHUM aHTPOIIOMETPUYHMX ITOKA3HMKIB Ta X B3a€MO3B 130K 3 MapKepaMi KapAioMeTabomiTHOTo
CTaHy MAIOTb BUpilla/ibHe 3HAYEHHs B KOHTEKCT] pO3yMiHHS PUSMKIB IS 3[0POB sl JOPOCIIUX YOJIOBIKiB.

Merta gocnigkeHHA. MeTa JOCTi/I)KeHH: MOJIATaIA B OLiHI[i BIKOBMX 3MiH aHTPOIIOMETPUYHMX IMTOKA3HUKIB Ta IX KopenAil
3 MapKepaMu 370pOB’sl, a TAKOXX Y BUCTBIT/IEHHI IIOTEHI[ITHNX KapAioMeTabOoMiYHIX PUSNUKIB /IS 3[0OPOB’sI JOPOC/INX YOIOBIKIB.

Marepianu Ta MeTogu. 3aranom 200 4os10BiKiB y Bili Bif 26 5o 50 pokis 3 Hanionanpaoro cronmuyasoro periony (HCP) m. [lerni
(Tapmis) 6y}10 BiffiOpaHO 3a MeTOLOM 6araTOCTyneHeBo'1' paHfioMisalii Ta pO3IOJiTEeH0 Ha 5 BiKOBMX IPYII, KOYKHA 3 AKMX BK/II09asIa
110 40 0ci6. B paMKax 11bOT0 JOC/II/PKeHHs BYBYa/IICA Bapiallil TAKMX ITapaMeTpiB Tila, AK OKPY>KHIcTb cTeron (OC), OKpy>KHICTh
ranii (OT), ingexc macu tina (IMT) ta okpysxaicts mmi (OIII) y pisHuX BIKOBUX IPyIIax, a TAKOX 3B 30K 3a3HAYE€HMX IIOKA3HIKIB
3 TaKMMJ MapKepami CTaHy 37I0pOB’s, K piBeHb ITiKo3mIboBaHoro remornobiny (HbAlc) ra nmimigumit npodinb. AHTpoIOMe-
TPUYHI BUMiPIOBaHHA IPOBOANINCA B CTAHJAPTU30BAHMX YMOBAX, a 3pa3Kyl KPOBi [/I BU3HaYeHHA ITOKa3HMKIB JIiiHOro Ipo-
¢imo Ta HbAlc Bin6upanmcs Hariecepiie. 3 METOI aHali3y JAHMX BUKOPUCTOBYBA/IU OIMCOBY CTATUCTUKY, OFHO(DAKTOPHMIL
mucnepcitauit ananis (ANOVA) Ta xoedinienTn xopensuii ITipcona 3a gonoMororo mporpamMHoro 3abesnedeHHs SPSS.

Pesynbraru. BcraHoBneHo gocToBipHi BikoBi BigminHOCTI B mokasHukax OIII Ta OT, a came: nmigsumienss napamerpis O
339,61 2,53 cm 10 41,20 2,63 cmTa OT 3 89,68 + 12,08 cM 10 98,80 + 9,90 cMm, 1110 BKa3ye Ha TEH/IEHIIIIO JO OXKMPIiHHA LIeHTPab-
Horo tumy. ITokasuuku IMT Ta OC He Manyu 3HaYHMX BifMiHHOCTe! MiX BikoBuMM rpynamu. OfHOCTOPOHHIN AMCHepCiHNIA
aHaJli3 BUABUB CYTTeBI BigMiHHOCTI B mokasHukax OIII (F = 3,586, p = 0,008) ta OT (F = 6,020, p = 0,005). Kopensuii ITlipcoxa
cBiguaTh npo nosutusHe cniBpigHomenHA napamerpis OUI, IMT ta OT 3 piBHAMM TpUITiLepyuiB, TiNONPOTEiaMy HU3bKOI
minprocti (JITTHII) Ta minompoTteigamu fy»xe HusbKoi minpHocti (JITITHIID) (p < 0,05), Toxi sik Ay mokasuuka HbAlc He cro-
CTepiranocs XOTHMX CYTTEBUX KOPeNALIMHNX 3B’A3KiB.

BucHoBku. [loCmimKeHHs MAKPeC/I0e HasABHICTb 3HAYHMX BiKOBMX 30imburens mokasHukis Ol ta OT, mo cBigunuth mpo
HiABUIEHNIT PUSUK a6OMIHAIBHOTO OXXMPIHHS Ta KapAioMeTabOo i YHIX IATOJIOTil y YO/IOBIKiB cTapuoro Biky. MOHiTOpUHT 3a-
3HAYEHNX AHTPOIIOMETPUYHIX TOKA3HUKIB € BXX/IMBUM YMHHIKOM I[OJI0 PAHHBOI JIATHOCTUKI PUSUKIB [/I51 3J0POB’ S JOPOCINX
YOJIOBIKiB.

Kiro4oBi cmoBa: 10pociti 40/10BiKM, aHTPOIIOMETPUYHI TOKAa3HMKY, KapiioMeTabonivHe 350poB s, MMifHMI IPOdi/b, OXKMPIHHSL
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Abstract

Background. In competitive sports, especially basketball, physical attributes such as agility, speed, strength, and

power are crucial for performance.

Objectives. This study aimed to examine the correlation between fat-free mass (FFM), countermovement jump
(CMJ) power, and maximum hamstring force in female basketball athletes, providing insights that could enhance

performance and reduce injury risk.

Materials and methods. This observational cross-sectional study investigates the relationship between fat-free
mass (FFM), power, and maximum hamstring force in 45 female basketball athletes. The Anderson-Darling test for
assessing normality and Spearman’s correlation for non-normally distributed data were used to conduct the study.
Results. Significant correlations were found between FFM and maximum hamstring force in the both right
(r=0.585, p < 0.001) and left legs (r = 0.522, p < 0.001), as well as between (CM]) power and maximum hamstring
force for both legs (right: r = 0.467, p = 0.001; left: r = 0.434, p = 0.003). Additionally, power was significantly

correlated with jump height (r = 0.604, p < 0.001).

Conclusions. These findings suggest that FFM and power are critical determinants of hamstring strength and

explosive performance in female basketball athletes.

Keywords: fat-free mass, hamstring force, power, correlation, female basketball athletes.

Introduction

The level of female participation in basketball has been
on the rise, reflecting growing interest and enthusiasm for
the sport among women. Despite this positive trend, there re-
mains a significant gap between the ideal physical attributes
desired in basketball and the current state of female par-
ticipation. Women in basketball often face several challenges,
including limited access to high-quality training facilities,
societal stereotypes, and less media coverage compared to

© Budijono, A. P, Siantoro, G., Dhenabayu, R., Hartoto, S.,
Kusuma, D. A., Firmansyah, A., Prasetya, M. R. A., & Garcia-
Jimenez, J. V., 2024.
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their male counterparts (Bell et al., 2014). These obstacles can
hinder the development and recognition of female athletes.
Nevertheless, the benefits of participating in basketball for
women are profound. The sport enhances physical fitness,
cardiovascular health, and muscle strength. It also fosters
teamwork, leadership skills, and self-confidence, contribut-
ing significantly to personal and professional growth. Addi-
tionally, the increasing visibility of women’s basketball at the
collegiate and professional levels has created more opportu-
nities for scholarships and careers, encouraging more young
women to pursue the sport seriously (Petridis et al., 2019).
Understanding the factors that contribute to athletic
performance in female basketball players is crucial for opti-
mizing training and reducing injury risks. Data indicates that
specific physical attributes, such as fat-free mass (FFM), coun-
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termovement jump (CM]J) power, and maximum hamstring
force, play pivotal roles in performance outcomes. For exam-
ple, an analysis of WNBA players’ profiles revealed that athletes
with higher CM] power had significantly better performance
metrics (Heishman et al., 2020). Diana Taurasi, one of the top
WNBA players, exhibits exceptional CM] power, which cor-
relates with her ability to achieve high jump heights and explo-
sive movements on the court. This correlation between CM]
power and performance highlights the importance of explo-
sive strength in basketball. Such insights can inform tailored
training regimens focused on enhancing FFM, CM] power,
and hamstring strength, ultimately leading to improved ath-
letic performance and reduced injury risks (Lee et al., 2024).

To enhance the performance and reduce the injury risk
of female basketball athletes, it is essential to conduct com-
prehensive assessments of FFM, CM] power, and maximum
hamstring force. Implementing regular testing and monitor-
ing of these variables can help in developing personalized
training programs that address individual needs and weak-
nesses (Chen et al., 2013). Additionally, improving access to
high-quality training facilities and coaching for female ath-
letes can bridge the gap between current participation levels
and the desired physical attributes for basketball. By lever-
aging scientific insights and tailored training strategies, the
development and success of female basketball players can be
significantly enhanced (Cabarkapa et al., 2023).

In competitive sports, particularly basketball, the physi-
cal attributes of athletes play a crucial role in performance
outcomes. Basketball requires a unique blend of skills, in-
cluding agility, speed, strength, and power, each of which
contributes to an athlete’s ability to perform essential move-
ments such as jumping, sprinting, and rapidly changing di-
rection (Akkoc et al., 2018). Understanding the intricate
relationship between body composition, muscle strength,
and explosive power is essential for optimizing training and
injury prevention strategies tailored to the specific demands
of basketball (Cirillo et al., 2023). This study aims to explore
the correlation between fat-free mass (FFM), countermove-
ment jump (CMJ) power, and maximum hamstring force
in female basketball athletes, providing insights that could
enhance performance and reduce injury risk.

Fat-free mass (FFM), which includes muscle mass, bone
mass, and water content, is a critical determinant of athletic
performance. Higher FFM is associated with greater muscle
strength and power, which are vital for the explosive move-
ments required in basketball, such as jumping, sprinting, and
quick directional changes (Aikawa et al., 2020). Research has
shown that athletes with higher muscle mass exhibit superior
performance in strength and power-related tasks. FFM not
only contributes to physical performance but also plays a
significant role in metabolic health. Higher levels of FFM can
increase the resting metabolic rate, which aids in maintain-
ing optimal body composition and energy levels necessary
for high-intensity sports (Torgutalp et al., 2022). The en-
hancement of FFM through resistance training and adequate
protein intake is a well-documented approach in sports sci-
ence aimed at improving athletic capabilities and reducing
fat mass. This dual benefit makes FFM a key focus in the
training regimens of basketball athletes (Zouita et al., 2023).

The countermovement jump (CM)]) is a widely used mea-
sure of lower body explosive power. It reflects an athlete’s abil-
ity to generate force rapidly, which is crucial for jumping and
sprinting actions in basketball. CM] performance has been
positively correlated with athletic success in various sports,

highlighting its importance as an indicator of explosive power
(Andreyo et al., 2024). Studies have shown that higher CM]
power is associated with improved performance in sprinting
and jumping tasks. CM] power is not only an indicator of explo-
sive strength but also provides insights into the neuromuscular
function of an athlete (Mocanu, 2023). The ability to produce
a high power output during a CM]J requires optimal coordina-
tion between the nervous and muscular systems. This coordi-
nation is essential for executing rapid and forceful movements,
which are common in basketball. Therefore, CM] power serves
as a comprehensive measure of an athlete’s explosive capabili-
ties and overall conditioning (AlSambhori et al., 2023).

Hamstring strength is essential for both performance
and injury prevention in basketball. Strong hamstrings con-
tribute to better sprinting speed, jumping ability, and overall
lower body stability (Ozkan et al., 2024). Moreover, adequate
hamstring strength can reduce the risk of injuries, particu-
larly hamstring strains, which are common in sports that
involve high-speed running and sudden changes in direc-
tion. The hamstrings play a crucial role in deceleration, a fre-
quent action in basketball when athletes must quickly stop or
change direction (Jiang et al., 2023). Given the high incidence
of hamstring injuries in basketball, understanding the factors
that influence hamstring strength is crucial for developing
effective conditioning programs. Hamstring injuries can have
a significant impact on an athlete’s career, often leading to
prolonged periods of inactivity and rehabilitation. Therefore,
identifying the relationship between hamstring strength and
other physical attributes such as FFM and CM] power can
help in designing targeted interventions to enhance perfor-
mance and reduce injury risk (Palma-Mufioz et al., 2021).

Female athletes often exhibit different muscle distribu-
tion and strength characteristics compared to their male
counterparts. These differences can influence how body
composition and power translate into athletic performance.
Exploring these factors in female athletes can provide valu-
able insights for coaches and trainers who aim to optimize
training programs specifically for women (Torgutalp et al.,
2022). This study aims to fill this gap by exploring the cor-
relation between FFM, CM] power, and maximum ham-
string force in female basketball athletes. Identifying these
relationships is essential for developing targeted training
interventions that enhance performance and reduce the risk
of injury. By understanding how FFM and power contribute
to hamstring strength, coaches and trainers can design more
effective conditioning programs that address the specific
needs of female basketball players (Nikolaidis et al., 2015).

This study aims to fill this gap by exploring the cor-
relation between FFM, CM]J power, and maximum ham-
string force in female basketball athletes. Identifying these
relationships is essential for developing targeted training
interventions that enhance performance and reduce the risk
of injury. By understanding how FFM and power contribute
to hamstring strength, coaches and trainers can design more
effective conditioning programs that address the specific
needs of female basketball players.

Materials and Methods

Study Participants

This cross-sectional observational study involved 45 fe-
male basketball athletes aged 16.5 + 1.1 years. The mean body
weight of the participants was 57.7 + 9.4 kg, their mean height
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was 163.8 + 7.0 cm, and their mean body mass index (BMI) was
21.4 £ 2.6. These athletes were selected from four teams that
had reached the semifinal phase of a competitive tournament.

Study Organization

Body Composition Measurement: Body composition,
including fat-free mass (FFM), was measured using
bioelectrical impedance analysis (BIA). The purpose of
using BIA was to accurately determine the athletes’ FFM,
which is essential for understanding their physical makeup.

Physical Performance Assessment: Countermovement
Jump (CM]J) Power, CM] power was measured using a force
plate to capture jump height and calculate power output.
This assessment aimed to evaluate the explosive power of
the athletes. Maximum Hamstring Force, this was evaluated
using an isokinetic dynamometer, which provided detailed
measurements of hamstring muscle strength. This method
was used to assess the maximum force generation capacity
of the hamstring muscles.

Research Procedures and Algorithm: Selection of
participants from the semifinal teams, measurement of body
composition using BIA. Assessment of CM] power using a
force plate. Evaluation of maximum hamstring force using
an isokinetic dynamometer.

Statistical Analysis

Normality Test: The Anderson-Darling test was used
to test the normality of the data. This test was chosen to
determine whether the data followed a normal distribution,
which is a prerequisite for many statistical analyses.

Correlation Analysis: Since the data were not normally
distributed, Spearman’s correlation coefficient was employed
to analyze the relationships between FFM, CMJ power, and
maximum hamstring force. Spearman’s correlation is suitable
for non-normally distributed data as it assesses the strength
and direction of the association between two ranked variables.

Software and Data Presentation: All data analyses were
conducted using MINITAB version 21 software. Scatter
plots were used to visually present the data and illustrate the
correlations between the measured variables.

Results

The data analysis identified significant positive correla-
tions between fat-free mass (FFM) and maximum hamstring
force for both the right leg (r = 0.585, p < 0.001) and the left
leg (r = 0.522, p < 0.001). This indicates that individuals with
higher FFM tend to exert greater maximum force in their
hamstrings. Furthermore, countermovement jump (CM])
power showed significant positive correlations with maximum
hamstring force for the right leg (r = 0.467, p = 0.001) and the
left leg (r = 0.434, p = 0.003), suggesting that greater leg power
is associated with stronger hamstrings. Lastly, a strong posi-
tive correlation was observed between CM] power and jump
height (r = 0.604, p < 0.001), indicating that higher power
output during a jump is associated with increased jump height.

The data above shows that there is a correlation between
fat-free mass (FFM) and maximum hamstring muscle
strength with a correlation value of 0.52 and a p-value < 0.001.

The data above shows that there is a correlation
between countermovement jump (CM]) and maximum left
hamstring muscle strength with a correlation value of 0.43
and a p-value < 0.003.
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Fig. 2. Correlations Power CM]J and Max Force Hamstring (L)

The data above shows that there is a correlation between
countermovement jump (CM]J) and maximum right
hamstring muscle strength with a correlation value of 0.46
and a p-value < 0.001.
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Fig. 3. Correlations Power CM] and Max Force Hamstring (R)
The data above shows that there is a correlation between

countermovement jump (CM]) power and jump height
ability with a correlation value of 0.6 and a p-value < 0.001.
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Fig. 4. Correlations Power CM]J and Jump Height (Both)

Discussion

The findings of this study underscore the importance
of fat-free mass (FFM) and power in enhancing hamstring
strength and explosive performance among female
basketball athletes. The significant correlation between
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FFM and maximum hamstring force highlights the role
of muscle mass in generating force. This is consistent with
previous research demonstrating that greater muscle mass
contributes to higher force production capabilities (Jiang
et al., 2023). FFM, which includes muscle mass, bone mass,
and other non-fat tissues, is critical in force generation
because muscles are the primary drivers of movement and
force production (Campos et al., 2023).

The significant correlations between countermovement
jump (CM]J) power and maximum hamstring force for both
legs further emphasize the link between explosive power and
muscle strength. CMJ power, a measure of an individual’s
ability to generate force quickly, is crucial for activities re-
quiring rapid movements and high force output (Bell et al.,
2014). This measure is particularly important in sports like
basketball, where athletes frequently need to jump, sprint,
and change directions quickly. The positive correlations sug-
gest that individuals with greater power output also possess
stronger hamstrings, which can be beneficial for athletic per-
formance, particularly in sports requiring explosive lower
body movements (Brumitt et al., 2013). This supports the no-
tion that training to improve power can have direct benefits
on strength, contributing to better performance in dynamic
sports scenarios (Annino et al., 2017).

Moreover, the strong correlation between CM]J power
and jump height illustrates the impact of power on vertical
jump performance. Higher power output enables individuals
to achieve greater jump heights, a key performance indicator
in various sports (Chen et al., 2013). This relationship
highlights the importance of power training for athletes
aiming to improve their jump performance. Jump height is
not only crucial for basketball but also for other sports like
volleyball, soccer, and track and field, where explosive lower
body movements are essential for optimal performance
(Cuthbert et al., 2021). Effective power training can include
plyometric exercises that focus on explosive movements,
thereby improving the neuromuscular adaptations necessary
for enhanced jump performance (Heishman et al., 2020).

These results have practical implications for training
programs,emphasizing the need for strength and conditioning
protocols that enhance FFM and power to improve athletic
performance and reduce injury risk. Training programs
that focus on increasing muscle mass and enhancing power
output can lead to stronger hamstrings and improved jump
performance, which are critical for basketball athletes (Palma-
Muioz et al., 2021). Strength and conditioning protocols
should incorporate exercises targeting muscle hypertrophy
and explosive power to maximize performance gains. For
instance, plyometric exercises such as box jumps, squat
jumps, and depth jumps can significantly enhance explosive
power. Resistance training, particularly focusing on the lower
body with exercises like squats, deadlifts, and leg presses, can
increase muscle mass and strength, thereby improving overall
athletic performance (Nikolaidis et al., 2015). Additionally,
incorporating eccentric training, which emphasizes the
lengthening phase of muscle contraction, can be beneficial
for increasing muscle strength and reducing injury risk.

Future research should investigate longitudinal changes
in these parameters and their impact on performance and
injury prevention in a broader athletic population. Long-
term studies could provide deeper insights into how sustained
improvements in FFM and power influence overall athletic
performance and reduce the risk of hamstring injuries, which

are common in sports (McCaskie et al., 2023) requiring
explosive movements. Understanding the long-term effects
of training interventions can help in designing more effective
strength and conditioning programs tailored to the specific
needs of athletes, thereby enhancing performance and
minimizing injury risks over the course of an athlete’s career
(AlSamhori et al., 2023). Such research could also explore
the optimal training volumes and intensities needed to
maximize gains in muscle mass and power while minimizing
the risk of overtraining and injury (Gerodimos et al., 2023).

Conclusions

This study highlights the critical role of fat-free mass
(FFM) and power in enhancing hamstring strength and
explosive performance among female basketball athletes.
The significant positive correlations between FFM and maxi-
mum hamstring force indicate that greater muscle mass
contributes to higher force production capabilities in the
hamstrings. Similarly, the strong correlations between coun-
termovement jump (CM]) power and both maximum ham-
string force and jump height underscore the importance of
explosive power in muscle performance and overall athletic
ability. These findings have practical implications for design-
ing strength and conditioning programs tailored to female
basketball athletes. Emphasizing protocols that enhance FFM
and power can lead to stronger hamstrings, improved jump
performance, and reduced injury risk. Specifically, incorpo-
rating exercises that target muscle hypertrophy and explosive
power will be beneficial in maximizing athletic performance.

Future research should focus on longitudinal studies
to explore how sustained improvements in FFM and power
influence performance and injury prevention across a broader
athletic population. Understanding these relationships over
time will provide deeper insights into optimizing training
interventions and enhancing the long-term health and
performance of athletes. In summary, this research provides
valuable insights into the biomechanical factors that influence
performance in female basketball athletes. By targeting
FFM and power in training programs, coaches and trainers
can significantly improve their athletes’ strength, explosive
capabilities, and overall athletic performance, ultimately leading
to better outcomes on the court and a reduced risk of injuries.
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Bu3HaueHHA KopensAuii NOKa3HMKIB 6e3)XnpoBoi macu
TiNa, NOTY>KHOCTi Ta MaKCMManbHOI CUNN NiAKONIHHOIO
CYXOXKWUJINA Y CNOPTCMEHOK-6acKkeT60MicTOK

Arynr IIpimxo Bygimkono'48PE, Tirix Ciantopo'4*“P, Picka [lena6aro’“P,

Ceriiio XaproTo'®*"%, Tonni Apai Kycyma'4®P, ABanr ®@ipmanma'4*<P,
Myxammap Pesa Asis I[Ipacer’s*P, Xoce B. lapcia-Ximenec**“?

'Cypabaiicbkuii lep>kKaBHUI YHIBEpCUTET
*Hanionanbanit yniBepcuter imeni Yenra Kynra
*YuiBepcuret Mypcii

ABTOpPCHKMIT BKIAJ: A — Am3aiiH gocmipkenHs; B — 36ip ganux; C - crarananis; D — migroroska pykormucy; E — 36ip komtis

Pedepar. Crarts: 6 ., 4 puc., 24 mxeperna.

IcTopis muTaHHA. Y 3Mara/ibHUX BUJIAX CIIOPTY, 30KpeMa B 6ackeT001i, PisudHi AKOCTI, AK-OT CHPUTHICTD, MIBUAKICTD, C1/Ia
Ta IOTY>KHICTb, € BUSHAYa/IbHUMI YMHHUKAMMU JI/IS1 JOCATHEHHS Pe3y/IbTaTUBHOCTI.

Mera gocmimkeHHs. MeTa [OC/Ii/KeHHs [TO/IsATaa y BUBYEHHI KOpesLil MiX okasHnkamu 6e3xuposoi macu (BJXM) rina,
HOTY)XHOCTI BEPTUKAIBHOTO cTpubKa 3 KoHTppyxoM (BCK) Ta MakcuMaabHOI Citu MiZKOTIHHOTO CYXOXKM/UIA y CIIOPTCMEHOK-
6ackeTOOMICTOK, 110 CIPUATIME MiBUIIEHHIO PiBHA Pe3ylIbTaTUBHOCTI Ta 3HIDKEHHIO PUSVMKY TPaBMYBaHHI.

Marepianu Ta MeTopu. Y 11bOMy 00CepBaLilIHOMY IIOIIepEeYHOMY HOCIIPKeHHI BUBYAaBCS B3a€EMO3B A30K MX IIOKa3HMKaMM
6esxuposoi Macu (BJXM) Tisa, HOTY>KHOCTI Ta MaKCMMAa/IbHOI CMIHU HIAKOTIHHOTO CYXOXIUIA Y 45 ClopTCMeHOK-6ackeTOosTic-
TOK. 3 METOI0 IPOBEJEHHS JOC/II/PKEHH BUKOPUCTOBYBa/I KPUTEPiii AHfepcoHa-/lapinra /i OLiHKM HOPMa/IbHOCTI PO3IOfi-
7Ty BEIMYMH Ta PaHTOBY Kopensanito CripMeHa 11 HEeHOPMa/TIbHO PO3NOJiIEHNX JAHNUX.

PesynbraTu. BcTaHOB/IEHO 3HAUHI KOPEALiHI 3B'A3KM MDK ITOKasHMKaMu 6e3)XKMpoBoi Macy Tila i MakcuMaabHOI CHIIN
migKomiHHOTO CyXoXXummA npasoi (r = 0,585, p < 0,001) i nisoi Horu (r = 0,522, p < 0,001), a TAaKO>X MiXK ITIOTY>KHICTIO BepPTUKA/Ib-
HOTO CTpMOKa 3 KOHTPPYXOM i MaKCHMAJIbHOKO CHIOI0 IiIKOMIHHOTO CyXOXKIULA Iyt 060X Hir (mpasa: r = 0,467, p = 0,001; niBa:
r = 0,434, p = 0,003). Kpim Toro, MoKa3HUK IOTYXHOCTi CYTTEBO KOPE/I0OBaB 3 BUCOTO cTpubKa (r = 0,604, p < 0,001).

BucnoBku. OTpumaHi gasi cBif4aTh npo Te, 110 TOKAZHUKNI 6e3>1<1/1p030'1' MacH Tila i IOTY>KHOCTi € BUPIilIa/IbHNMM YMHHI-
KaMU, [0 BU3HAYAIOTb CUTY HiKOTIHHOTO CYXOXKMIULA Ta BUOYXOBY IIPOAYKTUBHICTD Y CHOPTCMEHOK-6acKeTOO/CTOK.

KirouoBicmosa: 6es>xupoBaMacaTina, CHIamigKOMi HHOTO CYXOXK IS, IOTY>KHICTh, KOPEIALis, CIOPTCMEHK M -6acKe TO OTTICTKIA.
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Abstract

Background. Biomotor ability is essential for elite tennis players, as it significantly contributes to increased efficiency,

responsiveness and overall performance on the court.

Objectives. This study aimed to assess and measure the biomotor abilities of elite tennis players, examining both
national and international levels, and focusing on their physical and motor performance.

Materials and methods. The research involved a cross-sectional study of a total of 28 tennis players; among them,

15 were national players, and the remaining 13 were international players who served as subjects. The study focused
on assessing eight key biomotor abilities: arm-shoulder strength and endurance, static muscular endurance, grip
strength, power, speed, agility, and flexibility. Each test was conducted using appropriate equipment and standardized
procedures, ensuring accurate score recording for analysis. The data was gathered at Super Shots Tennis Academy
and Punjabi Bagh Club in Delhi, India. The statistical analysis involved calculating descriptive statistics (mean and
standard deviation) and conducting an independent t-test to determine significance. The analysis was performed

using SPSS Version 25, with a significance level of 0.05.

Results. The independent t-test comparing the biomotor abilities of international and national tennis players
showed no significant differences in pull-ups, push-ups, speed, agility, or flexibility (p > 0.05). However, significant
differences were found in wall squat hang, vertical jump, and hand grip strength (p < 0.01), with international players

demonstrating superior performance.

Conclusions. In conclusion, the study reveals notable differences in certain biomotor abilities between international
and national players, especially in static muscular endurance, explosive leg power, and hand grip strength. The findings
suggest that national tennis players implementing targeted strength and power exercises, along with specialized
endurance training, may exhibit enhanced overall biomotor abilities and improved on-court performance.

Keywords: biomotor abilities, strength and endurance, elite tennis player, motor performance.

Introduction

In the competitive world of tennis, an athlete’s success
depends not only on technical skill and strategy but also
on key biomotor abilities. Tennis has evolved into a highly
dynamic and explosive sport, characterized by its increasing
physical demandsand the speed of strokesand serves (Kovacs,
2007; Fernandez-Fernandez et al., 2009). This evolution

©  Singh, P, Kumar, D., Morya, M., Singh, R., & Rahman, M. H.,
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has led to a significant shift in the focus of physical fitness
training, which now aims to enhance physiological potential
and develop biomotor skills essential for peak performance
on the court (Radu, 2023). The intricate interplay of various
biomotor qualities, particularly those related to strength is
crucial for optimal performance in tennis, influencing critical
aspects such as footwork and explosive strokes (Genevois,
2019; Dobos et al., 2021; Lambrich & Muehlbauer, 2022).
Central to understanding athletic performance in
any sport is the concept of biomotor abilities—physical
attributes that enable athletes to execute movements
effectively. These abilities encompass strength, speed,
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endurance, agility, flexibility, and coordination, each playing
a pivotal role depending on the sport (Bompa & Haff, 2009).
In tennis, strength and speed are particularly important,
while endurance, agility, and coordination are equally
critical for sustained high-level performance (Zatsiorsky &
Kraemer, 2006). The assessment of these abilities is essential
for evaluating an athlete’s physical fitness, identifying areas
for improvement, and determining effectiveness in sports
competition (Baj-Korpak et al., 2022). Athletes’ performance
and well-being are heavily shaped by their physical fitness,
with motor fitness playing a crucial role in the development
of game-specific strategies and tactics (Reza et al., 2024).

Tennis, as a globally cherished sport, integrates skill,
strategy, and athleticism, appealing to players and enthu-
siasts of all ages and abilities. Achieving excellence in ten-
nis requires rigorous training regimens that include com-
prehensive assessments of both general and tennis-specific
motor skills (Alexandru & Lorand, 2015; Reid et al., 2013).
The growing field of sports science has become a crucial
resource, offering evidence-based strategies to optimize ath-
lete performance and minimize injury risks (Dewanti et al.,
2019; Kovacs, 2007). Within this context, biomotor abilities
such as strength, agility, endurance, and coordination are
particularly significant (Junaidi, 2018; Fernandez-Fernan-
dez etal., 2014). Understanding how these abilities influence
tennis performance is crucial for enhancing player potential
and guiding effective training methodologies (Yapici et al.,
2018; Roetert & Ellenbecker, 2007). A comprehensive lit-
erature review revealed a significant relationship between
physical motor abilities—such as muscle strength, endur-
ance, speed, agility, and balance—and the enhancement of
tennis performance skills (Nugroho et al., 2024).

One key aspect of tennis-specific training is the emphasis
on early strength development, which plays a vital role
in shaping musculoskeletal health. This holistic approach
underscores the importance of balancing joint flexibility
and muscular strength, especially in a sport that involves
repetitive, high-intensity movements (Tsao et al., 2022;
Cools et al., 2014; Ellenbecker & Roetert, 2003). A well-
rounded fitness and flexibility training program enhances
muscle strength, flexibility, and coordination, which not
only lowers the risk of injury during training or competition
but also increases range of motion (Rebecca, 2020; Rahman
& Islam, 2020). For instance, the shoulder’s range of motion

Table 1. Characteristics of the subjects

is a critical factor in both performance and injury prevention
in tennis (Chang & Qiu, 2022; Kibler & Safran, 2005).
Additionally, to enhance hamstring strength and prevent
injury, the hamstring curl is among the most effective
exercises for increasing hamstring flexibility (Islam et al.,
2024). Consequently, in-depth research into tennis-specific
biomotor abilities aims to uncover the intricate relationship
between physical fitness and on-court proficiency, providing
valuable insights for tailored training interventions (Yapici
et al., 2018; Reid et al., 2010).

Despite extensive research on general biomotor
attributes like strength, agility, and endurance, there is
a notable gap in assessing and comparing these abilities
between national and international tennis players. The
specific differences between players at varying competitive
levels remain underexplored. This study aims to evaluate
and compare the key biomotor abilities of national and
international tennis players, identifying areas where national
players may lag or excel. The findings will offer insights
for targeted training interventions, ultimately enhancing
player development and elevating tennis standards through
evidence-based strategies.

Material and Methods

Subjects

Twenty-eight (n = 28) elite tennis players who have
competed professionally were selected as subjects for the
study. Among them, 13 were international players, and the
remaining 15 were national players. Data collection was
carried out at two selected sports academies or clubs in
Delhi, India: R. K. Khanna Tennis Stadium and Super Shots
Tennis Academy, Punjabi Bagh Club. The following Table 1
indicates (Mean + SD) that the international and national
players are relatively close in terms of mean values across all
variables, with no statistically significant differences.

Variables and Criterion Measures

The study selected the following eight essential biomotor
variables for assessment: strength, strength endurance, grip
strength, power, speed, agility, and flexibility. Each test
was conducted with proper equipment and standardized

Variables Groups Mean Std. Deviation Sig.
International 13 20.85 3.31

Age (yr) 0.25
National 15 19.23 3.92
International 13 172.50 14.88

Height (cm) 0.55
National 15 169.46 11.12
International 13 73.54 6.65

Weight (kg) 0.01
National 15 66.40 7.35
International 13 25.15 4.42

Body mass index (kg/m?) 0.29
National 15 23.40 4.06
International 13 10.38 2.60

Training experience (yr) 0.16
National 15 8.73 343
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Table 2. Variables and criterion measures

Variables Test items Unit of measure
Arm Strength Pull up Number (n)
Arm Strength and
Endurance Push up Number (n)
Static Muscular
Endurance Wall Squat Hang ~ Second (s)
Leg Power Vertical Jump Centimeter (cm)

. Hand Grip .

Hand Grip Strength Dynamometer Kilogram (kg)
Speed 20 m Sprint Second (s)
Agility T-Drill Second (s)
Flexibility Sit and Reach Centimeter (cm)

procedures, with scores accurately recorded for analysis.
This approach aimed to ensure a systematic and scientific
assessment of biomotor abilities in elite tennis players.

Test Procedure

The upper body strength endurance test evaluates
the endurance of the triceps, pectoral, and deltoid muscles
through push-ups. Players perform as many push-ups as
possible in one minute, maintaining proper form, with
the score being the total number of correct push-ups
(Hashim et al., 2018; Adams et al., 2022). In the pull-up test,
participants begin with arms fully extended and shoulders
flexed for 2 seconds. A valid rep requires the upper jawline to
pass above the bar, returning to the starting position without
swinging or kipping (Bartolini, 2022; Coyne et al., 2015).
The wall squat test measures quadriceps endurance. Players
slide into a 90° sitting position against a wall, lifting one
foot 5 cm off the ground and holding it as long as possible.
The score is the time each foot remains elevated (Mackenzie,
2005; Fukuda, 2019). Grip strength is tested using a
dynamometer. Players squeeze it as tightly as possible while

Table 3. Descriptive statistics of bio-motor abilities

moving their arm through a 90° arc, with the best score out
of three attempts recorded for each hand (Lupton-Smith
et al., 2022; Rahman & Sharma, 2023). The agility T-test
assesses a player’s ability to change direction quickly through
a T-shaped course, recording the best time out of three trials
(Pauole et al., 2000; Miller et al., 2006; Sassi et al., 2009).
The sit-and-reach test measures lower back and hamstring
flexibility. Players reach forward from a seated position, with
the distance reached beyond the toes recorded as the best of
three trials (Wells & Dillon, 1952; Holt et al., 1999; Baltaci
et al., 2003). The vertical jump test measures leg power by
having players jump and mark the highest point they reach
on a wall (Whitmer et al., 2015; Klavora, 2000). Finally, the
20-meter sprint test measures speed and acceleration, with
the best time out of three attempts recorded (Liu et al., 1992;
Alikhajeh et al., 2012). The researchers and their assistants
conducted all tests, ensuring both consistency and accuracy
throughout the study.

Statistical Analysis

The collected data were analyzed using both descriptive
and inferential statistical methods. Descriptive statistics,
such as the mean and standard deviation (SD), were used,
and inferential analysis included conducting an independent
sample t-test to assess significance levels. The Shapiro-Wilk
test confirmed normal distribution, and Levene’s test equality
of variances. The study utilized SPSS Version 25 for analysis,
with a significance threshold set at 0.05.

Results

The following Table 3 presents the descriptive statistics
(mean and SD) of biomotor abilities, while Figure 1 shows
that, on average, international tennis players have higher
mean values compared to national tennis players.

Table 4 presents the results of independent sample
t-tests comparing the biomotor abilities of international
and national tennis players. For the pull-up, push-up, speed,

Variables Groups n Mean Std. Deviation Std. Error Mean
International 13 6.69 4.25 1.18
Pull up )
National 15 5.67 4.08 1.05
International 13 26.23 8.06 2.24
Push up .
National 15 23.67 11.15 2.88
International 13 44.23 11.38 3.16
Wall Squat Hang :
National 15 14.67 7.48 1.93
. International 13 19.30 2.42 0.67
Vertical Jump i
National 15 16.08 3.73 0.96
. International 13 31.38 6.42 1.78
Hand Grip Strength )
National 15 15.44 5.25 1.35
International 13 3.45 0.35 0.10
Speed )
National 15 3.62 0.56 0.15
> International 13 11.48 0.58 0.16
Agility )
National 15 12.16 1.41 0.36
o International 13 6.18 2.35 0.65
Flexibility .
National 15 4.65 2.49 0.64
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Table 4. Independent sample t-test of biomotor abilities

. Std. error . i
Items Groups Mean difference difference t df Sig. (2-tailed)
International
Pull up . 1.03 1.58 0.65 25 0.52
National
International
Push up . 2.56 3.64 0.70 25 0.49
National
International
Wall Squat Hang ) 29.56 3.70 7.99 20 0.00*
National
. International
Vertical Jump ) 3.22 1.18 2.74 24 0.01%
National
. International
Hand Grip Strength i 15.94 2.24 7.13 23 0.00%
National
International
Speed . 0.67 0.40 0.98 24 0.34
National
o International
Agility : 0.67 0.40 1.70 19 0.11
National
International
Flexibility . 1.53 0.92 1.67 26 0.11
National

*. Significant at 0.05 level

45 —e— Intemational
-~ National

Variables

Fig. 1. Comparison of mean biomotor abilities

agility, and flexibility tests, no significant differences were
found between groups: t,5y=0.65,p=0.52;t(5 =0.70, p=0.49;
toy = 0.98, p = 0.34; tyy = 1.70, p = 0.11; and tug =1.67,
p = 0.11, respectively. However, significant differences were
observed in the wall squat hang, t, = 7.99, p = 0.00; vertical
jump, toy = 2.74, p = 0.01; and hand grip strength, t3) = 7.13,
p=0.00, indicating superior performance by the international
players. The results indicate significant differences in specific
biomotor abilities between international and national
players, particularly in wall squat hang, vertical jump, and
hand grip strength, at a significance level of 0.05.

Discussion

In the present study, as indicated in Table 4, significant
differences were observed in hand grip strength, wall squat
hang, and vertical jump. However, no significant differences
were found in other strength variables, speed, agility, and
flexibility. This finding is consistent with existing research,
which presents a mixed view regarding differences in
fitness abilities across various sports. For instance, research
highlights that elite international male tennis players tend

to exhibit superior leg power compared to their national
counterparts. National level male tennis players average a
vertical jump height ofapproximately 54 cm, while elite players
typically achieve higher jump heights. This demonstrates
enhanced explosive strength and power in their lower
limbs (Farrow, 2013). In a study comparing international
and national female tennis players, significant differences
in functional asymmetries, particularly in lower extremity
tests, were found. Nationally ranked players displayed greater
asymmetry, whereas international players exhibited better
symmetry and balance in their lower body strength. This is
crucial for optimal performance in the dynamic and reactive
environment of tennis (Chapelle et al., 2022). These findings
align with previous studies, such as those by Kovacs (2007)
and Fernandez-Fernandez et al. (2009), which emphasize the
increasing physical demands of tennis, particularly the need
for enhanced strength and explosiveness.

Additionally, a study by Ulbricht et al. (2016) compared
young tennis players at different performance levels (regional
vs. national teams), revealing significant differences in grip
strength and 20-meter sprint times. Similarly, research on
tennis players in the U12, U14, and U16 age groups found sta-
tistically significant differences in motor skills, particularly in
tests like the 20-meter shuttle run, countermovement jump,
and squat jump. These abilities tend to improve progressively
with age, reflecting the increasing competitive demands at
each performance stage (Barbaros et al., 2023). Moreover,
Tamara et al. (2013) highlighted differences in motor abilities
among Serbian national female tennis players in various age
categories. Players aged up to 16 excelled in power and speed
tests, while those up to 12 performed best in coordination-
related tasks, influenced by their growth and training levels.

Training interventions like plyometric exercises can
improve leg power and vertical jump performance (Thomas
et al., 2009; Singh et al., 2024), while resistance training
enhances grip strength (Thomas et al., 2008). Endurance
exercises, such as wall squat hangs, effectively build both
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upper and lower body strength and improve muscular
endurance (Goldberg et al., 1994; Cho, 2013). Developing
these biomotor skills not only boosts performance but also
reduces injury risks from inadequate strength or endurance
(Tsao etal., 2022; Ellenbecker & Roetert, 2003). Additionally,
exercises like foot taps, jumping squats, lunges, and chin-
ups significantly enhance agility, strength, and sport-specific
skills (Fenta & Mola, 2023).

In summary, these studies highlight the critical role
of physical conditioning in elite tennis, emphasizing how
strength, endurance, power, speed, agility, and coordination
progressively develop and distinguish players across different
performance levels

Conclusions

In conclusion, the study found that international tennis
players outperformed national players in static muscular
endurance, explosive leg power, and hand grip strength.
No significant differences were observed in pull-ups, push-
ups, speed, agility, or flexibility. Targeted training in these
key areas can help national players improve their biomotor
abilities and overall performance, consequently enabling
them to become elite international tennis players. Further
research is needed to determine how these variables relate to
performance success in elite tennis.

Acknowledgment

The authors express their gratitude to all participants
who contributed to the study.

Conflicts of Interest

The authors declare no conflicts of interest.

References

Kovacs, M. S. (2007). Tennis physiology: training the
competitive athlete. Sports medicine (Auckland,
N.Z.), 37(3), 189-198.
https://doi.org/10.2165/00007256-200737030-00001

Fernandez-Fernandez, J., Sanz-Rivas, D., & Mendez-
Villanueva, A. (2009). A review of the activity profile and
physiological demands of tennis match play. Strength ¢
Conditioning Journal, 31(4), 15-26.
https://doi.org/10.1519/SSC.0b013e3181adalcb

Radu, I. A. (2023). Improving the muscle strength of the
lower limbs in junior tennis. In E. Soare, & C. Langa
(Eds.), Education Facing Contemporary World Issues
- EDU WORLD 2022, vol 5. European Proceedings of
Educational Sciences (pp. 732-740). European Publisher.
https://doi.org/10.15405/epes.23045.73

Genevois, C. (2019). The importance of aerobic fitness for tennis: a
review (part 1). ITF Coaching & Sport Science Review, 27(79),
20-22. https://doi.org/10.52383/itfcoaching.v27i79.79

Dobos, K., Novak, D., & Barbaros, P. (2021). Neuromuscular
fitness is associated with success in sport for elite female,
but not male tennis players. International Journal of
Environmental Research and Public Health, 18(12), 6512.
https://doi.org/10.3390/ijerph18126512

Lambrich, J., & Muehlbauer, T. (2022). Physical fitness and
stroke performance in healthy tennis players with
different competition levels: A systematic review and
meta-analysis. PLOS ONE, 17(6),e0269516.
https://doi.org/10.1371/journal.pone.0269516

Bompa, T. O., & Haff, G. (2009). Periodization: theory and
methodology of training. 5th ed. Leeds: Human Kinetics.

Zatsiorsky, V. M., & Kraemer, W. J. (2006). Science and Practice
of Strength Training. Human Kinetics.

Baj-Korpak, J., Stelmach, M. ., Zaworski, K., Lichograj, P,
& Wochna, M. (2022). Assessment of motor abilities
and physical fitness in youth in the context of talent
identification-OSF test. International Journal of
Environmental Research and Public Health, 19(21), 14303.
https://doi.org/10.3390/ijerph192114303

Reza, M. N., Rahman, M. H., Islam, M. S., Mola, D. W,, &
Andrabi, S. M. H. (2024). Assessment of motor fitness
metrics among athletes in different sports: An original
research. Physical Education Theory and Methodology,
24(1), 47-55. https://doi.org/10.17309/tmfv.2024.1.06

Alexandru, M.A., & Lorand, B. (2015). Motor behavior
and anticipation - A pilot study of junior tennis
players. Procedia - Social and Behavioral Sciences, 187,
448-453. https://doi.org/10.1016/j.sbspro.2015.03.084

Reid, M. M., Duffield, R., Minett, G. M., Sibte, N., Murphy,
A. P, & Baker, J. (2013). Physiological, perceptual, and
technical responses to on-court tennis training on hard
and clay courts. Journal of Strength and Conditioning
Research, 27(6), 1487-1495.
https://doi.org/10.1519/JSC.0b013e31826caedf

Dewanti, R. A, Tarigan, B., & Budiana, D. (2019). Needs
analysis of the application of sport science to improve
physical condition of junior tennis athletes. In 3rd
International Conference on Sport Science, Health, and
Physical Education (ICSSHPE 2018) (pp. 47-50). Atlantis
Press. https://doi.org/10.2991/icsshpe-18.2019.13

Junaidi, J. (2018). Biomotor Ability profile of indonesian male
rugby athletes for Asian Games 2018. In International
Seminar on Public Health and Education 2018 (ISPHE
2018) (pp. 67-71). Atlantis Press.
https://doi.org/10.2991/isphe-18.2018.15

Fernandez-Fernandez, J., Ulbricht, A., & Ferrauti, A. (2014).
Fitness testing of tennis players: How valuable is
it?. British Journal of Sports Medicine, 48 Suppl 1(Suppl 1),
i22-i31. https://doi.org/10.1136/bjsports-2013-093152

Yapicy, A, Bacak, C., & Celik, E. (2018). Relationship between
shooting performance and motoric characteristics,
respiratory function test parameters of the competing
shooters in the youth category. European Journal of
Physical Education and Sport Science, 4(10), 113-124.
https://doi.org/10.46827/ejpe.v0i0.1933

Roetert, P., & Ellenbecker, T. S. (2007). Complete conditioning
for tennis. Human Kinetics.

Nugroho, D., Syaifullah, R., Sabarini, S. S., Liskustyawati,
H., Putro, B. N., & Jariono, G. (2024). Evaluating the
impact of training techniques and physical performance
on the development of court tennis drive stroke skills:
A literature review. Physical Education Theory and
Methodology, 24(4), 657-666.
https://doi.org/10.17309/tmfv.2024.4.19

901



ISSN 1993-7989. elSSN 1993-7997. ISSN-L 1993-7989. Physical Education Theory and Methodology. Vol. 24, Num. 6

Tsao, J. P, Liu, C. C., & Chang, B. E (2022). Application of the
motor abilities assessment as part of a talent identification
system in tennis players: A pilot study. International
journal of environmental research and public
health, 19(15), 8963.
https://doi.org/10.3390/ijerph19158963

Cools, A. M., Palmans, T., & Johansson, F. R. (2014). Age-
related, sport-specific adaptions of the shoulder girdle
in elite adolescent tennis players. Journal of Athletic
Training, 49(5), 647-653.
https://doi.org/10.4085/1062-6050-49.3.02

Ellenbecker, T., & Roetert, E. P. (2003). Age specific isokinetic
glenohumeral internal and external rotation strength in
elite junior tennis players. Journal of Science and Medicine
in Sport, 6(1), 63-70.
https://doi.org/10.1016/s1440-2440(03)80009-9

Rebecca. (2020). The importance of physical fitness. Medical
Associates of Northwest Arkansas. Retrieved August 2,
2024. From https://mana.md/the-importance-of-
physical-fitness/

Rahman, M. H., & Islam, M. S. (2020). Stretching and
flexibility: A range of motion for games and sports.
European Journal of Physical Education and Sport Science,
6(8), 22-36. https://doi.org/10.46827/ejpe.v6i8.3380

Chang, C. W,, & Qiu, Y. R. (2022). Constructing a gaming
model for professional tennis players using the c5. 0
algorithm. Applied Sciences, 12(16), 8222.
https://doi.org/10.3390/app12168222

Kibler, W. B., & Safran, M. (2005). Tennis injuries. Medicine
and sport science, 48, 120-137.
https://doi.org/10.1159/000084285

Islam, M. S., Rahman, M. H., Mola, D. W,, Adane, A. K., &
Pramanik, T. N. (2024). Nordic hamstring curls are a
remedy for hamstring muscle injury: A narrative review.
International Journal of Human Movement and Sports
Sciences, 12(4), 692-698.
https://doi.org/10.13189/52j.2024.120411

Reid, M., McMurtrie, D., & Crespo, M. (2010). Title: The
relationship between match statistics and top 100 ranking
in professional men’s tennis. International Journal of
Performance Analysis in Sport, 10(2), 131-138.
https://doi.org/10.1080/24748668.2010.11868509

Hashim, A., Ariffin, A., Hashim, A. T., & Yusof, A. B.
(2018). Reliability and validity of the 900 push-ups test
protocol. International Journal of Scientific Research and
Management (IJSRM), 6(06).
https://doi.org/10.18535/ijsrm/v6i6.pe0l

Adams, M. M., Hatch, S. A., Winsor, E. G., & Parmelee, C.
(2022). Development of a standard push-up scale for

college-aged females. International journal of exercise
science, 15(4), 820-833. https://doi.org/10.70252/X1J14089

Bartolini, L. (2022). Detailed analysis of the pull-up exercise.
Research Methods in Exercise Science: Research Proposal
Posters. 108.
https://digitalcommons.gardner-webb.edu/exercise-
science-research-proposal-posters/108

Coyne, J. O, Tran, T. T., Secomb, J. L., Lundgren, L., Farley, O.
R., Newton, R. U., & Sheppard, J. M. (2015). Reliability
of pull up & dip maximal strength tests. The Journal of
Australian Strength and Conditioning, 23(4), 21-27.

Mackenzie, B. (2005). 101 Performance Evaluation Tests.
Electric Word plc, London

Fukuda, D. H. (2019). Assessments for sport and athletic
performance. Human Kinetics; Champaign, IL, USA.
https://doi.org/10.5040/9781492595243

Lupton-Smith, A., Fourie, K., Mazinyo, A., Mokone, M.,
Nxaba, S., & Morrow, B. (2022). Measurement of
hand grip strength: A cross-sectional study of two
dynamometry devices. The South African Journal of
Physiotherapy, 78(1), 1768.
https://doi.org/10.4102/sajp.v78i1.1768

Rahman, M. H., & Sharma, J. P. (2023). An assessment of
maximal isometric hand grip strength and upper body
explosive strength and endurance in various ball sports.
Physical Education Theory and Methodology, 23(6), 932-
939. https://doi.org/10.17309/tmfv.2023.6.16

Pauole, K., Madole, K.D., Garhammer, J.J., Lacourse, M.G.,
& Rozenek, R. (2000). Reliability and validity of the t-
test as a measure of agility, leg power, and leg speed in
college-aged men and women. Journal of Strength and
Conditioning Research, 14, 443-450.
https://doi.org/10.1519/00124278-200011000-00012

Miller, M. G., Herniman, J. J., Ricard, M. D., Cheatham, C. C.,
& Michael, T. J. (2006). The effects of a 6-week plyometric
training program on agility. Journal of Sports Science &
Medicine, 5(3), 459-465.

Sassi, R. H., Dardouri, W,, Yahmed, M. H., Gmada, N.,
Mahfoudhi, M. E., & Gharbi, Z. (2009). Relative
and absolute reliability of a modified agility T-test
and its relationship with vertical jump and straight
sprint. Journal of Strength and Conditioning
Research, 23(6), 1644-1651.
https://doi.org/10.1519/JSC.0b013e3181b425d2

Wells, K. E, & Dillon, E. K. (1952). The sit and reach—A
test of back and leg flexibility. Research Quarterly.
American Association for Health, Physical Education and
Recreation, 23(1), 115-118.
https://doi.org/10.1080/10671188.1952.10761965

Holt, L. E., Pelham, T. W., & Burke, D. G. (1999).
Modifications to the standard sit-and-reach flexibility
protocol. Journal of Athletic Training, 34(1), 43-47.

Baltaci, G., Un, N,, Tunay, V., Besler, A., & Gergeker, S. (2003).
Comparison of three different sit and reach tests for
measurement of hamstring flexibility in female university
students. British Journal of Sports Medicine, 37(1), 59-61.
https://doi.org/10.1136/bjsm.37.1.59

Whitmer, T. D,, Fry, A. C,, Forsythe, C. M., Andre, M. ], Lane,
M. T,, Hudy, A., & Honnold, D. E. (2015). Accuracy of a
vertical jump contact mat for determining jump height
and flight time. Journal of Strength and Conditioning
Research, 29(4), 877-881.
https://doi.org/10.1519/JSC.0000000000000542

Klavora, P. (2000). Vertical-jump tests: A critical review.
Strength and Conditioning Journal, 22(5), 70-75.
https://doi.org/10.1519/1533-4295(2000)022<0070:VJTA
CR>2.0.CO;2

Liu, N. Y., Plowman, S. A., & Looney, M. A. (1992). The
reliability and validity of the 20-meter shuttle test in
American students 12 to 15 years old. Research Quarterly
for Exercise and Sport, 63(4), 360-365.
https://doi.org/10.1080/02701367.1992.10608757

Alikhajeh, Y., Rahimi, N. M., Fazeli, K., & Fazeli, H. (2012).
The effect of different warm up stretch protocols
on 20m-sprint performance in trained soccer

902



Singh, P, Kumar, D., Morya, M., Singh, R., & Rahman, M. H. (2024). Evaluating Key Biomotor Abilities: A Comparison between National
and International Elite Tennis Players

players. Procedia-Social and Behavioral Sciences, 46, 2210-

2214. https://doi.org/10.1016/j.sbspro.2012.05.456

Farrow, D. (2013). Fitness play-off: How tennis stars
compare with other athletes. The Conversation.
Retrieved September 5, 2024.
From https://theconversation.com/fitness-play-oft-how-
tennis-stars-compare-with-other-athletes-11644

Chapelle, L., Bishop, C., Clarys, P., &D’Hondt, E. (2022).
International vs. national female tennis players: a
comparison of upper and lower extremity functional
asymmetries. The Journal of Sports Medicine and Physical
Fitness, 62(7), 944-952.
https://doi.org/10.23736/S0022-4707.21.12482-X

Ulbricht, A., Fernandez-Fernandez, J., Mendez-Villanueva, A.,
& Ferrauti, A. (2016). Impact of fitness characteristics on
tennis performance in elite junior tennis players. Journal
of Strength and Conditioning Research, 30(4), 989-998.
https://doi.org/10.1519/JSC.0000000000001267

Barbaros, P, Dudasek, B., Milanovi¢, D., Sanjug, S., &
Gali¢, M. (2023). Measuring and assessing motor
skills of selected Croatian U12, U14 and U16 tennis
players. Frontiers in Physiology, 14, 1241847.
https://doi.org/10.3389/fphys.2023.1241847

Tamara, K., Ivana, B., & Vladimir, K. (2013). Motor abilities
of young female tennis players of the national team of

Serbia. Facta universitatis. Series physical education and
sport, 11(1), 93-102.

Thomas, K., French, D., & Hayes, P. R. (2009). The effect of two

plyometric training techniques on muscular power and

agility in youth soccer players. Journal of Strength and
Conditioning Research, 23(1), 332-335.
https://doi.org/10.1519/JSC.0b013e318183a01a

Singh, L. S., Singh, W. J., Azeem, K., Meitei, N. M., & Mola, D.
W. (2024). Concept of plyometric training and its effect
on physiological parameters of football players. Physical
Education Theory and Methodology, 24(4), 609-618.
https://doi.org/10.17309/tmfv.2024.4.13

Thomas, E. M., Sahlberg, M. E., & Svantesson, U. (2008).
The effect of resistance training on handgrip strength in
young adults. Isokinetics and Exercise Science, 16(2), 125-
131. https://doi.org/10.3233/IES-2008-0307

Goldberg, L., Elliot, D. L., & Kuehl, K. S. (1994). A comparison
of the cardiovascular effects of running and weight
training. The Journal of Strength ¢ Conditioning
Research, 8(4), 219-224.
https://doi.org/10.1519/00124278-199411000-00003

Cho, M. (2013). The effects of modified wall squat exercises
on average adults’ deep abdominal muscle thickness
and lumbar stability. Journal of Physical Therapy
Science, 25(6), 689-692.
https://doi.org/10.1589/jpts.25.689

Fenta, B. G., & Mola, D. W. (2023). Effect of eight-week
callisthenics exercise on selected physical fitness quality
and skill performance in handball. Jurnal SPORTIF:
Jurnal Penelitian Pembelajaran, 9(3), 550-566.
https://doi.org/10.29407/js_unpgri.v9i3.21335

OuiHKa KNnio4oBMX NOKa3HMKiIB 6ioMmoTopHuX 3gi6HOoCTen: MopiBHANBHUIA
aHani3 MiXK eNniTHUMM TeHiCMCTaMKn HaLiOHaNIbHOIO Ta Mi>KHapPOAHOrO pPiBHIB

HpaTaM CiHerABCDE, HxapMaHI[ep KyMaplABCDE, MOXiT MOPHIABCDE,

Pima6x Cinrx'A5PE, Mp. lamipyp Paxman?ACPE

!Neniitcbknit yHiBepcUTET
*[IxaopcpKuit yHiBepCUTeT HAyKU i TeXHOJIOTIN

ABTOpCHKNMIT BKIAJ;: A — nu3aiis gocnipkenHs; B — 36ip ganux; C - cratananis; D - migroroska pykomucy; E - 36ip komrris

Pedepar. Crarrs: 8 c., 4 Tab., 1 puc., 56 mKeper.

Icropia nuranHa. bioMoTopHa 34i0HICTb Ma€e BaXX/IMBe 3HAUEHHsI [/Is1 TEHICUCTIB BUCOKOI KBayiikaiii, OCKi/IbKI 3a3Hade-
HUIT YMHHUK CYTTEBO CIPUAE MiABNUIIEHHIO e(eKTUBHOCTI, IIBUAKOCTI peakIiii Ta 3aranbHiil pesy/IbTaTUBHOCTI Ha KOPTi.

Merta pocnigxeHHsa. MeTa IIbOro TOCTi/[KeHH NOJATa/Na B OLiHII Ta BMMipIOBaHHI TOKa3HUKIB 6iOM0TopHMX 3mibHOCTEN
eTiTHMX TeHICUCTIB AK Ha Hal[iOHAJIbHOMY, TaK i Ha M>KHapOJHOMY PiBHAX, 3 aKI[eHTOM Ha (isMYHY Ta PyXOBY pe3y/IbTaTUBHICTDb

IpaBIIiB.

MaTepiaJm Ta METOOM. Hpe;[CTaBneHa HayKoOBa ITpanAa nepen6aqana IIpOBENEHHA IIOIIEPEIHOTO JIOCHi,Z[)KeHHH 3a y4acTio

28 TeHicucTis, cepen Akux 15 Oy rpaBLsAMYU HAaLliOHA/JIBHOTO PiBHS, @ pelITa 13 — MDKHApOIHMMM IPABLSMY, SIKi BUCTYIAIN
B AKOCTi BUITPOOOBYBaHMX 0cib. J[JocmimKeHHs 60 30CcepeKeHO Ha OLiHI[i BOCbMU K/IIOYOBMX MOKa3HMKIB 610MOTOPHUX 3[i-
6HOCTEI: CUIN Ta BUTPUBAJIOCTI PYK i I/Ievelt, CTaTUYHOI M’ A30BO1L BUTPUBAJIOCTI, CUJIM XBaTYy, TOTY>KHOCTI, INBUJKOCTIi, CIIPUT-
HOCTI Ta rHy4KocTi. KoXkeH TecT MpOBOAMBCA 3 BUKOPUCTAHHAM BiANIOBIZHOrO O6MajjHAHHSA Ta CTAaHAAPTU30BAHNX IIPOLEAYP,
3abe3nevyoun TOYHy (iKcallilo pesy/IbTaTiB 3 METOIO OJA/IBIIOrO aHali3y. 30MpaHHs AaHMX IPOBOANIOCS B TeHICHIi akageMil
“Super Shots Tennis Academy” ta ki1y6i “Punjabi Bagh” y micti Jeni, Inpis. CratucTudHmit aHasi3 BK/II0YaB PO3PaxyHOK ONICOBOI
CTATUCTUKY (CepelHE 3HaYeHHA Ta CTAH/IAPTHE BiIXMJICHHA) Ta IPOBE/IeHHA METOAMKI 3aCTOCYBaHHA t-KpUTEPilo /1A Hesasex-
HMX BUOIPOK 3 METOI0 BUSHAUEHHs 3HAYYLIOCTI. AHaIi3 IIPOBOAMBCA 32 JOIOMOIOI0 IIporpaMHoro 3abesmedeHHsa SPSS Bepcii 25
3 piBHeM sHavymocTi 0,05.

PesynbraTu. T-xpurepiit 11 Hesa/leXXHUX BMOIPOK, 3a SAKMM IOpPiBHIOBa/mM 6i0MOTOpPHI 31i6HOCTI TeHicKUCTiB MibKHapoa-
HOTO Ta HalliOHa/IbHOTO PiBHiB, He BUABUB JOCTOBIPHMX BifIMiHHOCTEN Y HaCTYNHMX MOKa3HMKAX: MiITATYBaHHA, BiPKMMaHHS,
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IIBUAKICTD, CHIPUTHICTD Ta THYYKicTh (p > 0,05). OpHak crioctepiramics 3Ha4YHi BIIMIHHOCT] y BUKOHAHHI IIPUCiIaHb 3 OIIOPOI0
Ha CTiHY, BepTUKaIbHOMY CTpUOKY Ta culi KucTboBoro xsary (p < 0,01), se MDKXHapojHi TpaBIi IPOJEMOHCTPYBAIN KpaILy
Pe3ynbTaTUBHICTD.

BucnoBku. OTxe, IpoBefieHe TOCTIKEHH BUABIIO HOMITHI BITMIHHOCTI Y IeBHMX 610MOTOPHMX 34160HOCTAX MIX IPaBIs-
M MDKHAPOJHOTO Ta HAalliOHAJIbHOTO PiBHIB, 0COOMMBO Y IOKa3HMKaX CTaTUYHOI M’5130BOI BUTPUBAJIOCTI, BM6yXOBo'1' CVJIM HIT Ta
CUIM KUCThOBOTO XBary. OTpuMaHi faHi CBif4aTh PO Te, IO TEHICUCTY HALliOHAIbHOTO PiBHSA, AKi BUKOHYIOTb Li/leCIPAMOBaHI
CUJIOBi BIIPaBM B IOEJHAHHI 3i CIellia/i30BaHNMM TPEHYBaHHAMM Ha BUTPUBAJICTh, MOXYTb IIPOJEMOHCTPYBATH IOMINIIEHHSA
3ara/IbHVX IIOKa3HMKiB 6i0MOTOPHMX 31i0HOCTEI!, @ TAKOX ITifIBUIIEHHS PiBH:A Pe3y/IbTaTUBHOCTI Ha KOPTi.

Kirouosi croBa: 610MOTOpHI 31i0HOCTI, Ci/ta i BUTPUBAIICTB, eTiTHUII TEHICUCT, PyXOBa pe3y/IbTaTUBHICTD.
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Abstract

Objectives. The study aimed to test an agile monitoring tool to correlate physical activity levels for the 2 target age

groups of school education with energy consumption.

Materials and methods. The sample consisted of 42 students, divided into two age-based groups: between 5 and
8 years of 24 and between 13 and 16 years of 18. Both were administered the adapted International Physical Activity
Questionnaire (IPAQ), comprising ten questions, the first of which distinguished active athletes from others

» «

participants. The remaining nine questions were divided into sections: “intense activities’, “moderate activities’, and
“walking only”. The data on the amount of physical activity undertaken in the past seven days were converted to
energy expenditure through the evaluative unit of Metabolic Equivalent of Task (MET).

Results. For subjects between 5-8 years who were active in sports, the weekly average was 3355.2 METs, with 1577 for
intense activities, 1617 for moderate activities, and 159.7 for walking. Among subjects in the 13-16 years age group
who were active in sports, the weekly average was 3799.5 METs, with 3376 for intense activities, 577.6 for moderate
activities, and 529.9 for walking. For the same age group who were not engaged in sports activity, the weekly average
was 594.5 METs, with 20 for intense activities, 360 for moderate activities, and 214.5 for walking.

Conclusions. The findings show that it is possible to use the physical activity monitoring tool proposed in the study,

with the measurement of METs.

Keywords: caloric consumption, metabolic equivalent of task, questionnaire.

Introduction

Daily caloric consumption is defined as a measure of the
amount of energy an individual uses during daily activities
(Taylor & Keys, 1950). It is considered a key element in the
common understanding of physical activity levels (Shock,
1972). This is confirmed by the introduction of compulsory
teaching of physical education by the teacher with a master’s
degree in exercise science to bring down the levels of

© Ceruso, R., Giardullo, G., Di Lascio, G., Cusano, P, &
Sannicandro, L., 2024.
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overweight and obesity in the Italian population (Cole et
al., 2000; D’Isanto, 2019; Raiola et al., 2018). This measure
was reinforced with the strengthening of physical education
and sports with the reinstatement of the Youth Games.
In addition, the educational and social value of physical
activity, as well as its psychophysical effects for proper health
education and psychophysical well-being, has been included
in the Italian Constitution (Gazzetta Ufficiale, 2022). The age
variable is crucial in school education to better understand
physical activity levels (Raiola, 2017). This is especially
important during the first cycle of elementary school and
the first cycle of secondary school (Raiola, 2020). During
these periods, children and adolescents may develop habits
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related to physical activity that will influence their daily lives.
It is essential to gain knowledge about these levels during
these stages of growth, as this can have a significant impact
on their life habits and future health (Taylor et al., 2014).
Numerous studies have amply demonstrated the importance of
practicing physical activity (Chatzipanteli et al., 2015; Pethkar
et al., 2010; Esposito, 2024) accompanied by the already
expected evidence on the educational function of movement
(Raiola, 2019). In fact, such studies show that physical activity
produces positive effects on those who practice it on a physical
level, having beneficial effects on the cardiovascular system,
preventing hypertension, helping to control weight (Beunen
et al, 1981). Understanding, even superficially, caloric
consumption is not limited to static assessment, but requires
continuous monitoring in the context of daily activities
and, therefore, should be introduced into school education
(Aliberti, 2023). A dynamic and timely assessment of energy
consumption is essential to combat sedentariness and to initiate
accurate identification analyses (Raiola, 2015; Raiola, 2014).
The study of caloric expenditure is also crucial for developing
personalized, evidence-based weight management strategies
(Castro et al,2020; Fischer & Johnson, 1990). In scientific
literature, no agile tools are found that allow monitoring of
calorie expenditure because of congruous physical activity for
the purpose of mental and physical well-being as indicated by
the World Health Organization (WHO) and recently included
in the Italian Constitution.

Purpose of the research — The main objective of this study
is to test a new agile monitoring tool that is efficient and
flexible to establish a correlation between physical activity
levels and energy consumption. This tool will be applied
to two target age groups in school education, thus enabling
a detailed overview of childrens and adolescents’ physical
activity habits.

Table 1. Questionnaire

Materials and Methods

Study Participants

Forty-two students participated in the study, divided
into two groups according to their age group: between
the ages of 5 and 8 composed of 24 units, corresponding to
the early years of primary school education, and between
the ages of 13 and 16 composed of 18 units, corresponding
to the early years of secondary school education. The sample
was selected randomly.

Study Organization

A questionnaire was developed, adapting a version of
the International Physical Activity Questionnaire (IPAQ) for
the purpose. The latter’s main objective is to assess the type
and frequency of physical activity performed during the last
week of the subject under study. Due to the age of the sample,
for both the 5-8 age group and the 13-16 age group, the re-
sponses are made by the parents of the study participants. It
contains ten questions, the first being useful in creating a di-
vision between those who play sports and those who do not.
The next four questions have been divided into two different
sections. In the “intense activity” section. In the “intense
activity” section, subjects were asked whether they had en-
gaged in intense physical activity in the past seven days and
for how many minutes. Intense activity is defined as that type
of activity that involves high physical exertion that forces
breathing at a much higher rate than normal. In the moder-
ate activity section, subjects were asked whether they had
engaged in moderate physical activity in the past seven days
and for how many minutes Moderate physical activity is de-
fined as that type of activity that involves moderate physical

Questions

Answers

Do you practice sports? (Practicing sports is defined as engaging in structured

sports activity for at least 2 days a week of 1h 30min each)

-Yes
-No

1A) In the past 7 days, on how many days did you engage in intense

1B)

2A)

2B)

3A)

3B)

3C)

4A)

4B)

physical activities such as sports training, aerobic activities such as
running or bicycling at high speed?

How much time in total did you normally spend performing intense
physical activities on any of these days:

For how many days in the past 7 days did you engage in moderate
physical activities, such as playing in the park, riding a bicycle at a
regular speed?

How much time in total did you normally spend doing moderate
physical activities on any of these days?

In the last 7 days, how many days did you walk for at least 10 minutes?

Consider any walking for a move from one place to another
How long in total did you normally walk on any of these days?

At what pace did you predominantly walk?

In the past 7 days, how much time in total did you spend sitting during

a weekday?

In the past 7 days, how much time in total did you spend sitting during

a weekend day?

(Indicate the number of days, if the answer is zero go
to question 2)

(Indicate the number of minutes)

(Indicate the number of days. Do not consider walks)

(Indicate the number of days)

(Indicate number of days per week, if zero go to
question 4th)

(Indicate number of minutes)

-Intense pace
-Moderate pace
-Slow pace, without any change in respiratory rate

(Mean time spent at school, at home on the couch,
at the table) Give the number in hours.

(Indicate the number of hours)
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exertion and only partially forces breathing at a higher rate
than normal. Once the type and amount of physical activity
performed by the subjects surveyed had been analyzed, in
the “walking” section we proceeded to investigate whether
they had walked for at least 10 minutes in the past seven
days, meaning it as moving from one place to another, and
in the case of an affirmative answer they were asked how
many minutes in a day they had walked. The last question
was about the sustained pace in walking, slow, moderate or
intense. The last section of the questionnaire, called “sitting
activity;” on the other hand, concerns the hours participants
spent sitting on any of the weekdays, for example, hours
spent at school and hours spent sitting on any of the week-
end days. All this is shown in Table 1.

Once the questionnaire is administered, the results
are analyzed using the International Physical Activity
Questionnaire (IPAQ) interpretation table, which is used to
understand whether a subject is:

o Active: performs an optimal amount of physical

activity;

o Sufficiently active: performs sufficient physical

activity to maintain physical well being;

« Inactive: does not engage in sufficient physical

activity to maintain good health.

The table is based on the Metabolic Equivalent of Task
(METs), useful values for quantifying the energy consumed
during physical activity; one MET corresponds to 1 Kcal per
kg body per hour. Through mathematical formulas physical
activity energy consumption divided by resting energy
consumption, the METs that each individual consumes
during intense, moderate physical activity and in walking
are calculated. The sum of these METs gives the total weekly
energy consumption. If the total weekly METs is less than 700,
the individual is found to be inactive; if it is between 700 and
2519 METs, the individual is considered sufficiently active;
if it exceeds 2520 METs, the individual is classified as active
or very active. If the total is less than 700 Met: INACTIVE.
If the total is between 700 and 2519 Met: SUFFICIENTLY
ACTIVE. If the total is more than 2520 Met: ACTIVE OR
VERY ACTIVE. This is summarized in Table 2.

Table 2. METs (Metabolic Equivalent of Task) Table,
interpretation of the questionnaire

METs (Metabolic Equivalent of Task) Table, interpretation of
the questionnaire

Met intense activities = minutes * days * 8 Met
Met moderate activities = minutes * days * 8 Met

Met activity walk = minutes * days * 3 if moderate, *3.3 if intense,
*2.5 if slow

Total Met = Met activities together + Mett activites moderate + Met
walks =...

Statistical Analysis

Descriptive statistics was used in data analysis to
examine mode, mean, median and standard deviation.
It was verified that the data had an approximately normal
distribution. Statistical processing was conducted using
SPSS statistical software, ensuring accurate and detailed
analysis of the results.

Results

From the analysis of the results, it was found that to
the first question, that is, ‘Do you practice sports?’ 66.6 %
of the respondents practice sports, 33.4% do not as shown
in Table 3. In terms of numbers out of 42 participants
28 subjects practice sports and the remaining 14 do not.

Table 3. Percentage sportsmen and non-sportsmen

Percentage sportsmen Age group Age group

and non-sportsmen Total sample 5-8 years 13-16
% Athletes 66.6 90 46
% Not athletes 334 10 54

In the “intense activities” section to the question
regarding physical activity that was performed intensively
in the subject’s last 7 days, considering only the answer “0,”
the percentage of individuals who did not perform it stands
at 18.8 %. When analyzing the total minutes that individuals
spent performing intense physical activity, it is found that
the average value is 110 minutes, in a range from 90 to
130 minutes, with only 4 individuals performing intense
activity for less than this range, which is 75 minutes, and
only two individuals performing activity for 180 minutes,
exceeding the previously mentioned range. Going to analyze
the “moderate activity” section, all participants say they have
done moderate physical activity in the past 7 days, 14.3 %
say they did it for only one day while only 9.5% did it for
7 days. The average number of days on which moderate
physical activity was done in the last 7 days is 3.5 days.
Next, the total minutes devoted to moderate activity was
analyzed. The peak number of minutes recorded for a single
individual is 240. The average number of minutes spent in
moderate physical activity is 77.4. In the “walking” section
32 individuals, or 76.2% of respondents say they have
walked for at least one day in the past 7 days. 25 % walked
for 3 days, 12.5% walked only one day, and 18.8 % walked
every day. Respondents in 33.3 % indicated that they walked
within a day for a total of 20 minutes, 13.3 % for 15 minutes.
The highest figure corresponds to 75 minutes, time spent by
6.7 % i.e., two individuals. The average number of minutes
spent walking is 26.6 minutes total. The last question in
the “walking” section was analyzed by the pace at which
individuals did their walking. 0% voted intense pace, while
68.8 % indicated walking at a slow pace and 31.3% at a
moderate pace. The last data that was analyzed concerns
the total time an individual spent sitting on a weekday in the
last 7 days, the figures that appear most, indicated by 19 %
respectively are 7 hours, 8 hours and 10 hours. The average
time spent sitting is 6.8 hours per day. On a weekend day,
19% of respondents reported sitting for a total of 4 hours
and 6 hours, fashion data. The average number of hours
individuals spent sitting on a weekend day is 5 hours.
Analyzing the totality of the sample taken, the average METs
consumed in intense activities is 1485.7 METs weekly, the
average METs consumed in moderate activities is 950.8,
while in walking on average 255.9 METs are consumed
in a week. The average METs that are consumed in total
is 2691.5 weekly. Considering only the class of those who
practice sports in the 5-8 years age group, the average METs
consumed in intense activities is 1577, METs consumed in
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Table 4. Calculation of the average METs

Calculation of the

Age group 5-8 years

Age group 5-8 years  Age groupl13-16 Age group 13-16

L I Total sample Oy G who (:I(,)OI:.(:: play years So;gr[iaying yea;;aw;l;; (;ir(:snot
Mean METs att. Intense 1485.7 1577 0 3376 20
Mean METs moderate att. 950.8 1617 360 577.6 360
Mean METs walk 255.9 159.7 0 529.9 214.5
Mean METs total 2691.5 3355.2 360 3799.5 594.5

Table 5. Percentage of active and inactive subjects

Percentage of active and inactive
8 Total sample

Practice sports

Not practice Age group 5-8 Age group 13-16

subjects sports years old years old
%inactive 23.8 0 100 0 100
%Suf. active 19 50 50 50 50
%Super active 57.2 100 0 58.3 41.6

moderate activities is 1617, and the average METs consumed
in walking, on the other hand, is 159.7. Finally, the
average total METs that are consumed in a week is 3355.2.
For the class of those who play sports in the 13-16 range,
the average of METs consumed in intense activities is 3376.
The average of METs consumed in moderate activities is
577.6, the average of METs consumed in walking 529.9.
The average of total METs consumed in a week is 3799.5. In
the 13/16 range, the average METs consumed by nonsports
people in intense activities is 20, in moderate activities is
360. The average METs that are consumed in walking 214.5.
Finally, the average total METs consumed over a week is
594.5. This can be seen in Table 4.

In the 42 subjects surveyed as a whole, 23.8 %, are
found to be inactive; on the other hand, 19 % are found to
be sufficiently active, while the remainder, 57.2 % are found
to be very active. 100% of those who are inactive do not
play sports and are in the 13-16 age group. The percentage
of those who are sufficiently active is divided 50 % between
those who play sports and those who do not. The percentage
of those who are found to be very active and play sports is
100 %. All this can be noticed in Table 5.

Table 6 shows the percentage increase in the consumption
of METs that occurs in the 13-16 age group compared to
the 5-8 age group, considering only those who participate
in sports. Total METs, consumed in intense, moderate
and walking activities, are considered. In intense activities
the increase in METs is 114 %, in moderate activities
-179.9 %, in walking 107 %, and finally in the total account
of METs consumed in a week the increase is 13.2 %.

The total METs consumed in one week in the 13-16 age
group by those who play sports is 3204.5 greater than those

Table 6. Percentage increase in the consumption of METS

Percentage increase in the

e ) In the 13-16 athletes

Increment % METs att.intense 114
Increment % METs att.moderate -179.9
Increment % METs walk 107
Increment % METs total 13.2

who do not play sports. In the analysis of METs consumed in
intense activities, the difference stands at 3356 METs in favor
of those who play sports. In moderate activities, on the other
hand, those who play sports consume an average of 217.6
METS more than those who do not. Finally, in walking,
the difference is 315.4 METs in favor of those who practice
sports. This has been reported in Table 7.

Table 7. Total METs consumed in a week

Total METs consumed in a week

Mean difference METs consumed in intense att. 3356

Mean difference METs consumed in moderate attitudes  217.6
Mean difference METs consumed in walking 315.4
Mean difference METs consumed 3204.5

In the 13-16 age group, there is a 500 % increase in those
who do not participate in sports compared to the 5-8 age
group. Finally, the average hours individuals spend sitting
on weekdays and holidays was analyzed. The analysis shows
that on weekdays children in the 5-8 age group who play
sports on average sit 7.1 hours compared to 8 hours for those
who do not play sports, while on holidays those who play
sports on average sit 3.6 hours; those who do not play sports
10 hours. In the 13-16 age group, those who play sports on
weekdays sit an average of 7.2 hours, compared to 8.1 hours
for those who do not play sports, while on holidays those
who play sports on average sit 4.4 hours; those who do not
play sports 7 hours. As demonstrated in Table 8.

Table 8. Mean hours sitting

Mean hours Age5/8 Age5/8 Agel3/16 Age13/16
sitting Sportyes Sportno Sportyes Sportno
Mean hours sitting 7.1 8 7.2 8.1
on weekdays
Mean hours sitting 3.6 10 44 7
on holydays
Discussion

Two age groups were considered in the results section:
individuals between 5 and 8 years old and individuals
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between 13 and 16 years old. The data collected shows
that about 60 % of individuals in these age groups practice
sports regularly, a result in line with what was reported
in the ISTAT surveys. This finding is also reflected in the
sample surveyed, where 66.7 % of respondents say they play
sports. The WHO guidelines recommend intense physical
activity of at least 60 minutes a day for at least three days
a week for these age groups, flanked by moderate activity
on the other four days (D’Elia et al., 2019). However, only
33.3% of respondents engage in intense activity according
to these guidelines, although the total duration of physical
activity exceeds the requirement set by the WHO for the
entire sample. As for moderate activities, all participants
report doing them, but the average number of days devoted
to them is slightly lower than recommended by the WHO.
The latter also emphasizes the health benefits of walking
at a moderate pace, recommending at least 30 minutes
a day on all days of the week. However, only a minority
of respondents say they walk every day, with the average
amount of time spent on walks not fully meeting WHO
guidelines (D’Elia, 2020). An analysis of METs consumed
in various activities shows that individuals who participate
in sports tend to consume significantly more than those
who do not, in all age groups considered. In particular,
there is a significant increase in METs consumed in the
13-16 age group compared to the 5-8 age group, with the
exception of moderate activities. In the 5-8 year age group,
in intense activities, sports children consume 1577 METs
weekly compared to 0 for those who do not participate in
sports. The value 0 is also found in the METs consumed by
those who do not participate in sports in the walk analysis.
Sportsmen consume 159.7 METs per week by walking.
In moderate activities, sportsmen consume 1617 METs,
those who do not participate in sports 360. Comparing the
total METs that are consumed by those who play sports
and those who do not play sports will show that those who
play sports consume 9.32 times the METs of those who do
not play sports in a week. Even in the age group of 13- to
16-year-olds, the basic thesis would seem to be confirmed.
In fact, on average in intense activities, those who practice
sports consume 3376 METs weekly compared to 20 METs
consumed by those who do not. The METs consumed in
moderate activities also confirm this, 577.6 is the average
METs that sportsmen consume weekly, only 360 on the other
hand are consumed by those who do not practice sports. In
walking, those who play sports consume 529.9 METs, while
those who do not practice sort consume 214.5, less than
half. In tallying the total METs consumed on average in a
week, the trend is confirmed in that sportsmen in the age
group 13-16 consume an average of 3799.5 METs compared
to 594.5 for those who do not practice. The difference is as
much as 3205 weekly METs. We now consider data regarding
METs consumed only by those who participate in sports,
comparing those consumed by subjects in the 5-8 range and
subjects in the 13-16 range. In the tally of METs spent on
average in the intense activities, in those in walking, and in
the total calculation of the week, it will be possible to see a
marked increase in METs consumed in the adolescent group
compared to the preadolescent group. Only in moderate
activities will the METs consumed decrease, from 1617 in
the 5-8 range to 577.6 in the 13-16 range. Finally, there is
an increase in time spent sitting on holidays compared to

weekdays, with a more pronounced difference between those
who play sports and those who do not, especially in the 5-8
age group.

Conclusion

The study investigated the importance of caloric
consumption as a key indicator for assessing physical
activity levels, focusing on two age groups in developmental
age. It was found that a defined agile monitoring tool can be
effective in assessing physical activity measured in METs.
This is evident from the results that provided insight into
whether a subject was inactive, sufficiently active, or very
active. However, the sample size is a limitation that requires
expansion. Nevertheless, the study indicates potential
opportunities in the field of tracking and monitoring physical
activity, thus contributing to the effectiveness of school
education on mental and physical health and well-being.
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Mopenb MOHITOPUVHrY (pi3NYHOT aKTUBHOCTI B KOHTEKCTI
BMMipIOBaHHA BiANOBIAHOCTI PiBHA WOTMKHEBOI PiSNYHOI
aKTMBHOCTI BUMoOram BcecBiTHbOI opraHisauii oxopoHun 340poB’sa
woao ¢pisnyHoro 6narononyyus Ta cTaHy 340poB’A

Posapio Yepyso'*ABPE, [Txysenme [xkapmymno?AB<PE, Ikysenme [1i JTammo"*ABCPE,
ITomminio Kyzano'A*“PE, Itano CaHHikaHgpo*ABCPE

'"Tenematnanmit yaisepcutet Ileraco

*YuiBepcuteT Beponn

*YuiBepcurer Pomxa

ABTOpPCHKMIT BKIAJ: A — Am3aitH gocnipkenHs; B — 36ip ganux; C — crarananis; D — migroroska pykormucy; E — 36ip komrtis

Pedepar. Crarts: 7 c., 8 Tabn., 21 mxepert.

Merta focnifkeHHa. MeTa 11bOro JOCTI/PKEHHS MO/IATaa B IepeBiplli BUKOPUCTAHHA THYYKOTO iHCTPYMEHTY MOHITOPMHIY
IIOZI0 KOpesALil piBHIB (i3N4HOI aKTUBHOCTI /1A 2 II/TbOBMX BIKOBUX IPYII LIKi/IBHOI OCBITI 3 €HEPTOCIIOKMBAHHSIM.

Marepianu Ta MmeTogu. Bubipka ckinamanacs 3 42 Y4HIB, pO3JIi/IeHMX Ha /IBi BiKOBi rpymm: 24 oco6u BikoM Bif 5 10 8 pokiB
Ta 18 oci6 BikoM Bif 13 0 16 poki. O60M rpymam 6y/10 3aIpoIIOHOBAHO afjalITOBaHNiI MKHApOIHMUIT ONMTYBaNIbHMUK (isnaHOl
akruHOCTI (“International Physical Activity Questionnaire”, IPAQ), 1110 BK/II04YaB ZecsTb 3alUTaHb, IEpIIe 3 IKUX JaBaIO 3MOTY
BifIpi3HUTM aKTMBHUX CIIOPTCMEHIB Biff iIHIIMX y4acHUKIB. PemTa e’ ATb 3aIMTaHb PO3HOAUIANINCA 3a PO3/IiIaMu: «iHTEeHCUBHI
HABaHTAXXEHHsI», «[IOMipPHI HABAHTA)KEHHSI» TA «BUK/IIOYHO X0fib0a». OTpuMaHi gaHi om0 KinbkocTi GisnvHOI aKTUBHOCTI, BU-
KOHAHOI 32 OCTAaHHI CiM IHIB, KOHBEPTYBA/IICS Y BUTPATH €HEPTil 3a JOIIOMOTOI0 OLIIHOYHOI OfMHMNI[i MeTaOO/IIYHOTO eKBIBA/IEHTY
HaBaHTaxeHHsa (MET).

Pesynbratu. [l oci6 Bikom 5-8 pokiB, siKi aKTMBHO 3aiiMajlCs CIIOPTOM, CEPeJHbOTIIKHEBUI TOKa3HUK CTAaHOBUB
3355.2 MET, 3 sikux 1577 [11 iHTeHCBHUX HaBaHTa)XXeHb, 1617 — momipHi HaBaHTaXKeHH: i 159.7 — xopp6a. Y BikoBilt rpymi 13-
16 poxkiB, AKi aKTMBHO 3aiiMaNNCA CIIOPTOM, CEPeTHbOTIDKHEBMIT TOKa3HUK cKnanas 3799.5 MET, 3 Axux 3376 mis iHTeHCMBHUX
HaBaHTAXeHb, 577.6 /I HOMIPHUX HaBaHTaXeHb i 529.9 1 xoxpbu. I/ y4acHUKIB aHATOTi9HOI BIKOBOI IpyIy, sKi He 3aiiMa-
JINCS CTIIOPTOM, CePeIHbOTYDKHEBNUI NMOKa3HMK cTaHoBUB 594.5 MET, 3 Aaxkux 20 — iHTeHCUBHi HaBaHTa)XeHH:, 360 — moMipHi
HaBaHTaXXeHH:A i 214.5 — xop6a.

BucHoBKu. Pesynprati HOCIiIKeHHs I0Ka3a/Iy MOXK/IMBICTb BUKOPUCTAHHS 3alIPOIIOHOBAHOTO B pOOOTI iHCTPyMeHTY MO-
HiTopuHry isMYHOI aKTUBHOCTI, 1110 BK/II0YaJIO B cebe BuMipoBaHH:A nokasHukis MET.

KrouoBi cmoBa: crio)xBaHHA Kamopiif, MeTabo/iYHNIl eKBiBaeHT HaBaHTa>KeHHS, ONNTYBaIbHIK.
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Abstract

Background. Table tennis players often use topspin shots in order to score. For many athletes, this stroke is crucial to
winning, making it a favorite among players. It is more probable that accurate topspin strokes will make it harder for
opponents to return the ball. As a result, players who can maintain topspin stroke accuracy over time are more likely

to win matches.

Objectives. This study aimed to examine the association between self-confidence (SC) and cognitive processing

speed (CPS) with topspin accuracy (TPA) in table tennis.

Materials and methods. This study used a correlation method with a quantitative approach. A total of 82 participants
(aged: 20.0 £ 0.6 years) were involved in this study. Data on topspin accuracy was collected by administering

a topspin accuracy test, followed by administering a self-confidence questionnaire and cognitive processing speed
test. Pearson correlation and linear regression analysis were used to determine the association between the variables.
Results. The findings of this study show (1) a positive relationship between self-confidence and topspin accuracy
(r=0.430, p < 0.05); (2) a positive relationship between cognitive processing speed and topspin accuracy (r = 0.374,

p < 0.05).

Conclusions. Topspin accuracy is influenced by cognitive processing speed and self-confidence. Therefore, in order
to improve table tennis topspin performance, coaches should take these factors into account. The results of this study
can have a significant impact on training programs, where mental skills training, such as boosting self-confidence
and enhancing cognitive processing speed, should be integrated into technical and tactical training routines.

This approach will allow athletes to not only refine their physical skills but also strengthen their psychological
resilience, ultimately leading to better performance in competitive matches.

Keywords: intelligence capability, emotion state, cognitive response, stroke precision, accuracy in racket sport.

Introduction

It has long been known that table tennis is a sport that
emphasizes quick reflexes, accuracy, and strategic gameplay
(Huang et al., 2023). Table tennis stands out as a fast-

© Haryanto, J., Drenowatz, C., Picabea, J. M., Ndayisenga, J.,
Padli, Zarya, F, Edmizal, E., Ockta, Y., & Geanta, V. A., 2024.
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paced sport demanding exceptional speed and precision.
This dynamic requires athletes to swiftly process visual and
spatial information, ensuring swift and accurate responses
during gameplay. Understanding the nuanced interplay
between physical agility and cognitive acuity in table
tennis is essential for optimizing training methodologies
and enhancing competitive performance (Zhang, 2022).
Precision in executing targeted hitting techniques allows
athletes to strategically position the ball in challenging
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areas for their opponents, thereby optimizing scoring
opportunities. In sports, precision serves as a fundamental
determinant that significantly influences competitive results,
highlighting its critical role in enhancing performance
outcomes (Amaro et al., 2022; Ozdalyan et al., 2022).
In the increasingly competitive landscape of table tennis,
the ability to achieve precise shot execution, notably in
topspin shots, is recognized as pivotal for determining
competitive outcomes. This underscores the significance of
accuracy in technique as a decisive element in achieving
success in high-level competition (Iordan et al., 2021).
The topspin technique, which imparts forward rotation to
the ball, enhances players’ ability to control both the speed
and trajectory of their shots, thereby presenting added
challenges for opponents in returning these balls (Kidokoro
et al,, 2022). Accurate topspin execution plays a pivotal role
in table tennis, allowing players to finely control the ball and
dictate the pace of the game. The ability to consistently deliver
precise topspin strokes frequently dictates match outcomes,
especially in competitive settings (Firdaus & Mario, 2022).
Moreover, athletes who demonstrate high accuracy in their
performance are more likely to achieve victory compared
to those with lower levels of accuracy (Karisik et al., 2018).
Self-confidence in sports has garnered significant
attention from researchers due to its crucial role in athlete
performance. A study in martial arts explain that female
athletes demonstrated greater self-confidence than male
athletes. Moreover, younger athletes exhibited higher
levels of cognitive anxiety compared to adult athletes.
These results highlight gender and age as notable factors
influencing psychological traits in athletes (Contessoto
et al., 2020). In addition, athletes who accumulate more
playing experience and invest greater time in training
tend to demonstrate heightened levels of self-confidence.
This observation underscores the importance of extensive
experience and dedicated training regimens in fostering
athletes’ belief in their abilities, thereby enhancing their
overall performance readiness and competitive outcomes.
These insights underscore the significance of structured
training programs and sustained participation in competitive
settings as key contributors to athletes’ psychological
preparedness and confidence levels (Neves et al., 2022).
A descriptive study identified that male swimmers exhibit
higher levels of self-confidence and lower levels of anxiety
compared to their female counterparts. Moreover, varying
levels of self-confidence and types of anxiety are observed
across different competitive specialties and ranks of
competitions. This study also highlights gender differences
and the nuanced psychological dynamics influenced by
competitive contexts within swimming disciplines (Silva et
al., 2019; Peron & Elsner, 2020). Furthermore, Para-athletes
who possess emotional stability, cognitive flexibility, mental
endurance, self-confidence, effective stress management, and
emotional control tend to achieve greater success in sports.
These attributes play crucial roles in navigating the challenges
of competitive environments and optimizing performance
outcomes in para-sport disciplines (Ersoz & Esen, 2023).
The study reveals a significant correlation between physical
appearanceand self-confidence. Therefore, itisrecommended
that women be encouraged to engage in sports activities, as
this can enhance their physical strength and bolster their
self-confidence. Promoting active participation in sports can

be a vital strategy for improving women’s overall well-being
and self-assurance (Basaran, 2022).

Cognitive processing speed is pivotal in sports
performance, particularly in conjunction with accuracy.
Research indicates that extended cognitive exertion during
physical activity can compromise decision-making by
lengthening reaction times and increasing variability, albeit
without impacting accuracy (Tsukamoto et al., 2022).

Furthermore, studies investigating the speed-accuracy
trade-off in cognitive tasks indicate that distinct neurocogni-
tive systems are engaged in processing speed and accuracy
independently. Research shows varying neural activities in
the supplementary motor area and prefrontal cortex, reflect-
ing individual preferences and abilities toward either speed
or accuracy (Perri et al., 2014). Moreover, technological ad-
vancements such as the COGNIFOOT system enable objec-
tive, real-time assessments of cognitive-motor performance
in sports. This system has demonstrated age-related enhance-
ments in passing accuracy, speed, and reaction times among
young elite soccer players (Hicheur et al., 2017). A recent study
demonstrates that cognitive processing speed profoundly in-
fluences accuracy in cognitive tasks throughout the lifespan.
This correlation suggests potential implications for sports per-
formance, prompting a need for further investigation in this
area (Bonnechere, 2022). The cognitive processing efficiency
theory posits that in team sports, elevated cognitive anxiety
and mental exertion are associated with performance out-
comes, particularly noticeable in highly trait-anxious players
during critical game moments (Smith et al., 2010).

Previous studies investigating hitting accuracy in table
tennis have highlighted the significant impact of kinematic
variables such as shoulder angular velocity, wrist angle, and
racket horizontal velocity on topspin forehand accuracy.
These findings underscore the complex biomechanical
factors influencing shot precision (Alkhawaldeh, 2022).
The precision with which an athlete directs the ball to
a specific target area is influenced by both the athlete’s skill
level and the skill level of the opponent (Le Mansec et al.,
2016). Furthermore, speed and accuracy in performance are
influenced by an individual’s cognitive function, which can
be impacted by both physical and mental fatigue (Mikicin,
2022; Le Mansec et al,, 2018). A study from Niznikowski et
al. (2022) involving novice table tennis players, indicated
that those who focused on targeting the ball during their
shots showed significantly greater improvements in hitting
accuracy compared to those instructed to focus on correcting
their grip. Shot accuracy in table tennis varies depending on
the type of stroke used, exhibiting distinct differences in
shot characteristics among female players. This underscores
the need for a nuanced approach to analyze and enhance
performance outcomes tailored to different player
demographics (Wang et al., 2022). High accuracy in ball
placement and the speed-ball placement index underscores
the importance of precise control over the landing position
of the ball on the table for successful shots in table tennis.
Interestingly, shot accuracy is not solely contingent upon
ball speed, highlighting the significant roles played by
factors such as timing, angle, and spin in determining shot
effectiveness (Belli et al., 2019). Moreover, an experimental
study aimed at enhancing topspin shot accuracy involved
providing elastic bands as a treatment to 12 table tennis
players. The results of this study demonstrated a significant
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improvement in topspin accuracy compared to players
who did not receive elastic band training, attributed to
enhanced muscle coordination and physical control abilities
(Nikolakakis et al., 2020). Consistent with the previous
statement, the velocity of the wrist joint during ball impact
directly influences both the speed and rotation of the ball
(Zheng et al., 2021). Both mental and muscular fatigue
contribute to a decrease in the quality of players’ strokes
during competition (Le Mansec et al., 2017).

While many studies have explored physical factors
influencing athletic performance across sports, there is
a significant gap in understanding correlation between self-
confidence and cognitive processing speed with top spin
stroke in table tennis. Topspin accuracy is crucial for precise
ball control and game tempo regulation in table tennis.
However, the psychological aspects such as self-confidence
and cognitive processing speed impact for topspin accuracy
remains unclear. This study aims to address this gap by
investigating the association between self-confidence,
cognitive processing speed and top spin stroke accuracy.
By examining how these factors contribute to the precision
and consistency of topspin strokes, the research seeks to
inform more effective athlete training programs and advance
knowledge in sports science literature.

Materials and Methods

Study Design and Participant

In this study, a quantitative correlational research design
was utilized to investigate the relationship between upper re-
lationship between self-confidence, cognitive processing speed
and topspin accuracy and topspin accuracy in table tennis. The
sample consisted of 82 students from the coaching department
at the Faculty of Sports Science, Universitas Negeri Padang, In-
donesia. These students were divided into two classes of Table
Tennis II courses, with 55 males and 27 females, aged between
19 and 21 years. Participation in Table Tennis II required prior
completion of the Table Tennis I course, ensuring that students
had already mastered the proper topspin technique. Detailed
characteristics of the participants are provided in Table 1.

Table 1. Descriptive characteristics for the total sample
and separately for male and female participants. Values are
mean + standard deviation

Female Male
. Total Sample . . ..
Indicators (n = 82) participants participants
- (n=27) (n=55)

Age (years) 200+0.6 20006 20.0£05
Height (cm)** 1594+4.1 1574%+45 1604 +3.5
Body weight (kg)** 552+44 521437 56.7+3.9
BMI (kg/mz)* 21.7+1.8 21.1+1.3 22.1+1.9
Training experience 34412 29+13  36+1.1
(years)*

Self-confidence (points) 97.6+7.7  959+7.6 985+77
Cognitive processing 3 9, ¢3 333457 312465
speed (points)

Topspin accuracy 188+34 188+40 188+3.1

(points)

** sig. sex difference, p < 0.01; * sig. sex difference, p < 0.05

Instrument

Self-confidence

The questionnaire used in this study is designed to assess
the self-confidence levels of table tennis players. It consists of
7 items originally developed by Ibrahim et al., (2016) and
subsequently refined by Yuda et al. (2022). The question-
naire’s reliability has been confirmed through validation
processes, yielding a high alpha coefficient of 0.85. Partici-
pants respond to each item using a Likert scale, where they
indicate their level of agreement with statements ranging
from “strongly disagree” (scored as 1) to “strongly agree”
(scored as 4). This structured approach allows researchers to
systematically gauge and analyze the self-confidence percep-
tions of the players involved in the study.

Cognitive Processing Speed

This test aims to measure the cognitive processing speed
of table tennis players (Mohsen & Maleh, 2020). The test
utilizes a table tennis table divided into five equal sections
and a ball launcher that delivers 25 balls within 25 seconds.
The balls are launched in random directions and colors.
Participants must hit the balls towards the section of the
table that matches the color of the ball launched by the robot
(Huipang HPO07). Each color has five balls, totaling 25 balls.
Balls that land in a section that does not match their color
are scored 1 point, balls that land in the correct color section
are scored 2 points, and balls that go out are scored 0 points.

Topspin Stroke

Topspin accuracy was evaluated using a previously
developed assessment tool, which has been demonstrated to
provide valid and reliable data on topspin accuracy (Haryanto
et al., 2023). During the test, participants were positioned at
the center of the table. A feeder delivered the ball to the
participants, who then executed topspin strokes aimed at
pre-marked target areas on the table. Each successful stroke
was scored based on accuracy, with points typically assigned
as 3,2, 1, or 0. A score of 0 was given when the ball failed to
hit the table, while higher scores reflected greater accuracy
in hitting the target areas.

Procedure

This research began with obtaining permission from
Universitas Negeri Padang, Faculty of Sports Science, and
the lecturer in charge of the table tennis course. After ob-
taining campus approval, researchers approached potential
participants and requested their willingness to participate
in the study. A team was assembled to assist in data collec-
tion, and they received training to ensure accuracy during
the process. Before data collection commenced, researchers
conducted health checks on all participants to confirm their
readiness and good health. Participants were briefed in detail
on the testing procedures and provided with simulated tests
to ensure a clear understanding of the process. Prior to the
actual tests, all participants completed a self-confidence ques-
tionnaire. They were then instructed to warm up and attempt
both cognitive processing speed and topspin accuracy tests.
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Statistical analysis

Descriptive statistics were computed to summarize the
characteristics of the sample, both overall and for male and
female participants separately. Normal distribution was
verified using z-scores for skewness and kurtosis < 3.29.
Hypothesis testing involved Pearson correlation analysis
and linear regression to explore the associations between
self-confidence, cognitive processing speed, and topspin
stroke accuracy. Data were meticulously documented, and
all analyses were conducted using the most recent version
of SPSS software, with statistical significance set at p < 0.05.

Results

A total of 82 participants (67.1% male) provided valid
data. Descriptive characteristics are shown in table 1.
Male and female participants were of similar age but men
were significantly taller and heavier women (p < 0.01).
Average BMI was also significantly higher male compared to
female participants (p = 0.02). While all female participants
were classified as normal weight two men were classified
as overweight and 1 man was classified as underweight.
Years of training experience was also higher in male
compared to female participants (p = 0.02) but there were
no sex differences in topspin accuracy, self-confidence and
cognitive processing speed.

Both, self-confidence and cognitive processing
speed were significantly correlated with topspin accuracy
(rSC = 0.430, rCPS = 0.374; p < 0.01). Sex-specific analyses
revealed similar results among female and male participants
(Women: rSC = 0.451, rCPSy = 0.428; Men: rSC = 0.431,
rCPSy = 0.362). Both variables explained 26.3% of the
variability in topspin accuracy, with a more pronounced
association of self-confidence with topspin accuracy
compared to total processing speed (Table 2). The inclusion
of training experience did not enhance the regression model
and, therefore, only self-confidence and cognitive processing
speed were included in the sex-specific analyses. Even
though results were similar for men and women significant
beta coefficients were only observed in men, which may be
attributed to the small number of female participants.

Table 2. Linear regression analysis for topspin performance
as independent variable for the total sample and separately
for male and female participants

S Self-Confidence Proge(;finnl;;;ee d

beta Sig. beta Sig.
Total Sample 0.263 0.362 <0.001  0.289 0.005
Female Participants  0.269 0.326 ~ 0.106  0.286 0.154
Male Participants 0.265 0.374 0.003 0.288 0.021

Discussion

The results of this research indicate a clear associa-
tion between self-confidence and topspin stroke accuracy,
highlighting the critical influence of self-confidence on the
precise execution and eflicacy of topspin strokes in table
tennis. These findings underscore the importance of psy-
chological factors in enhancing technical performance and

overall competitive outcomes in sports. The significance of
self-confidence in enhancing table tennis ball-hitting ac-
curacy is well-established in the literature. Studies indicate
a notable correlation between self-determined motivation,
adaptive coping strategies, and performance levels among
table tennis athletes, highlighting the pivotal role of intrinsic
motivation in achieving superior outcomes (Martinent et al.,
2018). Additionally, it has been noted through longitudinal
studies that the dynamics of self-confidence tend to grow
stronger over time, particularly during phases of psycho-
logical momentum experienced by athletes. This observa-
tion highlights the pivotal role of self-confidence not only
in initial performance but also in its sustained enhancement
throughout an athlete’s competitive journey. Understand-
ing these dynamics can provide valuable insights into how
athletes can effectively manage and optimize their mental
states to consistently achieve peak performance levels (Briki
etal, 2012). Furthermore, the skill to discern the trajectory
and spin of the ball in table tennis is essential for optimal
performance. Research indicates that auditory cues play
a significant role in this identification process, influencing
players’ abilities regardless of their training or experience
levels. This highlights the universal importance of auditory
perception in enhancing ball recognition and, consequently,
overall game strategy and effectiveness (Santos et al., 2017).
Therefore, the maintenance of elevated self-confidence lev-
els is crucial in positively influencing a player’s capacity to
achieve precise ball placement in table tennis, ultimately
shaping their overall performance outcomes. This under-
scores the pivotal role of self-confidence as a determinant
factor in enhancing athletic proficiency and competitive suc-
cess in the sport.

Our research results show a significant positive
correlation between cognitive processing speed and topspin
shotaccuracy in table tennis. These findings support previous
research suggesting that Athletes with strong cognitive
abilities tend to exhibit superior performance in their
gameplay. This relationship underscores the importance
of cognitive training as a vital component in the holistic
development of competitive athletes. Enhancing cognitive
skills can lead to improved strategic decision-making and
reaction times, thereby positively impacting overall athletic
performance (Tsai et al., 2023). The cognitive abilities of
athletes are integral to their sports performance, with
professional athletes often demonstrating superior cognitive
functions compared to their non-professional counterparts.
This disparity highlights the significance of cognitive
training in elevating athletes to elite levels, emphasizing
its role in enhancing strategic thinking, decision-making,
and overall gameplay (Herndndez-Mendo et al., 2019).
The ability to process information swiftly is crucial not only
in academic settings but also in sports, where athletes must
make rapid and accurate decisions. This quick decision-
making capability is essential for adapting to dynamic
game situations, ultimately contributing to superior athletic
performance (Lovett et al., 2022). Enhanced cognitive
processing speed enables players to anticipate opponents’
movements more effectively, resulting in greater accuracy
when executing topspin shots. Sustaining high cognitive
performance throughout a match further contributes to
maintaining accuracy and speed, ensuring consistent and
superior performance over time (Diaz-Garcia et al., 2023).
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A study found that children with high cognitive processing
speed and good muscular fitness exhibit significantly shorter
cognitive reaction times compared to those with slower
cognitive processing speed (Tsai et al., 2020). Research
on the motivation for learning, physical activities, and
intellectual development in table tennis players indicated that
incorporating chess-pong elements enhanced the players’
cognitive abilities. Additionally, the inclusion of chess
elements in training positively affected the psychological and
pedagogical conditions, thereby promoting a high level of
motivation for participating in this sport (Stovba et al., 2023).

The findings from thisresearch offer valuableapplications
for training and coaching in table tennis. Coaches may
consider incorporating exercises that specifically enhance
cognitive processing speed, such as reaction drills and
decision-making scenarios. A comprehensive approach
to training that integrates cognitive and self-confidence
dimensions can further elevate a player’s overall performance.
By understanding the intricate relationship between
psychological factors and technical skills, coaches can
develop tailored training programs that meet the individual
needs of table tennis players. However, it is important to
note that this study did not include professional athletes, and
further research is necessary to explore these associations
at higher levels of play. Additionally, self-confidence was
not assessed in real match situations. Employing other
methods, such as direct observation during matches or
match simulations during training, could provide a more
thorough understanding of this concept and its impact
on playing performance. Limitations of this study include
a small participant sample size and a lack of variation in
playing ability. Differences in rackets used may also influence
topspin performance, despite participants reporting comfort
with their respective rackets.

Conclusion

The topspin shot is an essential offensive maneuver
in table tennis, and achieving accuracy in its execution
is crucial for athletes aiming for success. This research
investigated how cognitive processing relates to the precision
of topspin shots, alongside examining the influence of
self-confidence on topspin accuracy. Recognizing the
direct correlation between cognitive abilities and topspin
performance underscores the importance for coaches
to integrate these aspects into their training regimens,
which should encompass short-term, medium-term, and
long-term strategies. Coaches can design specific training
programs to enhance athletes’ cognitive processing speed
and self-confidence, incorporating exercises in quick
reaction and decision-making scenarios. A holistic approach
integrating psychological aspects such as stress management
and confidence development is also essential in training to
consistently improve athletes’ topspin performance. Ongoing
evaluation and detailed feedback on athletes’ psychological
and cognitive progress will guide the development of effective
long-term training programs, ensuring athletes can achieve
their optimal potential in competition. Recommendations
for future research include conducting comparative studies
between professional and non-professional table tennis
athletes to gain deeper insights into the relationships among
cognitive processing speed, self-confidence, and topspin

performance. Furthermore, expanding research to explore
the role of emotional intelligence in the context of real
match situations, and investigating other physical factors
influencing topspin technique such as physical strength
and movement techniques, is warranted. The use of direct
observation methods during matches or match simulations
is also recommended to obtain a more comprehensive
understanding of the complex interactions among psy-
chological, cognitive, and technical factors in athletes’
performance in competition.
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BneBHeHicTb y c06i Ta KOrHiTUBHA WBUNAKICTb:
KniouoBi npegnKkTropn BU3Ha4YeHHSA TOYHOCTI BUKOHAHHA
TON-CMiHy B 3MaraHHAX 3 HaCTiJIbHOrO TeHicy

Mxexi Xapianto'*PPE, Knemenc [IpenoBari*®, Ixxon Mikens ITika6ea*P,

Mxader Hpaiicenra*?, Ilagni'A®°, ®diku 3apa'4tP, EBanbp Eqmisan'4tP,
NoBangpa Okra'*®®, Brag Agpian IeanTa®AP

'TTagaHrcbKUI Tep>KaBHMIT YHIBEPCUTET
*BepXHbOABCTPiiiChKIII IIeIarOTiYHMIT YHiBepCUTET
*YuiBepcuret Kpainn Backis

*YuiBepcuret Bypysnni

>Apajcbknit yHiBepcuTeT iMeHi Aypena Brariky

ABTOpPCHKMIT BKTA: A — Am3aitH gocnipkeHHs; B — 36ip ganux; C - craraHanis; D — migroroska pykormucy; E — 36ip kowrris

Pedepar. Crarrs: 8 c., 2 Tab1., 42 mKepena.

Ictopis nutanns. IpaBii 3 HACTIIPHOTO TEHICY 4aCTO BUKOPVCTOBYIOTD TOII-CIIH 3 METOIO AOCSTHEHH: pe3yibrary. s 6a-
raTbOX CIOPTCMEHIB Ijeil yAap Ma€ BupillajbHe 3HAYEHHs Il IePeMOrH, 10 PoOuTh 1oro GpaBopuTOM cepep rpaBIiiB. IcHye
Be/IMKa JIMOBIpHICTb TOTO, 110 BUKOHAHHA TOYHUX YAapiB TOI-CIIH YCKJIAJHUTh ONOHEHTaM IIOBEPHEHHA M A4a. SIK Hacmifok,
rpaBlli, AKi MOXYTb 30epiraTu TOYHICTb yZjapy TOI-CIIH IIPOTATOM TPUBAJIOTO Yacy, MAIOTh Oi/Iblile IIIaHCIB Ha 3100y TTS epeMoru
B MaTyax.

Merta gocmigKeHHsa. MeTo [bOT0 JOCTiIKEHHS 6y)10 BUBYVTHU 3B 30K MK BIIEBHEHICTIO y c06i (BC) i mBUAKiCTIO KOTHi-
tusHOI 06po6xu (IIIKO) 3 TounicTio BuKoHaHH:A Ton-ciiny (TT) B HacTiIbHOMY TeHici.

Marepianu Ta MeTOM. Y paMKax JOC/TI/PKEHH 3aCTOCOBAHO KOPEALIHMIA MeTOJ, 3 KiIbKiCHMM HiffX0loM. 3arajioM y f1o-
CITifKeHH] B3situ yyacTb 82 yyacHuk (Bik: 20,00 + 0,60 pokiB). 36ip faHKX I[O{0 TOYHOCTI BUKOHAHHS TOII-CIIiHY IPOBOAUBCSA 3a
JOIIOMOTOIO TECTY 3 BM3HAYEHHA TOYHOCTI BUKOHAHHSA TOII-CIIiHY 3 IIOfIa/IbIIMM 3aCTOCYBaHHAM ONUTYBa/JIbHMKA /1 BU3HAYEHH A
PiBHA BIIEBHEHOCTI B c00i Ta TeCTy 3 OL[IHKM IIBUAKOCTI KOTHITHBHOI 06p06KyM iHpopMariii. 3 MeTOI0 BCTaHOB/IEHHS 3B 3Ky MK
3MiHHMMM BMKOPUCTOBYBa/IM KopenALiiinuii aHanis [lipcona Ta niniiiny perpeciro.

Pesynbraru. Pe3ynbraTi {bOro JOCTIAXKEHH OKa3yIoTh (1) MO3UTUBHMII B3aEMO3B 130K MK BIIeBHEHICTIO B c00i i TouHic-
TIO BUKOHAHHA TOII-CHiHy (r = 0,430, p < 0,05); (2) mo3nTvBHMIT B3a€EMO3B 130K MK HIBUAIKICTIO KOTHITMBHOI 06POOKN i TOYHICTIO
BUKOHAHH TOI-CIiHy (r = 0,374, p < 0,05).

BucHoBku. To4HICTh BUKOHAHHSA TOI-CIIiHY 3a/IeKUTD BifJj IIBUAKOCTI KOTHITMBHOI 06pOOKNM Ta BIIeBHEHOCTI B c06i. OTxKe,
TpeHepy [TOBMHHI BPaXOBYBaTH 3a3HadeHi (paKTOpy 3a /151 MOIIIIIEHHs Pe3y/IbTaTHBHOCTI BUKOHAHHSI TOII-CITiHY B HACTIIBHOMY
Tenici. PesynbTaTti 1boro mocmuifiyKeHHA MOXKYTb CYTTEBO BIUIMHYTH Ha TPEHYBa/IbHi IpOrpaMi, Jie TPeHYBaHHA MEHTaIbHUX Ha-
BIYOK, SIK-OT Ii{BUIIEHHS BIIEBHEHOCTI B OOl Ta IOJIIIIEHHS IIBU/AKOCTI KOTHITUBHOI 00pOOKN, CI1ijf iHTErpyBaTH B TEXHIYHI
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Abstract

Objectives. The study aimed to investigate the impact of skill-based maximal-intensity interval training on
cardiovascular and muscular performance variables in male hockey players.

Materials and methods. For this study, a group of 24 male hockey players were carefully selected. The participants
were divided into two groups: SBT (n = 12) and CG (n = 12). A 12-week programme was carried out, comprising
skill-specific, high-intensity interval training sessions that took place three times per week. Data was gathered prior
to and following the study. The variables selected for evaluating consisted of a 20-meter, 30-meter, and 50-meter
sprint, along with agility, speed endurance, and cardiovascular endurance. Pre and post data were subjected to
statistical analyses.

Results. The findings of statistical analyses indicate a significant positive impact due to performing the 12-week skill-
based intensive training. The SBT group consistently demonstrated superior performance compared to the CG group.
This was evident through their significantly faster completion times in distances of 20 m, 30 m, and 50 m, as well as
their agility tasks. Additionally, the SBT group achieved higher scores in endurance measures. The effect sizes observed
in the study were quite significant, indicating substantial differences between the groups. Furthermore, it is noteworthy

that the CG group did not exhibit any marked changes from the pre-test to the post-test in any measure.
Conclusions. After a period of 12 weeks, it has been observed that skill-based maximal-intensity interval training
leads to significant improvements in both anaerobic and aerobic performance. This training is essential for athletes
as they prepare for the end of the season. According to the study, it is reccommended that hockey and other coaches
focus their efforts on skill-based maximal-intensity interval training. While this study did not specifically assess
technical abilities, it found that this training technique significantly enhanced physical performance. This research
and training could prove advantageous for athletes and coaches who prioritise honing their skills.

Keywords: skill-based training, HIIT, hockey, physical performance, training method.

Introduction

Hockey is a team sport that involves a combination of
intense activities like sprinting, dribbling, hitting, and pass-
ing, along with periods of lower intensity like jogging and
walking for recovery (Harry & Booysen, 2018). Team sports
that involve intense, intermittent activity demand athletes
to possess a strong foundation of physical performance at-
tributes, including agility, speed, and both aerobic and an-
aerobic power (Gamble, 2013). Various training methods
have been employed to enhance the overall physical perfor-

© Kv, S., & Kumar, M. S., 2024.
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mance in the sport of hockey. In addition, the compatibility
of these training models with the technical and tactical skills
of sport can greatly enhance the effectiveness of the training
(Timmerman, Savelsbergh, & Farrow, 2019). Coaches and
researchers have shown a growing preference for skill-based
and high-intensity training methods, which are known for
their effectiveness and efficiency (Fernandez-Fernandez,
Sanz, Sarabia, & Moya, 2017). The development of techni-
cal skills, tactical awareness, and physical conditioning is all
impacted simultaneously (Gabbett, 2008).

The effectiveness and systematic nature of skill-based
exercises make them an ideal training method (Karahan,
2020). This approach caters to both young or non-specialized
players, allowing them to develop technical skills, as well
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as specialized players who can refine and maximize their
skills in competitive settings. High-intensity, intermittent
training has been shown to have remarkable effects on
skeletal muscle and metabolic capacity and adaptation
(Kohn, Essén-Gustavsson, & Myburgh, 2011; Perry, et al.,
2008). When skill-based training is conducted at a high or
maximum intensity, it offers players ample opportunities
to enhance their technical, tactical skills, and physical
performance simultaneously (Fernandez-Fernandez et al.,
2017). Coaches often employ skill-based variations to guide
players towards specific physical and technical objectives.
Lately, there has been a widespread adoption of skill-based
training programmes to enhance technical and physical
performance, especially in team sports (Hammami, Gabbett,
Slimani, & Bouhlel, 2018). Nevertheless, research has yet
to definitively prove the effectiveness of these training
programmes compared to traditional methods (Karahan,
2020).

Several recent studies have been dedicated to examining
skill-based training methods carried out at high or
maximum intensity (Karahan, 2012; Si, 2015). The study
revealed that rigorous training focused on developing
specific skills had a notable influence on the speed, agility,
and aerobic and anaerobic power of female futsal players
(Karahan, 2012). These effects were comparable to those
observed in players of volleyball and handball (Si, 2015).
A different study conducted by (Gabbett, 2008). analysed
the differences observed prior to and following the training
period. Based on the findings, it is evident that skill-based
training significantly improved the speed and agility of
young volleyball players. The analysis of jumping, change
of direction, and aerobic capacity before and after the
intervention clearly demonstrates a steady improvement in
young football players (Sanchez-Sanchez et al., 2019).

The success of a player is heavily influenced by their
level of performance and the amount of effort they put into
engaging with the ball. However, there is still uncertainty
surrounding the scientific understanding of how these
variations affect the physical performance of a player
or team (Timmerman et al., 2019). Prior research in the
field has primarily concentrated on analysing the physical
capabilities of male hockey players and the effects of training
regimens on both aerobic and anaerobic factors (Sharma &
Kailashiya, 2018). This study proposed that by incorporating
high-intensity training into training programmes using ball-
specific drills and small-sided games, enhancements could
be observed in both aerobic and anaerobic performance,
along with technical proficiency. The purpose of this study
was to examine how skill-based maximal intensity interval
training affects the aerobic and anaerobic performance of
male hockey players. The study’s findings have the potential
to provide valuable guidance to coaches and players as they
strive to improve their training programmes.

Table 1. Demographic characteristics of groups

Materials and Methods

Participation

A group of twenty-four skilled university hockey
players, all belonging to the same team, participated in this
study during their participation in the university games.
Participants were divided into two groups: the skill-based
group (SBT) and the control group (CG). We estimated
the sample size using G*Power software (version 3.1).
Based on the given data, a sample size of 12 was determined.
The partial effect size was found to be 0.02, with a power
of 0.08 and a P value of 0.05 for two group measurements.
Additionally, a correlation of 0.05 was observed. Table 1
presents the demographic characteristics of the groups.

Subjects with any acute or chronic disease, pain indi-
cators, or those under medical treatment were excluded
from the study based on the eligibility criteria. In addition,
participants who sustained injuries during the experiment
were also excluded. All participants successfully completed
a minimum of 80% of the total sessions and consistently
fulfilled all of the test procedures before and after the
study. (4) The subject did not participate in any official
matches during the study period. Before obtaining written
informed consent, all players, parents, and coaches received
comprehensive information about the research procedure,
including any potential risks, benefits, and requirements.
Flow Table 2 presents a concise summary of the criteria for
participation.

Procedure

This study aimed to examine how SBT affects the
physical performance characteristics of young hockey
players. A study was conducted utilising two groups, SBTG
or CG, over a period of 12 weeks. The study followed
a parallel randomized, controlled longitudinal design.
Both groups completed a total of 36 units, with each week
consisting of 3 training units. Three orientation sessions
were conducted a week prior to the initial evaluation to
acquaint the participants with the tests and exercises utilized
in this study. In addition, the researchers offered clear
instructions and visual examples during the intervention to
ensure that the correct technique was consistently followed.
The assessments conducted before and after the training
duration consisted of a thorough set of evaluations. These
evaluations included tests such as the 20 m, 30 m, and 50 m
sprint tests, the T-run test, the 45 Second sprint, and the
Cooper 12 m walk/run test. To ensure consistency, the same
assessors performed all of the test measurements.

The physical performance test was carried out both
before and after the 12-week training programme, following
the principles of measurement. The tests were conducted

Age (year) Experience (year) Height (cm) Weight (kg)

means + SD means + SD means + SD means + SD
SBT(n=12) 20.167 £ 1.029 7.916 £ 1.240 164.834 + 5.670 59.483 + 2.667
CG(n=12) 20.416 = .996 8.167 £1.193 166.083 + 5.712 56.483 + 2.006

SBT = skill-based training, CG = control group
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in the morning from 6.30 to 8.00 am in a controlled
environment, namely an indoor pitch at SRM University
in Chennai. Before and after the test applications, the
players engaged in a 10-minute warm-up and cool-down
routine. To ensure fairness, we used an online resource' to
randomly assign subjects. The training sessions were closely
supervised by certified hockey coaches and a conditioning
specialist to ensure that SBT was executed with utmost effort.
Additionally, a thorough warm-up and cool-down exercise
were included. The coaches and researchers provided clear
instructions and encouragement to all players during tests,
aiming to maximize their efficiency in handling workloads.

20 m sprint test: A photocell device was used to measure
the sprinting speed of the players. The device was positioned
at both the start and finish lines, which were 20 metres
apart. The players performed the 20-meter sprint with
great determination, starting from a stationary position.
The test was performed on three separate occasions, with a
90-second rest period between each repetition. We recorded
the running time that produced the most optimal result.
The measurement test-retest reliability for the 20-m sprint
test resulted in an intra-class correlation coefficient of
0.88 (Haghighi, Hosseini, Askari, Shahrabadi, & Ramirez-
Campillo, 2024; Wheeler Botero et al., 2023).

30 m sprint test: A speed measurement was taken using a
30 m sprint test. Cones were strategically positioned 30 metres
apart, forming a path between the starting and finishing lines
for the test. Participants race with all of their strength from the
starting line to the finishing line. The stopwatch began timing
when the participant initiated the run and stopped when the
participant completed the run. Every participant was given
three chances to showcase their skills, with their quickest time
being recorded as their performance (Coelho et al., 2007).

50 m sprint test: A speed measurement was taken through
a 50 m sprint test. Cones were strategically positioned 50 me-
tres apart, forming a path between the starting and finishing
lines for the test. Participants race with great speed from the
starting line to the finishing line. The stopwatch began timing
when the participant initiated the run and stopped when the
participant completed the run. Every participant was given
three chances to showcase their skills, with the quickest time
being noted as their performance (Wheeler Botero et al., 2023).

The 45-second run test: The 45-second run test is a
method used to evaluate an individual’s capacity for speed
endurance. The participant gracefully moved back and
forth along a 20-meter track, completing the task within a
45-second time frame. Starting from one end, the participant
swiftly accelerates to the opposite end, lightly touches the
line with one hand, swiftly turns and sprints back, repeating
this shuttle run pattern as many times as possible until the
time runs out. Precise timing using a stopwatch or timer is
essential. The score is determined by the number of shuttles
completed within the allotted time, indicating a measure of
speed endurance fitness (Wood, 2020)

Change of direction ability test: The T-run test was used
to evaluate the players’ ability to change direction (CoD).
The test (Figure 1) requires the measurement of the player’s
speed during different directional changes, such as forward
sprinting, left and right shuffling, and returning to the start
line. The test was performed on two occasions, separated

! https://random-allocation-software.software.informer.com/2.0

by a 2-minute active recovery interval. An electronic
timing system positioned at the starting line recorded the
performance that produced the most favourable outcomes.
The test-retest reliability of measurement for the T-run
test was determined to be 0.95, indicating a strong level of
consistency (Sassi et al., 2009).

A A

Syards Syards

> +~——— 10yards —

Fig. 1. Shows the T- run test

The Cooper 12-minute: The Cooper 12-minute walk or
run test is a widely recognized and commonly employed eval-
uation of cardiovascular endurance fitness. Participants are
given clear instructions to maximize their distance covered
in a 12-minute time frame. They have the option to choose
between walking or running, and the course is carefully mea-
sured and flat. Prior to commencing, it is crucial for partici-
pants to engage in a thorough warm-up routine in order to
minimize the risk of sustaining any injuries. From the mo-
ment the test commences, they gracefully maintain a consis-
tent rhythm, with the goal of exploring as much territory as
they can. The distance covered is measured and recorded at
the end of the 12 minutes (Kumar & Zemkova, 2022).

Training programmers

The programme focuses on enhancing the physical and
skill performance of hockey players through skill-based HIIT
training. The timing of these sessions was consistent, starting
at 6.30 am and ending at 8.00 am. SBTG was carefully guided
by a coach and researcher, ensuring that they underwent
a thorough warm-up consisting of 10 minutes of general and
specific exercises, including stretching. Following a series
of low-intensity dribbling, passing, and hitting exercises,
a 10-minute cool-down routine is carried out.

Throughout the intervention period, players were
guided to give their utmost effort during their activity.
The researcher and coach provided instructions to ensure
high motivation. The SBT sessions were held three times
a week, specifically on Mondays, Wednesdays, and Fridays.
The researcher supervised these sessions. The distribution of
the training programme for the SBT group across the days
of the week can be seen in Table 2. The players engage in
a variety of skill exercise training and small-sided games,
all involving the ball. Table 3 presents the 12-week training
intervention. The evaluation of training intensity was
measured using the CR-10 Borg’s scale (Shariat et al., 2018)
in training interventions. This scale quantifies the rating
of perceived exertion (RPE). Prior to the interventions,
the players were introduced to the scale. Each player was
asked to rate their perceived level of effort exerted during
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Table 2. Time table for implementing the training program

Groups Sunday Monday Tuesday Wednesday Thursday Friday Saturday
SBTG + + +
CG

SBTG = Skill-based training group, CG = Control group

Table 3. Show the 12-week Training Schedule

Recovery time B/W  Recovery time b/w

Weeks No.of repetition Duration of repeat oo i . Total duration
repetition exercise section
1-3 weeks 4 25s
4-6 weeks 5 25s . .
30s 4 min 35-40 minutes
7-9 weeks 6 20s
10-12 weeks 7 20's

the intervention. The players were questioned about their
thoughts on the intervention’s intensity and were asked
to provide an evaluation. The responses were diligently
documented on a sheet once the inquiry had been addressed.
The SBT group executed a customary 10-minute general
systemic warm-up, complemented by dynamic range of
motion exercises, and concluded with a 10-minute cool
down consisting of jogging and stretching, both prior to
and after all training sessions. The primary training sessions
consisted of various skill-based exercises such as dribbling
and sprinting (Station 1, Fig. 2), Passing (Station 2, Fig. 3),
Hitting and shooting the goal (Station 3, Fig. 4), and
10-minute small-sided games (on pitches measuring 30 x 20
with 6 players on each team) played with maximum effort.

Fig. 4. Hitting
Note: station 3: To perform Moving Target Practice, pass and hit,
hitting on the move, shooting and hitting combo, passing and
hitting in motion. (All the exercises to perform maximum speed
and perfection)

Statistical analyses

The analysis of data normality began with the Shapiro-
Wilk test. After completing the initial step, we utilized
the analysis of covariance (ANCOVA) to investigate the

Fig. 2. Dribble and sprint. effectiveness of the training programmes. We included
Note: station 1: To perform zig-zag, W dribbling, straight baseline measurements as covariates to conduct a more
dribbling, dribbling in Pairs, figure 8 dribbling. 1v1dribbling detailed analysis. Afterwards, we used Cohen’s d to measure

(All the exercises to perform maximum speed and perfection) the effect size by converting the partial eta-squared values

obtained from the ANCOVA result. Additional analysis
included evaluating performance changes within the same
group before and after the intervention, using a paired
sample t-test. The effect sizes obtained from these tests were
categorized based on Cohen’s criteria, which provide a clear
understanding of the impact of the training. The categories
include small, medium, and large, with corresponding values.
The reliability of these measures over time was confirmed
through the intra-class correlation (ICC), particularly
using a 3, 1 model, which ensured the consistency of our

. Fig. 3. Passing . findings. The mean values and standard deviation were
Note: station 2: To perform pass and move, Shutﬂ? passing, carefully compiled to provide a thorough overview for initial
dynamic passing, 3vlkeepaway, overlapping, passing really. assessment. Throughout the study, a high level of significance

(All the exercises to perform maximum speed and perfection) was maintained at p < 0.05 to ensure scientific accuracy.
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Results

Presented in Table 4 are the baseline results and the
observed changes following a 12-week period of high-
intensity skill training for aerobic and anaerobic performance
in hockey for the SBT and CG.

In order to determine any significant changes between
the pre-test and post-test scores of the variables being stud-
ied, a paired t-test is conducted. Prior to this, the normal-
ity assumptions are checked using the Shapiro-Wilk test,
which confirms that the data follows a normal distribution.
Tests are conducted individually for each group. Remark-
able progress was evident in all areas within the SBT group,
as observed from the initial assessment to the final evalua-
tion. Participants demonstrated significant improvements in
various physical variables, including reductions in time for
distances of 20 m, 30 m, and 50 m, as well as improvements
in agility, speed endurance, and cardiovascular endurance.
The improvements observed in the measures were found
to be statistically significant, with p-values less than 0.05.
This suggests that the training programme had a significant
impact on the observed changes. The effect sizes displayed a
range of magnitudes, indicating that although all measures
showed improvement, the extent of improvement varied
across tasks. The most significant effects were observed in
speed endurance and cardiovascular endurance. A com-
parison between the SBT and CG groups was conducted
using ANCOVA, with the covariates controlled. Notably,
significant main effects of the group were observed across
all variables. The SBT group consistently demonstrated su-
perior performance compared to the CG group. This was
evident through their significantly faster times in distances
of 20 m, 30 m, and 50 m, as well as their agility tasks. Ad-
ditionally, the SBT group achieved higher scores in endur-
ance measures. The effect sizes observed in this study were
quite significant, with values ranging from 0.205 to 0.657.
These findings highlight the substantial differences that exist
between the groups being compared. It is important to note
that the CG group did not exhibit any significant changes
from the pre-test to the post-test in any measure. This con-

firms that the improvements observed in the SBT group were
not due to simple test-retest effects, but rather to the specific
effects of the training programme. The findings highlight the
effectiveness of the SBT intervention in improving physical
performance when compared to a control condition.

Discussion

This study aimed to evaluate the effects of a sprint-based
training programme (SBT) on the physical performance of
male hockey players, in comparison to a control group (CG).
The results show significant improvements in the SBT group
across all measures, including significant reductions in
sprint times at 20 m, 30 m, and 50 m, enhanced agility and
speed endurance, and increased cardiovascular endurance
from pretest to posttest.

The objective of the present study was to evaluate the ef-
fects of a rigorous, skill-focused interval training programme
on the cardiovascular and muscular performance of male
hockey players. This study investigates the effects of skill-
based training and intensive interval training on the physical
performance characteristics of hockey players in the pre-
season period. The researchers conducted a range of tests to
measure different parameters, such as sprint tests at distances
of 20 m, 30 m, and 50 m, the T-run test, the 45 Second sprint,
and the Cooper 12 m walk/run test. According to the study
findings, a twelve-week skill-based intensive interval train-
ing programme showed a notable improvement in all tested
physical performance characteristics (p < 0.05). The results
unequivocally show the efficacy of the SBT intervention
in improving the performance of hockey players.

There was a significant improvement in the time taken
for various physical variables, such as the 20 m, 30 m, and
50 m sprints, agility, and speed endurance, from the initial
assessment to the final assessment. In addition, there was
a significant improvement in cardiovascular endurance.
There was a wide range of effect sizes, ranging from small
to large. The most notable impacts were seen in speed
endurance and cardiovascular endurance. Surprisingly,
the control group (CG) did not exhibit any significant

Table 4. Displays the responses of SBT and CG in relation to the physical performance characteristics of male hockey

players
SBT(n =12) CG (n=12)
+ +
Variable means + SD Esfif;::t Magnitude means + SD F n?
Pre-test Post-test Pre-test Post-test

20m 3.362 +0.121 3263+0.177° 0621 Medium 3.388 +0.125 338440118  8.685* 293
30m 47980314 4558 +0286* 0779 Medium 47830313 4844 £0426  11.125% 346
50 m 7148 +0.117  7.087+0.093* 0571 Medium 7.126 + 0.099 722440204  5401* 205
Agility 10.841£0.392 10747 £0.338*  0.259 Small 10.826 £0.398  10.871+0448  11.335* 351
Sped. Endurance  4.875+0311  4533+0.331* 1.054 Large 4.900 + 0.461 48420523 22293* 515
ecrfcrli‘r‘;msecular 2285.000 + 34020 2572.500 + 336.401* 0.848 Large 2297.500 + 325.761 2286.250 + 322.117 40.147* 657

*Significant at 0. 05 level of significance
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changes across any measures from the pre-test to the post-
test. A study conducted by (Karahan, 2012) revealed that
skill-based maximal intensity interval training had notable
impacts on the aerobic and anaerobic performance variables
of female futsal players. Significant improvements were
observed in the average anaerobic power, fatigue index, and
VO,max of the TG, with increases of 10.7 %, 22.1 %, and
9.6 % (p < 0.05), respectively. On the other hand, the control
group did not show any notable changes.

The performance of anaerobic activities is primarily
influenced by the composition of muscle fibres and the
capacity of glycolytic enzymes in skeletal muscles. These
factors are primarily influenced by an individual’s genetic
composition. However, it is crucial to consider the possibility
of training as well (Roberts, Billeter, & Howald, 1982).
Enhancing anaerobic performance is impacted by a range of
factors, such as the intensity and duration of training, as well
as the trainability of individual players. Previous studies have
shown that integrating high- or maximal-intensity training
methods can improve anaerobic performance variables in
team sport players (Sirotic & Coutts, 2007). These studies
suggest that enhancing anaerobic performance can give
players an edge in consistently and effectively executing their
technical skills and motor abilities during competitions.

Previous studies have consistently demonstrated
that participating in high- or maximal-intensity interval
training can result in notable enhancements in the aerobic
performance of team sport athletes, even over a relatively
brief period. A study conducted by (Tabata et al., 1996).
found that participating in high-intensity training for six
weeks resulted in a significant 7% increase in VO,max.
In a separate study, (Dupont, Akakpo, & Berthoin, 2004)
discovered thatincorporating high-intensityinterval training
into the regular training season resulted in a significant 18 %
improvement in maximal aerobic speed. A study conducted
by (Sporis, Ruzic, & Leko, 2008), (Sirotic & Coutts, 2007)
and (Tabata et al., 1997) has demonstrated that participating
in high-intensity exercise can greatly improve aerobic
capacity and anaerobic power. The results are consistent
with the upward trends observed in the current study.

According to a study conducted by (Karahan, 2020),
the results indicate that skill-based training may be more
effective in improving the preseason physical performance
of young male soccer players when compared to small-
sided games. This study offers valuable insights for coaches
and researchers concerning a twelve-week intervention
period. The study focuses on the beneficial effects of skill-
based, intensive interval training on the cardiovascular and
muscular performance of male hockey players.

Conclusions

Our research indicates that following a 12-week period
of skill-based maximal-intensity interval training, significant
improvements were observed in both anaerobic and aerobic
performance. This training schedule is of utmost importance
for athletes, especially during the critical phase of preparation
before the start of the competitive season. It is evident that
coaches of hockey and other sports should prioritise skill-
based maximal-intensity interval training as their primary
training approach. According to the study’s findings, it can
be concluded that this training approach is very effective in

improving physical performance, even though it does not
directly evaluate technical skills. The current research and
training methodology has significant potential for athletes
and coaches who value skill-focused training as a way to
improve physical performance.
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3’AcyBaHHA BNIMBY HAaBNYKO-OPi€HTOBAHNX iHTEHCUBHMX
TPeHyBaHb Ha NPOAYKTUBHICTb cepLeBO-CYANHHOI
Ta M'A30BOI CUCTEM YOJIOBIKiB-XOKeICTiB

Cypapmxit Ks'**P, M. Cenrin Kymap'45<P

'SRM IHCTUTYT HayKu Ta TeXHOJIOTil

ABTOpCBHKMIT BKIAL: A — FU3aiH JOCTIIKeHHsT; B — 36ip manux; C - cratananis; D - migroroska pykomucy; E - 36ip xomuTis

Pedepar. Crarts: 8 c., 4 Tab1., 4 puc., 26 mKeperL.

Merta pocmigykeHHaA. MeTa OC/IiPKeHHA TI0/IAraNa y BMBYEHHI BIUIMBY HaBUYKO-OPi€EHTOBAHMX iHTE€PBa/IbHUX TPEHYBAaHb
MaKCMMa/IbHOI iIHTEHCMBHOCTI Ha MOKA3HUKM IIPOJYKTUBHOCTI CEpLEeBO-CYyIMHHOI Ta M’ A30BOI CUCTEM Y XOKeiCTiB-4O0/OBIKiB.
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Marepianu Ta MeToaM. B paMKax JOC/Ii/PKeHHs IIPOBEeHO peTebHIil Bifbip rpymm 3 24 xokeicTiB-40/m0BiKiB. Y4acHMKM
6ynu pospineni Ha nBi rpynu: HOT — HaBuuko-opieHToBaHe TpenyBaHHA (n = 12) ta KI' — koHTpo/bHa rpyna (n = 12). ITpo-
rpama TpuBaaa 12 TYDKHIB, MIPOBOAMIACH TPMYi HA TIDKAEHD i BK/IIOYa/Ia BIUCOKOIHTEHCUBHI iHTepBanbHi TpeHyBaHHs (BIIT),
CIIPsAMOBaHI Ha PO3SBUTOK KOHKPETHMX HAaBMYOK. 30ip HaHUX 37Ii/ICHIOBABCSA Iepef; IOYATKOM 1 IiC/IsA 3aBepIIeHHs JOCTIIYKEeHHS.
3 MeTo10 OLiHKY 0y/10 06paHO HACTYIIHI TOKa3HUKM: CIpUHTepChKiit 6ir Ha 20, 30 1 50 MeTpiB, a TAKOXX CHPUTHICTD, IIBU/KICHA
BUTPUBAJICTD i BUTPUBAJIICTb CeplieBO-CyAMHHOI cucremu. OTpuMaHi JJaHi Ha Iepeji- Ta MiCAATECTOBOMY €Talax JOC/TiI)KEeHHs
IifIZIATa/M 3aCTOCYBaHHIO CTAaTUCTUYHIX aHATITUIHIX METOZIB.

PesynbraTu. PesynbraTu nNpoBefileHHA CTaTUCTUYHUX AHAJITUYHUX METOMIB BKA3yIOTb HA 3HAYHMII NO3UTUBHMII BILIUB,
TNOCATHYTUI! 3aBJAKM BUKOHAHHIO 12-TMKHEBOTO HABMYKO-OPIEHTOBAHOTO iHTeHCHBHOro TpeHyBaHH:. Ipynma HOT HesminHO
IeMOHCTpYBasa Kpaly pe3ynpratuBHicTb nopiBHAHO 3 KI. IIpo 1ie cBigunTh 3HaYHO MIBMALINIL YacC MIOJOMAHHA AXCTaHLi 20 M,
30 M1 50 M, a TakO)X BMKOHAHHA 3aBJaHb Ha CIpUTHICTb. KpiM Toro, rpyna HOT pocarna BUIMX pe3ynbTaTiB 3a MOKa3HUKAMU
BUTpuBanocti. Poamipu edexry, 1o crioctepiranucs B JOCIPKeHH], BUABMINCH JOCUTD CYTTEBUMI, 110 BKa3y€ Ha HasABHICTD ic-
TOTHMX BifIMiHHOCTel MiX rpynaMu. Takox BapTo 3asHaunTy, mo B KI' He 6y110 3ahikcoBaHO BUpaXXKeHMX 3MiH Y )KOTHOMY 3 IIO-
Ka3HVKIB Ha IIepiofl Bifi epef- N0 MiCIATeCTOBOTO eTaliB JOCTiIPKEHH .

Bucnosku. Ilicna sakindeHHA 12-TM>KHEBOTO Iepiofly crocTepiranocs, 1110 HABUYKO-OPi€EHTOBaH] iHTepBanbHi TPeHyBaHHA
MaKCMMa/IbHOI iIHTeHCUBHOCTI, IIPU3BOAATH O 3HAYHOIO IOKPAlleHHs aHaepoOHOI Ta aepoOHOI mpoayKTuBHOCTI. Taki TpeHy-
BaHHA € BOX/IMBOIO CK/Ia/J0OBOIO MiIFOTOBKY CIIOPTCMEHIB /10 3aBepIIeHHs Ce30HY. 3TiIHO 3 JOCTIPKEHHAM, TPEHEPaM 3 XOKeI0 Ta
IHIIMX BUJIIB CHOPTY PEKOMEH/IYEThCA 30CEPENUTH CBOL 3yCHU/IIA Ha NPOBEJEHHI HaBMYKO-OPi€HTOBAHMX iHTE€PBA/IbHUX TPEHY-
BaHb MaKCUMa/IbHOI iHTeHCHBHOCTI. ITompu BigCyTHICTD CIeliabHOI OLiHKY TeXHIYHMX 3[416HOCTEI, JOCTIAYKEHHs BCTAHOBIIIO,
1[0 3a3HAaYeHa METOfYIKa TPEeHYBaHb CIPUSE CYTTEBOMY MifiBuIeHHIO (isndHOI npatesgaTHOCTI. [IpencTaBieHe fOCTiIKEHHs
i TpeHyBaHHA MOXKYTb CTaTV KOPMCHUM iIHCTPYMEHTOM JI/I CIIOPTCMEHIB i TPEHEPIB, AKi HaJaloTh IPIOPUTET BifiTOYYBAHHIO CBOIX
HaBUYOK.

KnrouoBi croBa: HaBuuko-opieHToBaHe TpenyBanHs, BIIT, xokeii, pisnyHa npaiesgaTHicTb, METON TPEHYBaHHS.
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Abstract

Background. In swimming championships, strategy setting is considered to be the main factor, especially

in the middle and long-distance events. Implementing a strategic change can indirectly affect the final results.
Objectives. The study aimed to find out whether there were any significant differences in reaction time (RT),

final time (FT), and strategy for each split time (ST) in the men’s and women’s 400 meters freestyle events

at the Olympic Games held in Tokyo (2021), Rio de Janeiro (2016), and London (2012).

Materials and methods. This study used quantitative methods with a sample size of 48 athletes. The data source
included using the secondary data. Descriptive statistics are presented in the form of means and standard deviations.
The Shapiro-Wilk test was used to test the normality of the data. To compare RT, FT, and ST data, the one-way
ANOVA test was conducted. The linear regression test was used to determine the effect of RT on the first ST.
Results. The findings of this study indicate that there were differences in the RT of male athletes during the

3 Olympics. The study also revealed variations in average speed. In general, swimmers accelerated their speed at ST1
and ST8. This occurred at the Tokyo 2021 and Rio de Janeiro 2016 Olympics, while at the London 2012 Olympics,
swimmers accelerated their speed only at ST1. Additionally, the results demonstrated that RT had an influence of
0.381 (14 %) on the first ST in male athletes, whereas the influence in female athletes was less marked - 0.066 (4 %).
Conclusions. This study concludes that ST1 and ST8 are the most crucial components in the 400 meters freestyle
swimming for both male and female athletes. Coaches and athletes must be very careful in carrying out special
training at the tapering stage so that athletes can achieve the right time to produce the best performance.

Keywords: swimming strategy, performance, analysis, olympics.

Introduction

In swimming competitions where a small difference
of milliseconds can determine success especially in the
Olympic championships (Post et al., 2020; da Silva, 2019).
By optimizing the performance speed athletes can achive
their best performance (Bishop et al., 2009). To achive the
best performance in swimming really depends on several

© Nirwansyah, W. T,, Pramono, B. A,, Siantoro, G., Muhammad,
Kusuma, I. D. M. A. W,, Fajar, M. K., & Yacob, M. R. b., 2024
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factors such as biomechanics, swimming strategy, physiology
and physicology (Ben-Zaken et al., 2022; Gonjo & Olstad,
2020; Meggs & Chen, 2019; Price et al., 2024). Small
mistakes made by swimmers in making disproportionate
changes in movement can cause enormous hydrodynamic
resistance in changing speed (Pramono et al., 2023; Takagi et
al., 2023). These obstacles cause a loss of energy in swimmers
that should be used to accelerate swimming (Fone, 2022).
The 400-meter freestyle swimming event is a middle-
distance race lasting approximately 3.5 to 5 minutes, char-
acterized by a predominantly aerobic energy contribution
of about 88% (Correia et al., 2020). This race number re-
quires strength and VO, max that is high enough to be able
to maintain performance while swimming (Sokotowski,

928



Nirwansyah, W.T., Pramono, B. A,, Siantoro, G., Muhammad, Kusuma, I. D. M. A. W., Fajar, M. K., & Yacob, M. R. b. (2024). Olympics:
Improving the Competition Strategy in Each Skill Technique of Elite Swimmers for the 400 meters Freestyle

Bartolomeu et al., 2022; Sokotowski, Strzala, & Zegler'l,
2022). This number is supported by a combination of con-
tribution of lactic acid and anaerobic glycolysis (Campos et
al,, 2017). Therefore the coach must understand what energy
is used in athlete during the race.

Planning the right competition strategy is a major
factor and is considered very important in swimming
championships (Polach et al., 2021). Athletes who have
reached their elite level have an excellent strategy (Born,
Lomax, & Romann, 2020). Although there are slinght
physiological differences from other athletes, winning or
losing athletes depend on their ability to regulate energy to
prevent premature fatigue (Skorski & Abbiss, 2017). In a race
swimmers may try to disrupt their copetitors race strategy
by accelerating at the start or slowing down earlier than
expected, this makes some swimmers position themselves
in such a way to avoid the turbulence strategy created by
their competitors (McGibbon et al., 2018).

Changes in strategy in swimming competitions can indi-
rectly affect the speed of movement, therefore it is im-portant
for a coach to update his understanding of startegies in start-
ing, half time, turning, and time before the finish (Morais et
al.,, 2019; Morais, Barbosa, Forte et al., 2021). In Indonesia,
there are still many athletes and coaches who do not know
the strategy for swimming in the middle and long distanc-
es, so athlete just swim as fast as possible to the finish line
without understanding how much energy they are using. The
coach must also be careful in applying the understanding of
race analysis to the athlete’s strategy, because the strategy in
the old championships may have been different from the cur-
rent championship strategy (Gonjo & Olstad, 2020).

Materials and Methods

Study Participants

This research was conducted using quantitative research
method, where the number of samples taken 48 athletes
with each number consisting of 8 athletes. To obtain
arespresentative sample, athletes who won position 1-8 in the
final match were chosen from number 400 meters freestyle in
3 Olympic London 2012, Rio 2016 and Tokyo 2021 (table 1).

Data Collection

In this study, data on reaction time (RT), Split Time (ST)
and Final Time (FT) were taken from the website! used as

Table 2. Description of normality tes ton splite time

Table 1. Profile athlete male and female in 400-meters freestyle

Rank Sex Lonzi:;e’.)wlz Rio 2016 (Age) TOIE:;;) 21
) Male  YS (20 years) MH (20 Years) AH (18 Years)
Female AS (22 Years) KL (19 Years) AT (20 Years)
5 Male TP (22 Years) YS (24 Years) JM (26 Years)
Female CM (22 Years) SS (22 Years)  SH (23 Years)
3 Male PV (28 Years) GD (21 Years) KS (21 Years)
Female BB (23 Years) EM (22 Years) PO (21 Years)
4 Male  YH (17 Years) CD (27 Years) HM (24 Years)
Female MF (17 Years) FP (28 Years) JY (19 Years)
5 Male  CD (23 Years) CJ (25 Years)  FA (24 Years)
Female FP (23 Years) DS (19 Years) KL (24 Years)
Male  GK (24 Years) JG (20 Years)  GD (26 Years)
6 Female VA (21 Years) BB (27 Years) BS (21 Years)
Male DC (30 Years) DM (24 Years) EW (21 Years)
7 Female CM (26 Years) MC (22 Years) FP (32 Years)
g Male RN (22 Years) JP (21 Years) JM (19 Years)
Female KP (22 Years) CB (21 Years) MW (27 Years)

secondary data. This research sample also does not use an
objective from because the data has been verified through
the official website of the Olympic.

Statistical Analysis

The descriptive statistics presented are the mean and
standart deviation, test the normality of the data using
Shapiro-Wilk test. In comparing data between Olympiads,
the multi-comparasion One-Way ANOVA method was
used to verify RT, ST, and FT between difference Olympiads.
Linear regression is used to determine how much influence
RT has on the first ST.

Results

Table 2 above shows the results of the Shapiro-Wilk
normality test on male and female athletes in the 400-meter
freestyle during the 3 Olympic Games. All results show that
both male and female athletes in each round have normal
scores with a value above 0.05.

Shapiro-Wilk

Sex Olympic Information

df ST1 ST2 ST3 ST4 ST5 ST6 ST7 ST8
Tokyo 2020 0.207 0.363 0.624 0.871 0.557 0.850 0.533 0.788

Male Rio 2016 8 0.962 0.885 0.132 0.688 0.063 0.579 0.381 0.315 Significant
London 2016 0.962 0.317 0.618 0.094 0.353 0.348 0.803 0.851
Tokyo 2020 0.265 0.729 0.835 0.976 0.420 0.919 0.585 0.705

Female Rio 2016 8 0.325 0.054 0.349 0.228 0.838 0.449 0.764 0.956  Significant
London 2016 0.468 0.963 0.062 0.571 0.789 0.341 0.308 0.158

! https://www.worldaquatic.org and https://www.swimswam.com

929



ISSN 1993-7989. elSSN 1993-7997. ISSN-L 1993-7989. Physical Education Theory and Methodology. Vol. 24, Num. 6

Table 3. Description of average result test on split time

M £+ SD
Sex Olympic
df ST1 ST2 ST3 ST4 ST5 ST6 ST7 ST8
Tokyo 2020 26.06 £0.54 28.17 £0.16 28.43 +0.12 28.63 £0.23 28.51 + 0.33 28.65 £ 0.12 28.37 + 0.20 27.48 £ 0.33
Male Rio 2016 26.03 £0.27 28.10+£0.16 28.53 +0.17 28.65 £ 0.23 28.60 + 0.47 28.60 £ 0.34 28.28 + 0.78 27.41 £0.99
London 2012 26.08 £0.33 28.23 £0.33 28.58 + 0.15 28.84 £ 0.37 28.50 + 0.36 28.69 + 0.40 28.40 + 0.75 27.68 £ 0.86
ANOVA 0.971 0.632 0.145 0.324 0.842 0.845 0.919 0.157
Tokyo 2020 28.38 £0.51 30.35+0.44 30.52 +0.47 30.79 £ 0.47 30.72 + 0.52 30.94 £ 0.60 30.82 + 0.80 30.12 £ 0.99
Female Rio 2016 28.50 £ 0.41 30.47 £0.49 30.67 = 0.47 30.98 £ 0.42 30.81 + 0.51 30.95 £ 0.44 30.78 £ 0.61 29.89 £ 0.57
London 2012 28.27 £0.33 30.43 £0.25 30.87 £ 0.22 31.09 £0.20 30.94 + 0.40 31.22 £ 0.33 31.01 + 0.44 30.28 £ 0.65
ANOVA 0.567 0.837 0.255 0.311 0.648 0.415 0.748 0.608
Male Female
304 324
-~ TOKYO 2020 -~ TOKYO 2020
29 - RIO 2016 31 - RIO 2016
o 284 -+ LONDON 2012 < 6o -+ LONDON 2012
£ £

274

N
o

Split Time

294

27 T T T T T T T T

Split Time

Fig. 1. Graph of the average male and female athletes for each 50-meter lap time

Table 3 above shows the results of the One-Way ANOVA
test and the average test results for male and female athletes
in the 400-meter freestyle during the 3 Olympic Games.
It can be seen that all the results show that both male and
female athletes did not experience changes in time during
the 3 Olympic Games with a value of > 0.05.

Fig. 1 shows that there are differences in strategies
among male athletes ahead of the Tokyo 2020, Rio 2016 and
London 2012 Olympics. At the 2012 London Olympics, on
average swimmers increased their speed at ST1, at ST2 to ST8
swimmers decreased and held their speed. Meanwhile, at the
Tokyo 2021 and Rio 2016 Olympics, on average, swimmers
increased their speed at ST1, at ST2 swimmers slowed down
and held their speed until ST7, at ST8 swimmers increased
their speed again. Female athletes experienced the use of the
same strategy as male athletes by using time acceleration at
ST1 and ST8 at the 2016 Rio Olympics only. This reduction
in speed can be a strategy chosen by swimmers to avoid
fatigue in the middle of the ST. Researchers also observed

that by using this strategy swimmers could increase their
speed in the final ST. This study also found a difference in
the average time at ST8. This can be influenced by increasing
stroke frequency and stroke length in swimmers. This is also
in accordance with research (Barbosa et al. 2008). States that
the greater the stroke rate, the faster the swimmer.

Table 4 above shows the average results of swimming
times for male and female athletes in the 3 Olympic Games.
Can be seen in male athletes, the acceleration in the 100-lap
occurred at the 2016 Rio Olympics with a time of 54.14,
the 200-lap occurred at Tokoyo 2020 with a time of 57.08,
the men’s 300 lap occurred at Tokyo 2020 with a time of
57.13, and in the 400 lap it occurred in Rio 2016 with a time
of 55.71. While for female athletes the first lap acceleration
occurred at the 2012 London Olympics with a time of 58.70,
in the 200 lap it occurred at Tokyo 2020 with a time of 61.32,
in the 300 lap it occurred at Tokyo 2020 with a time of 61.66,
and in the last lap there was an acceleration in Rio 2016
with a time of 60.68.

Table 4. Description of the average swimming time result for each 100-meters

Sex Olympic M2 SD
100 200 300 400
Male Tokyo 2020 54.23 £ 0.63 57.08 + 0.34 57.13 £ 0.43 55.83 + 0.40
Rio 2016 54.14 £ 0.32 57.20£0.26 57.36 £0.92 5571+ 1.71
London 2012 54.32 £ 0.61 57.43 £0.51 57.19 £ 0.69 56.57 £ 1.66
Female Tokyo 2020 58.73 £0.90 61.32+£0.93 61.66 = 1.07 60.95+ 1.78
Rio 2016 58.97 £0.88 61.65 = 0.86 61.77 £0.92 60.68 £ 1.06
London 2012 58.70 + 0.55 61.96 + 0.38 62.17 £0.72 61.29 + 1.00
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Fig. 2. Graph of the average male and female athletes for each 100-meter lap time

Fig. 2 above shows the average results in each 100-meter
lap for male and female athletes. Male athletes experienced
time acceleration at the Tokyo 2020 and Rio 2016 Olympics,
while at London 2012 they did not experience time
acceleration. Meanwhile, female athletes did not experience
time acceleration during the 3 Olympic Games.

Table 5. Normality test result on RT and FT during
3 Olympic Games for male and female athletes

Shapirow-Wilk

Sex Olympic Information
RT FT

Tokyo 2020 0.806 0.056

Male  Rio 2016 0.564 0.128  Significant
London 2012 0.921 0.402
Tokyo 2020 0.482 0.494

Female Rio 2016 0.200 0.394  Significant
London 2012 0.600 0.244

Table 5 shows the results of the normality test carried
out on the RT and FT variables for male and female athletes.
All results show a normal distribution with values above 0.05
so that a difference test can be carried out.

Table 6. Average result and one way ANOVA difference test
RT and FT

Sex Olympic ANOVA ANOVA
Tokyo 2020  0.70 + 0.03 224 £0.70
Male Rio 2016 0.71+0.04 0.746 224+225 0.461
London 2012 0.71 + 0.02 225+ 3.16
Tokyo 2020  0.72 + 0.04 242 £4.17
Female Rio 2016 0.72+£0.03 0.854 252+3.46 <.001*
London 2012 0.73 + 0.03 254 £1.92

Table 6 shows the One-Way ANOVA test on the RT
and FT variables, In the RT table, male athletes show
no difference with a value of 0.746 for the FT variable, there
is also no difference with a value of 0.461. Interestingly,
in female athletes, there is a significant difference in the
FT value with a value of <.001, but in RT there is no change
in time acceleration with a value of 0.854.

Furthermore, the table explains the effect of RT on
ST1 using a linear regression test. Based on the results
of the analysis above, male athletes have an influence of

0.381 (14 %) with a value of 0.001, and for female athletes,
RT has a slight influence on ST1 with 0.066 (4 %) with a value
0.342 in the 400-meter freestyle.

Table 7. Linear regression test on the influence of the RT to

first ST
Sex Variable R Square Sig.
Male 0.381 0.001
RT vs ST1
Female 0.066 0.342
Discussion

The aim of this research is to provide standards
in strategies for developing swimming sports training
programs, especially in the 400-meter freestyle. This analysis
was carried out based on two categories ST, RT and FT for
male and female swimmers who made it to the final round
at the Olympics between 2012 and 2020.

The main finding in this research is that there are
different strategies for each of the 3 Olympics held. At the
2012 London Olympics, the average swimmer only acce-
lerated at ST1, while in the next ST until the end of the
lap, both male and female athletes used constant speed.
In contrast to the Tokyo 2020 and Rio 2016 Olympics, at
ST1 the swimmers accelerated their speed, then at ST2 to
ST7 the swimmers reduced their speed and used a constant
rhythm and did not change their speed. Then in the last
lap the swimmer relatively increases his speed. The strategy
used by the average swimmer at the Tokyo 2020 and London
2016 Olympics uses a parabolic strategy, characterized by
speeding up the swim at the start, followed by decreasing
speed in the middle, and increasing speed in the last
50 meters (Mauger et al., 2012; Mytton et al., 2015; Oliveira
et al,, 2019). By reducing speed in the middle of this lap, we
hope this will save energy for athletes until the last distance
before the finish. Not only that, an increase in the num-
ber of strokes can cause an increase in swimming speed
(Simbafia-Escobar, Hellard, & Seifert, 2020). Thus, elite
swimmers can implement strategic settings in decreasing
the total number of strokes or increasing the total number
of strokes to minimize the decrease in speed in the middle of
the race (Hellard et al., 2008). Elite athletes can minimize the
decrease in speed very well in remembering every pull they
do (Skorski & Abbiss, 2017). To achieve these abilities they
must have experience and excellent training (Micklewright
et al., 2010; Skorski et al., 2014). So the ability possessed
by swimmers can utilize their own energy effectively and
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at the same time can reduce fatigue in the initial phase (Puce
et al. 2023).

ST1 times in all Olympics in this study, both male
and female athletes produced faster times due to the large
amount of energy the athletes had as well as the additional
jumps and glides, this resulted in much faster times than
the next ST (Mazzilli, 2019). This research found another
thing that RT can have an influence of 14 % (0.381) on the
first ST. So this research is in accordance with previous
research stating that when a swimmer leaves the starting
block, speeding up the RT can provide an advantage to the
swimmer, although this may decrease as the distance of the
race increases (Born et al., 2024). By speeding up the jump
from the starting block in the first ST, the speed of time will
be much faster than in the next ST. Elite swimming at the
start is related to the lower limb strength generated at the
start (Carvalho et al., 2023) and in the water phase (Peterson
Silveira et al., 2018). So that in the first 50 meters there is an
acceleration of time, this is also the same as several other
studies which state that optimal RT will have an impact on
the swimmer’s first ST (da Silva 2019). However, this has
not had a high enough influence on female athlete’s with an
influence level of 4% (0.066). However, in contrast to the
results of different RT and FT tests at each Olympics, this
study found that the RT and FT 400-meter freestyle did not
change over time during the 3rd Olympics. These differences
indicate that each coach and athlete has adapted a unique
strategy to improve their performance when starting
swimming competitions. so that increases in ST, RT and FT
are also related to the final results of the swimming athlete’s
performance. When jumping, swimmers can reach their
maximum speed, so that swimmers can reach the 15-meter
limit in a faster time (Morais, 2023; Thng et al., 2020), this is
due to the lower drag force when underwater compared to
when on the surface (Tor, Pease, & Ball, 2015).

Other results in this study found that the RT and FT
400-meter freestyle did not experience changes in time for
male athletes during the 3 Olympics. However, this is different
from female athletes, where there is a difference in final
acceleration during the 3 Olympic Games. This difference in
time acceleration indicates that each coach and athlete has
adapted a better strategy to improve their performance when
starting swimming competitions. So that increases in ST, RT
and FT are also related to the final results of the swimming
athlete’s performance.

Conclusions

This study found a very interesting new thing in
the strategy used by swimmers in the 400 meters, the first
and last splits are the most important part of the strategy for
achieving the best time in the 400 meters freestyle. These two
indicators look so simple, but in the process of realizing
the first and last split time athletes must have very optimal
performance. Besides that the split time in each lap must
be conditioned by being measured by each athlete. Athletes
and coaches must be very careful in carrying out swimming
exercises, especially in tapering exercises, the achievement
of time must be ensured precisely and measurably so as to
produce the best time in the 400 meters freestyle. Tapering
exercises will provide experience for athletes in managing
the energy expended while swimming. Future research will

be better by adding other indicators such as calculating
stroke rate, physiology, and biomechanics of movement.
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Bapictpa Tro HipBanmax'4®<PE, Baro Aryn IIpamono'A5¢P,
TI'irix Ciantopo'?, Myxammapn'AP, I [lea Mapme Apsananpga Bimkas Kycyma'®P,
Myxammag Xapic ®amkap'®®, Moxamap Posi i6H SIx06*P

'Cypabaiicbknii ep>KaBHUI YHiBepCUTET
*YuiBepcureT Manaiisa

ABTOpPCHKMIT BKIA: A — Au3aitH gocnipkeHHs; B — 36ip ganux; C - craraHanis; D — migroroska pykormucy; E — 36ip komtis

Pegepar. Crarrsa: 8 c., 7 Tabu., 2 puc., 36 mxepena.

Icropis muranus. Ha yemmioHarax 3 I1aBaHHs BUSHAYEHHs CTparerii BBAYKAETbCS TOIOBHUM YMHHIKOM, 0COO/IIBO Y 3Ma-
TaHHAX Ha CEpefIHi Ta JOBTi [UCTaHLil. BupoBamkeHHs 3MiH [0 cTpaTerii Mo)ke OIIOCEpeIKOBAHO BIUIMHYTY Ha KiH1leBi pe3y/IbTaTu.

Merta gocifxeHHsa. MeToo [OCTifKeHHs 6y/I0 3’ACyBaTH, YU ICHYIOTh JOCTOBIPHI BIAMIHHOCT] Y HACTYIIHUX IIOKa3HMKaX:
vac peaxuii (UP), ¢pinansumit vac (PY) ta crparerii A1t KOXXHOTO Iepiony mpombkaoro dacy (ITH) y sMaraHHsX 3 ITaBaHHS
Ha gucraHuii 400 MeTpiB BiTbHUM CTUIEM cepef Y0OBiKiB Ta >XiHOK Ha OmiMmiricpkux irpax B Tokio (2021), Pio-ge->Kaneiipo
(2016) Ta Jlongowi (2012).

Marepianu Ta MeToau. Y IOCTII>KeHHI 3aCTOCOBAHO Ki/IbKicHI MeToau 3 06¢csarom Bubipku 48 croprcMenis. [Jxepeno iH-
¢dhopmaril BK/II0YaI0 BUKOPUCTAHHS BTOPUMHHUX faHux. OIMcoBa CTaTUCTIKA [IPECTaB/IeHa Y BUITIS/L CepeHiX 3HaYeHb i CTaH-
DApTHUX BiIXWIeHb. 3 MeTOIO IepeBipKM HOPMa/lIbHOCTI JaHUX BMKOpucTOBYBaBcA kputepiit [lamipo-Binka. 3a momomoroxo
opHodakTopHOro Aucnepciiioro ananisy (ANOVA) mposezeHo mopiBHsibHMIT aHanis ganux YP, @Y ta I1Y. [l BusHaveHHs
BBy UP Ha nmokasHuk nepiuoro nepiopy IT4 sacrocoBano Tect niniriHoi perpecii.

PesynbraTn. PesynbpraTyi mpoBeleHOrO JOC/IIKEHHA BKa3ylOTh Ha HaABHICTh BiIMiHHOCTel y NoKasHuKax 4P coprcmeniB-
YOJIOBIKiB BIIPOA0BXK 3-X OnmiMmiiicbKux irop. JJocmimKeHHs TaKOXK BUABUIO 3MiHM B IIOKa3HMKAX CePEHbOI IIBUAKOCTI. 3arasom
IIaBLi 301IbLIIN CBOKO MIBMAKICTD Ha piBHsX ITY1 ta ITY8. Taki mani crocrepiramucs Ha Omimmilicpkux irpax y Tokio-2021
ta Pio-pe->Kaneitpo-2016, Toxi sik Ha OmiMmiricbkux irpax y JIongoni-2012 mraBii 36i1bvm mBMAKICTD muire Ha piBHi [TH1.
Kpim Toro, pesynpratu npogeMoHcTpyBany, mo YP mas s 0,381 (14 %) Ha nmokasHuk nepuroro nepiogy IT4 y cioprcmeHis-
YOJIOBIKiB, TOZi SIK Y CIIOPTCMEHOK 1ie 3HaYeHHs 0y/10 MeHI BupaxeHnM — 0,066 (4 %).

BucHoBKuM. Y 1IbOMY JOCTiIKEeHHI BCTaHOBJIEHO, 110 mokasHuky [191 i ITY8 e nHajiBax/MBimMy KOMIOHEHTaMH Y IIJIa-
BaHHi Ha 400 MeTpiB BUIBHMM CTWUJIEM sK Cepell CIIOPTCMEHIB 40/IOBivOl, Tak i >kiHO4OI cTaTi. TpeHepy Ta CIIOPTCMEHN MAlOTh
3 0COO/IMBOIO PETENbHICTIO MAXOAUTY O IIPOBEIeHH: CIelia/IbHUX TPeHYBaHb Ha eTalli Telinepinry (aHI. tapering — e dasa
HiITOTOBKY, LIO HepPefye 3MaraHHsM, IIij] 9ac SIKOI IIPOBOJSATD 3HVDKEHHS TPEHYBAJIbHOIO HaBaHTAXXEHHs), 100 3abesmednTn
CIIOpPTCMEHAM IOTPIOHMIT Yac /I JOCATHEHH: HalKPAIoro pe3y/IbTary.

KnrouoBi cnoBa: crpareris niaBaHHA, Ppe3ynbTaTUBHICTD, aHaJIi3, O/liMIIiaa.
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Abstract

Background. Attack efficiency in the game of volleyball is of paramount importance in winning competitions.
Objectives. The study aimed to analyse the differences in attack efficiency between teams of varying value levels,

according to their position in the ranking.

Materials and methods. All 12 teams participating in the men’s national first league championship were analysed
using the Data Volley software. The attack parameters were compared between teams in the first half of the ranking
vs teams in the second half. Another comparison was performed for 3 value levels of the top teams (top, middle,

and low).

Results. The Mann-Whitney U test (used to assess the differences between teams in the first half vs. teams

in the second half of the ranking) indicates Z values associated with statistically significant thresholds (p < 0.05)

for most of the attack indicators, except Blocked but recovered% (p > 0.05). The situation is similar also for

the Kruskal-Wallis test, where x* values indicate significant differences between the three levels of the teams for most

of the parameters, except Blocked but recovered%.

Conclusions. The findings reveal the higher values of attack efficiency and its parameters for the teams placed in the
top positions of the ranking. The teams in the first half of the ranking have better percentage values on the executions
associated with Winning% and Positive%. The attacking players of these teams also demonstrate lower percentage
scores on the executions associated with Error%, Blocked attack% and Poor%, thus committing fewer mistakes.

The situation is similar when comparing the top vs low and middle vs low pairs, where only for Blocked but
recovered% no significant differences have been identified. These results support the need to focus on making

the volley attack more efficient as a decisive factor in competitive success.

Keywords: attack efficiency, errors, value level, differences, volley.

Introduction

Investigations on men’s youth (high-level) national
teams participating in the Volleyball World Championships
have identified the importance of strong, fast, and accurate
attacks in achieving success. This process ensures overcom-
ing aggressive defences. However, the execution of these at-
tacks requires a high technical level and superior adaptability
to the variable conditions of the volleyball game (Costa et al.,
2010). The analysis of elite team matches (World Cup) iden-
tified 3 factors that increase attacking efficiency: Number of
blockers, Attack tempo, and Attack type. Attack tempo 1 and

© Mocanu, G. D, Harabagiu, N., & Parvu, C., 2024.
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Power attack ensure the highest chances of winning points
(Castro et al., 2011). The positive results of the teams at the
Volleyball World Championship indicate the importance of
attack efficiency for winning sets. The points accumulated
in attack were more when preceded by perfect dig execution
(Monteiro et al., 2009).

Research on junior and senior men’s and women’s vol-
leyball teams reports a similar level of knowledge of indi-
vidual attack principles in volleyball. The level of experience
and gender do not influence the correctness and speed of
choosing attack solutions by computer simulation (Szade
& Szade, 2005). Comparisons of game actions and attack
efficiency between male and female teams in the Estonian
volleyball championship indicate a higher efficiency of men.
Male teams use more fast attack/tempo 1, but also a vigorous
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spike more often than female teams (Stamm et al., 2016). The
gender comparison for attack and serve efficiency (male vs
female volleyball teams participating in the European Vol-
leyball Golden League) shows differences. Males risk more
on serve and have higher efficiency in attack compared to
females. Male opposite players have superior involvement
and efficiency in attack vs female opposite players (Lima et
al., 2019). Another study analyses predictors of success for
volleyball teams participating in the European Champion-
ship and shows gender differences. For females, the most
important predictors are excellence and attack efficiency.
However, for males, points accumulated from service win-
ners and points obtained from kill blocks are more relevant
(Pridal & Priklerovd, 2018).

The attack analysis for the first Romanian men’s volleyball
league indicates the importance of short lift which precedes
the most efficient attack. However, average lifting precedes
most attacks. Zone 4, then zone 2 are the most required for
attack execution in both variants (attack after reception and
attack on dig) (Cojocaru & Cojocaru, 2018). The individual
characteristics of volleyball players at the elite level can greatly
vary at the top level. Different approaches to the phases of the
game and exploring the abilities of one’s team are important,
avoiding the application of standardized patterns. For the
offensive phase, variables with high levels of centrality are:
Attack Zone 4, Attack Tempo 2, Power Attack, Attack Effect
Continuity etc. (Rocha et al., 2023). For teams in the attacking
phase in volleyball, reducing the opponents™ possibilities of
anticipating actions requires having varied strategies and
ways of approaching the attack (Marcelino et al., 2014).
The duration of rallies influences the teams’ chances of scoring
points. For short rallies (8-10 s), if the rally is not completed
after the first attack, then the team that executed the serve
can perform the attack and get the point. For longer rallies
(more than 10 s), both teams have balanced chances of success
(Sanchez-Moreno et al., 2017). Regarding the technique of
hitting the ball in a volleyball attack, there are studies that
analyse the evolution of this variant at the Olympic Games.
It was found that the most commonly used procedures are
Circular and Snap arm swing, with effects in reducing injuries
and increasing ball speed (Giatsis & Tilp, 2022).

Improving the attack success for high-level Cypriot
volleyball players is conditioned by the optimization of
vertical jump heights and attack technique. It was found
that attack efficiency is better with age increase, but higher
spike speeds (over 90 km/h) reduce efficiency, according to
Challoumas and Artemiou (2018). For volleyball players,
significant relationships were found between the value of
jumps during attack actions and the final winner/loser
outcome. Increasing the value of jumping ensures the
efficiency of offensive actions, according to Joksimovic
et al., (2024), Pawlik and Mroczek (2023). Other studies
explain the association between the physical performance
of elite volleyball players and game action performance
during a competitive season (Garcia-de-Alcaraz et al,,
2023). Executing an attack from the second line increases
point winning opportunities. This variant requires an
improvement in the explosive arm strength for the attack
and the movement speed required for execution from zones
1 and 6 (Cojocaru & Cojocaru, 2019).

The use of the Attack-Block-Court Defence algorithm
allows coaches to perform a personalised design of attack

and defence systems, based on the relationship between at-
tacker and blocker (Cantu-Gonzalez et al., 2022). The use
of algorithms for statistical analysis of technical and tactical
indicators of competitive activity in volleyball is very useful
for modifying the training process. Game positions, perfor-
mance indicators, individual and group actions for attack
and defence, critical moments, quantitative indicators, etc.
are interpreted (Iermakov et al., 2023; Oliinyk et al., 2021;
Szabo et al,, 2019). The use of Data Volley software facilitates
the analysis of technical-tactical performance in volleyball
games. It ensures an understanding of the relationship be-
tween the reception zone and attack quality (Fatahi et al,,
2022). Data Volley Software is the most widely used version
in volleyball worldwide. Its use allows the understanding of
the dynamics and evolution of the volleyball game, identify-
ing the factors that influence the performance of the anal-
ysed teams (Silva et al., 2016).

Research on men’s volleyball teams in Greece has deter-
mined 5 skills that make the difference between top and lower
level teams: serve, pass, block, attack after passing, and attack
after defence. The ratio of successful vs unsuccessful execu-
tions is an indicator of skill performance (Drikos & Tsoukos,
2018). The quality of the opponents/quality of the opposi-
tion directly influences the choice and execution of technical-
tactical actions in elite volleyball. For matches with value-
balanced opponents, the risks taken are lower. Facing weaker
opponents/unbalanced opponents also increases the chances
of choosing riskier solutions (Marcelino et al., 2011).

Most of the analysed references indicate the importance
of attack in men’s volleyball as a decisive element in achieving
competitive success. Our research aims to analyse the differ-
ences in attack efficiency (E%) between teams of different
value levels, according to their position in the ranking.

H1: Weestimate that we will obtain significant differences
in attack efficiency (E%) and its associated variables between
men’s first league teams (first half of the ranking vs second
half of the ranking).

H2: Weestimate that we will obtain significant differences
in attack efficiency (E%) and its associated variables between
menss first league teams (categorized for top, middle, and low
levels).

Materials and Methods

Study Participants

All players in the Romanian men’s first division volley-
ball championship (86 participants) were included in the
study. They have positions and attributes related to the attack-
ing phase (outside hitter, opposite hitter, and middle blocker).
The requirements to ensure the confidentiality of the data ob-
tained from the participants, according to the Declaration of
Helsinki, were respected (Sandu, 2012; “World Medical Asso-
ciation Declaration of Helsinki’, 2013). The consent of the Eth-
ics Committee of the Faculty of Physical Education and Sports
(242/10.07.2024) was obtained for the publication of the data.

Study Organization

The Data Volley software was used by each of the 12 teams
to record the specific parameters of the attack phase, during
three stages of the championship (2018). For each player, the
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Table 1. Attack execution variants and their encoding

Scale Code The meaning Description
1 = Error (Out, net ball, invasion)
2 Blocked attack (Point goes to the opponent)
3 - Poor (Easily dug by the opponent who can try and play the ball again)
4 ! Blocked but recovered  (Blocked but recovered by the home team)
5 Positive (Opponent defended with difficulty and the home team can try and play the ball again)
6 # Winning (Direct point)

attack efficiency (E%) was calculated and the attack execu-
tions were categorized into 6 qualitative levels, according to
Table 1, which summarizes the codes and their meaning, ac-
cording to the Data Volley book (Data Project, 2024).

All data was transferred to the Human Performance
Research Centre of the Faculty of Physical Education and
Sports of Galati. The data was centralised and grouped
according to the value level for the players of the teams in the
first half (6 teams) and second half (6 teams) of the ranking.
For a more precise analysis, it was also grouped into 3 value
levels (top/teams 1-4, middle/teams 5-8, low/teams 9-12).

Statistical Analysis

SPSS Software was used for data transfer and statistical
calculation (Statistical Package for the Social Sciences/IBM
(Vers. 24 Chicago, IL, USA). Descriptive statistics were
applied to obtain mean values and their associated indicators.
The Shapiro Wilk test was used to assess the normality of
data distribution. The nonparametric Kruskal-Wallis and
Mann-Whitney U tests were applied to identify differences
between groups of established value levels. The confidence
interval was set at 95 %.

Results

Table 2 summarizes the data for attack across
the entire lot, with mean values, lower/upper limits, and
the sum of executions. The minimum negative value for

Attack Efficiency is found for a player in the low part of
the ranking. It can be observed that of the total executions,
most correspond to the winning variant and the fewest are
recorded for the blocked but recovered variant. Regarding
the percentages of the 6 execution steps, the highest average
values are for winning and poor, and the lowest for blocked
but recovered and blocked attacks.

The comparison of the percentages for attack efficiency
and the framing for the six levels of execution between
the averages of the first half and second half teams are shown
in Figure 1. We identified higher values for E%, winning
and positive variants in the first half group, while the values
for poor executions (error, blocked attack, and poor) are
higher for the second half group. However, for the blocked
but recovered execution variants, we identified similar
percentage values for the two batches.

Table 3 summarizes the significance of the differences
between the first half and second half groups. Significant
differences (p < 0.05) in favour of the first half lot are
obtained for E%, Positive% and Winning%, and in favour
of the second half lot for Error%, Blocked attack% and
Poor%. The only insignificant difference is for Blocked but
recovered%, where the Z value is associated with a p > 0.05.

The mean values for the independent variables studied,
resulting from dividing the sample into 3 performance levels,
are presented in Figure 2. The top group has higher scores for
E%, Winning% and Positive%, followed by the middle group.
For less successful or failed executions (Error%, Blocked at-
tack% and Poor%) higher values are reported for the low

Table 2. Average results of the independent variables for the whole group (n = 86)

Dependent variables Minimum  Maximum Sum Mean Std. Error Std. Deviation

Attack Efficiency (E%) -22.00 57.00 2106.00 24.4884 1.43169 13.27691
Total attack executions 8.00 145.00 3515.00 40.8721 2.97168 27.55819
(=) Error executions 1.00 15.00 355.00 4.1279 .37163 3.44638
(=) Error% 2.00 22.00 866.00 10.0698 42904 3.97874
(/) Blocked attack executions 1.00 18.00 330.00 3.8372 37641 3.49070
(/) Blocked attack% 3.00 32.00 768.00 8.9302 47705 4.42397
(-) Poor executions 1.00 24.00 557.00 6.48 .585 5.427

(-) Poor% 4.00 34.00 1285.00 14.9419 67135 6.22586
(1) Blocked but recovered executions 1.00 9.00 277.00 3.2209 21781 2.01991
() Blocked but recovered% 1.00 21.00 788.00 9.1628 .50003 4.63709
(+) Positive executions 1.00 25.00 467.00 5.4302 45974 4.26350
(+) Positive% 4.00 30.00 1149.00 13.3605 49895 4.62706
(#) Winning executions 3.00 71.00 1529.00 17.8605 1.36431 12.65205
(#) Winning% 17.00 67.00 3756.00 43.6744 98892 9.17085
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Fig. 1. Average attack efficiency values and percentages for the 6 execution variants at the first half and second half
of the championship level

Table 3. Results of the Mann-Whitney U test for pairwise comparison of results (first half vs. second half of the ranking)

Variables Level n Mean Rank Sum of Ranks ~ Mann-Whitney U z Sl_g'
(2 tailed)

first half 45 57.83 2602.50

E% 277.500 -5.580 .000
second half 41 27.77 1138.50
first half 45 32.28 1452.50

Error% 417.500 -4.381 .000
second half 41 55.82 2288.50
first half 45 35.10 1579.50

Blocked attack% 544.500 -3.282 .001
second half 41 52.72 2161.50
first half 45 29.57 1330.50

Poor% 295.500 -5.433 .000
second half 41 58.79 2410.50
first half 45 42.27 1902.00

Blocked but et ha 867.000 -482 630
recovered% second half 41 44.85 1839.00
N first half 45 56.74 2553.50

Positive% 326.500 -5.172 .000
second half 41 28.96 1187.50
o first half 45 56.82 2557.00

Winning% 323.000 -5.190 .000
second half 41 28.88 1184.00

batch, followed by the middle batch. Only for Blocked but
recovered%, we identified close values between the low and
middle batches.

The results of the Kruskal-Wallis test for the significance
of the differences between the 3 value levels are summarized
in Table 4. The x* values indicate the existence of significant
differences between the medians of the dependent variables,
except Blocked but recovered%.

The significance of the differences between the top vs
middle groups is presented in Table 5 Mann-Whitney U test.
The statistical superiority of the top group is confirmed for most
variables (Z values are associated with a p < 0.05). The exceptions
are Blocked attack% and Blocked but recovered% (p > 0.05).

The differences between middle vs low and top vs low
performance are summarized in Tables 6 and 7. In both
situations, we recorded significant differences for most of
the analysed variables, which indicates lower percentages
of success of the low group for Efficiency, Positive, and

Winning, plus higher percentages of the same group for
wrong or inefficient executions of the attack (Error, Blocked
attack, and Poor variants).

Table 4. Values of the Kruskal-Wallis test associated
with the dependent variables for the 3 ranking levels (top,
middle, and low)

Variables X df Sig.
E% 41.769 2 .000
Error% 22.479 2 .000
Blocked attack% 15.093 2 .001
Poor% 29.337 2 .000
Blocked but recovered% 1.195 2 .550
Positive% 34.933 2 .000
Winning% 34.176 2 .000
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Fig. 2. Average attack efficiency values and percentages for the 6 execution variants at the top, middle, and low levels
of the championship ranking

Table 5. Results of the Mann-Whitney U test for pairwise comparison of results (top vs middle of the ranking)

Variables Level n Mean Rank  Sum of Ranks Mann-Whitney U Z Slfg'
(2 tailed)

top 27 37.30 1007.00

E% 235.000 -3.000 .003
middle 32 23.84 763.00
top 27 23.61 637.50

Error% 259.500 -2.636 .008
middle 32 35.39 1132.50
top 27 25.74 695.00

Blocked attack% 317.000 -1.764 .078
middle 32 33.59 1075.00
top 27 22.87 617.50

Poor% 239.500 -2.938 .003
middle 32 36.02 1152.50
to 27 29.80 804.50

Blocked but P 426500 084 933
recovered% middle 32 30.17 965.50
B top 27 36.78 993.00

Positive% 249.000 -2.797 .005
middle 32 24.28 777.00
top 27 37.17 1003.50

Winning% 238.500 -2.951 .003
middle 32 23.95 766.50

Discussion (Rodriguez-Ruiz et al., 2011). The factors that determine

Many specialised studies confirm the importance of
attack in volleyball, as a decisive action in achieving victory.
Attack is the main factor in scoring points for top teams
participating in the European Championship. The number
of errors at this level is lower. However, for matches with
5 sets or long sets (more than 25 points) an increasingly
important role is played by the points obtained by blocking

performance in volleyball in 4 European leagues (Germany,
Italy, Poland, and Turkey) are diversified. Winning matches
are influenced by the following parameters: the number of
players earning points in attack, team value/team category,
service points, blocked balls, reception errors, etc. (Pefia &
Casals, 2016). For Spanish volleyball players (U19), the top
positions in the final ranking are influenced by the quality
of the attack and other phases of the game, except serve
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Table 6. Results of the Mann-Whitney U test for the pairwise comparison of results (middle vs low of the ranking)

Variables Level n Mean Rank  Sum of Ranks Mann-Whitney U zZ Sl,g
(2 tailed)

middle 32 40.09 1283.00

E% 109.000 -4.920 .000
low 27 18.04 487.00
middle 32 24.52 784.50

Error% 256.500 -2.681 .007
low 27 36.50 985.50
middle 32 25.00 800.00

Blocked attack% 272.000 -2.443 .015
low 27 35.93 970.00
middle 32 23.23 743.50

Poor% 215.500 -3.305 .001
low 27 38.02 1026.50
middle 32 28.30 905.50

Blocked but 377.500 832 406
recovered% low 27 32.02 864.50
middle 32 38.52 1232.50

Positive% 159.500 -4.167 .000
low 27 19.91 537.50
middle 32 38.50 1232.00

Winning% 160.000 -4.147 .000
low 27 19.93 538.00

Table 7. Results of the Mann-Whitney U test for the pairwise comparison of results (top vs low of the ranking)
Variables Level n Mean Rank  Sum of Ranks Mann-Whitney U zZ Sl_g'
(2 tailed)

top 27 39.48 1066.00

E% 41.000 -5.602 .000
low 27 15.52 419.00
top 27 17.89 483.00

Error% 105.000 -4.505 .000
low 27 37.11 1002.00
top 27 19.52 527.00

Blocked attack% 149.000 -3.741 .000
low 27 35.48 958.00
top 27 16.72 451.50

Poor% 73.500 -5.045 .000
low 27 38.28 1033.50
to 27 25.22 681.00

Blocked but P 303.000 -1.069 285
recovered% low 27 29.78 804.00
top 27 38.89 1050.00

Positive% 57.000 -5.344 .000
low 27 16.11 435.00
top 27 38.57 1041.50

Winning% 65.500 -5.180 .000
low 27 16.43 443.50

(Conejero et al., 2017). Our research supports these views,
highlighting a higher quality of attack for teams at the top of
the ranking.

The Brazilian Men’s Super League study highlighted
factors that condition the efficiency of attack in zone 4. These
refer to the quality of receptions, power of diagonal attack
and fast attack tempo (G. C. Costa et al., 2017). For men’s
beach volleyball competitions, differences are found
between the winning and losing teams for several variables.
Winners accumulate more points from counterattacks,
while opponents commit more attack errors (Medeiros et
al., 2017). Investigations at the level of top men’s teams in
European volleyball indicate the major role of attacking
and blocking, which make the difference between winning
and losing teams. Also, reducing the number of errors is

a goal pursued in training and competitions (Hayrinen et
al,, 2004). At the level of the Spanish men’s volleyball super
league, factors that can predict the chances of winning are
analysed. Placing at the top of the standings, the number
of attacks blocked by the opponents and reception errors
are indicators of winning or losing a match. Improving
performance implies increasing the attack efficiency and
decreasing unforced attacks related to errors (Pefa et al.,
2013). Regarding errors committed in attack execution, our
study identified higher Error%, Blocked attack% and Poor%
variances for teams placed in the lower part of the ranking.

Attack remains the main element ensuring success for
men’s volleyball teams (elite level) participating in world
tournaments. Most points are earned based on attack,
followed by block and serve (Bozhkova, 2013). For European
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men’s volleyball/elite teams, higher counter-attack phase/
spike efficiency scores were determined for the winning teams
compared to the losing teams. However, no differences were
also reported for attack phase spike, according to (Klaric¢i¢
et al,, 2018). Counter-attack efliciency, medium and slow
attack-tempo efliciency are predictors that differentiate top-
level teams from those placed in the lower echelon (Stutzig
et al., 2015). Our investigation identified higher values of
attack effectiveness by value level in three categories: 36.81 %
for low teams, 44.15 % for middle, and 49.96 % for top teams.

A 4-season study of the Italian men’s volleyball champi-
onship studied the relationship between pass quality and first
attack. Defeats are predicted by Error Attack over 10% and
Attack points under 51 %. Values less than 7% for blocked
attack and Attack points under 51 %. Values less than 7%
for blocked attacks and Attack points over 58 % indicate in-
creased chances of victory (Lobietti et al., 2009). In our re-
search, we obtained Error% values of 12.56 % for low teams,
10.06 % for middle, and 7.48 % for top teams. Regarding
Blocked attack%, our teams have values of 6.92% for top,
8.40 % for middle, and 11.56% for low, which is in confirma-
tion with the data of the previously analysed studies.

Strong and fast attacks are crucial in the volleyball game
for the elite male youth teams participating in the World
Championship. Powerful attacks facilitate getting points in
transition and side-out phases, according to (G. C. Costa et
al,, 2011). The factors that ensure victory for male teams of
3 value levels, participating in a world tournament (upper,
middle, and lower) emphasize attack efficiency as the main
argument. For elite teams, ace serves are a decisive factor
and defence errors are decisive for matches between teams
of different value levels (Drikos et al., 2022). The value level
of opponents (QO/Quality of opposition) in volleyball
influences the style of play. Value-balanced matches (top vs
top or weak vs weak) lead to more changes in the playing
style than those between opponents of different values (top
vs weak). This aspect is particularly found in the first age
groups (Garcia-de-Alcaraz & Marcelino, 2017). Analysis
of game phases for teams of young Spanish volleyball
players revealed differences in game actions, acting as
feedback for performance improvement. For serve, defence,
setting, and spike/attack these differences are significant
between winning and losing teams (Claver Rabaz et al,,
2013). Investigations on volleyball teams participating in
the World Cup determined differences in attack and serve
efficiency between top and lower level teams. Higher level
teams mobilize better and have better execution/rallies for
final sets. Lower level teams have a similar performance
during the sets/full match, according to R. O. Marcelino et
al. (2012). Our investigation identified higher values of the
first half teams than the second half teams for E% (31.66 %
vs 16.60 %), Winning% executions (48 % vs 38.92 %), and
Positive% executions (15.66 % vs 10.82 %).

For our study, the two working hypotheses are confirmed,
with significant differences for E% and most Attack variables
between teams of different value levels. The obtained results
are important indicators for coaches, who can identify the
weaknesses of their teams and find solutions to improve
attacks. The high volume of data resulting from the statistical
analysis did not allow us to present all the results. The values
and differences for the playing positions involved in the
attack (outside hitter, opposite and middle blocker) will be

presented in another scientific paper. Also, analysing the
type of attack and investigating complex 1 and complex 2 are
future research directions.

Conclusions

The results indicate the higher values of attack efficiency
and its parameters for the teams placed in the higher positions
of the ranking, which have valuable players with better results
for the attack phase. The teams in the first half of the ranking
have better percentage values on executions associated with
Winning and Positive. The attack players of these teams
also have lower percentage scores on executions associated
with Error, Blocked attack, and Poor, so they make fewer
mistakes. The situation is similar for the comparison of the
top vs low and middle vs low pairs, where only for Blocked
but recovered% we did not identify significant differences.
For the top vs middle pair, we identified higher attack
values for the first group, but no significant differences for
Blocked attack% and Blocked but recovered%. These results
support the need to focus on attack efficiency in volleyball as
a decisive factor in competitive success.
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AHani3 BigmiHHOCTe NOKa3HUKIB aTaKyluunXx Ain y yonosiuomy Bonenoéoni
neplioro AnBi3ioHy BigNOBiAHO [0 NO3MLINHOro CTaTyCcy KOMaHA

MDxopmk Janyr Mokany'A“PF, Hekynait Xapa6ariy'*’*, Kapmen IlapBy

'Tanmaupkuit yHiBepcuteT «HyokHin [TyHait»

1ADE

ABTOpPCHKMIT BT A — Au3aitH gocmipkeHHss; B — 36ip ganux; C - crataHanis; D — migroroska pyxonucy; E - 36ip KOIITIB

Pedepar. Crarrs: 10 c., 7 TabL., 2 puc., 47 mKeperL.

Ictopis muranHs. EQexTUBHICTD aTaKy04nX il y BONeO0/Ii Ma€ mepiiodeprose 3HaueHHsI B KOHTEKCTI 300y TTsI [IepeMOru

Y 3MaraHHAX.

Mera gocmimxeHHA. MeTor0 TOCTi)KeHHA OY/I0 IpoaHaIisyBaTi BifMiHHOCTI II00 e(DeKTMBHOCTI BefieHH: aTaKyIo4MX Aiit
MK KOMaHJJaMJ Pi3HOTO PiBHA 3HAYyLOCTI, 3TiTHO 3 IXHDOIO IO3UIIEI0 B PENTHHTY.

Marepiamu Ta MeTogu. Yci 12 KoMaHJ, 10 6€pyTb y4acTh y HAI[iOHaIbHOMY YeMITIOHATI IepLIOi JIrM cepef YONOBIKiB,
[IpOaHa/Ii30BaHO 3a HOIIOMOrOI0 IporpaMHoro 3abesnedents Data Volley. 3piiicHeHO HOpIBHANPHMII aHATI3 LIOKO NapaMeTpiB
aTaKyI4MX [ili MK KOMaH/IaMJM 3 IIepIIOl IIOJIOBMHM PEMTHHIY Ta KOMaH/IaMM 3 IPYTOl IIOJIOBMHMY PeiiTHHTY. Tako)K IpoBefeHO
HOPiBHANTbHMIT aHaMi3 3 piBHIB 3HAYYIIOCTI MPOBITHMX KOMaHJ, (BUCOKMIT, CepelHill Ta HU3bKMIL).

Pesynpraru. U-xpurepiit Manua-YiTHi (3aCTOCOBaHO /IS OL[iHKM BiAMIiHHOCTe! MK KOMaHJaMU IIEpIIO] IOIOBMHM peii-
THUHTY Ta KOMaHJaMM JPYroi MOJIOBMHM PeNTUHIY) BKa3y€e Ha Z-3Ha4eHH:, IIOB’sI3aHi 31 CTATMCTUYHO 3HAYYIUMIU [IOPOraMu
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(p < 0,05) st 6iBLIOCT] TOKA3HUKIB aTaKYIOYMX Jiil, 32 BUHSATKOM BifjcOTKa 6/I0KOBaHUX, are Bifontux yaapis (p > 0,05). Axa-
JIOTiYHA CUTYALis COCTepiraeTbcst Takox 3a Kpurepiem Kpackena-Borica, e 3HaueHH: X BKa3yIOTb Ha CYTT€EBI BifMiHHOCTI MK
TpboMa PiBHAMM KOMAH/J, /i1 O1IBIIOCTI ITapaMeTpiB, 3a BUHATKOM BifjcOTKa O/I0KOBaHIX, ajie BigOMTIX ymapis.

BucnoBku. OtpuMaHi faHi CBig4aTh PO BUIII ITOKa3HMKY e()eKTUBHOCTI BUKOHAHHA aTaKy Ta Ii mapaMeTpiB [y KOMaHI,
110 MTOCi/IaI0Th MPOBifHI M03u1il B peiiTiHry. KoManam 3 nepuioi MoJIoBMHY PETUHIY MAlOTh Kpallli Bi[COTKOBI IIOKa3HUKY BU-
KOHAHHA I0fja4, MOB A3aHNUX 3 BifJCOTKOM BUTPAHNX Ta YCHILIHMX HOAa4. ATaKylo4i rpaBli 3a3HaY€HNX KOMaH[ TAKOX JIeMOH-
CTPYIOTh HIDKYI BifICOTKOBI IIOKQ3HMKM BUKOHAHHS IOy, IIOB’A3aHMX 3 Bi[COTKOM II0OXMOOK, 0/I0OKOBaHNX aTaK i HeBaIMX Aii,
TOOTO HOIYCKAIOYM MEHINY Ki/IbKICTh MOMIMIOK. AHA/IOTiYHA CUTYallis CHOCTepiraeTbcs i 1Of0 MOPiBHAHHSA MOKAa3HMUKIB Iap
KOMaH/ 32 piBHeM 3HaYYIOCTi: BUCOKMIT — HM3bKIIL Ta CepefHiil — HU3bKMUIL, [ie /INIIe UL BiilcOTKa 67I0KOBaHMX, ajie BiffOuTIX
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Abstract

Objectives. This study aimed to prove the effect of contrast training using conventional deadlifts and air rowers on
the increase of leg muscle strength and VO,max in rowing athletes.

Materials and methods. This study used a true-experimental method with a two-group pretest-posttest approach,
involving a control group design. A total of 22 rowing athletes, aged 19-23 years, and recruited from the Surabaya
City training centre, were involved in the study. The athletes received a contrast training intervention with a high
intensity of 85-90 % 1RM, conducted thrice per week for a six-week period. Leg strength and back strength, leg
power, and VO,max were evaluated between pre- and post-intervention in each study group.

Results. The results showed that leg strength and back strength, leg power, and VO,max were found to be
significantly improved after performing a contrast exercise intervention compared to the control group (p < 0.05).
Conclusions. These findings suggest that contrast training combining conventional deadlifts and air rowers is

an effective method of increasing leg muscle strength and power, as well as VO,max in rowing athletes, so that it can
provide benefits to enhance the explosive strength and aerobic endurance of these athletes.

Keywords: explosiveness, rowing athletes, aerobic endurance, contrast training.

Introduction

In rowing sports, efficient and explosive movements
start from the push of the legs, which is the main source
of power for moving the boat (Vieira et al., 2020). The leg
muscles, especially the quadriceps, hamstrings, gluteus,
and gastrocnemius, play a crucial role in generating initial
strength during each cycle of rowing movements (Cardoso
et al,, 2024). Rowing athletes harness the strength of their
leg muscles to provide a strong push, which is then followed
by the contribution of the back and arm muscles (Chang
et al,, 2024). Rowing is a complex activity involving kinetic
chains that start from the push of the legs and move through
the upper body until reaching the pull of the paddle (Cady-
McCrea et al., 2024). Therefore, leg muscle strength is
essential in effectively transferring energy from the lower
body to the upper body (Vieira et al., 2020).

© Nurkholis, Kartiko, D. C., Subagio, L., Suyoko, A.,
& Pranoto, A., 2024.
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Posture control and stability are indispensable for
rowing athletes to maintain technical efficiency in each
movement (Duchene et al., 2024). Strong leg muscles not
only support force transfer but also contribute to postural
stability, ultimately improving rowing technique as well as
reducing errors that can affect performance (Chang et al,,
2024). Additionally, in race situations, especially at the start
and finish, rowing athletes need explosive power to provide
maximum acceleration in a very short time (Cardoso et al,,
2024). Leg muscle strength plays a key role in this critical
phase, where rapid acceleration and explosive thrust can be
the difference between victory and defeat (Chang et al., 2024).

In addition to the importance of explosiveness, stability
and balance when rowing also depend on the strength of the leg
muscles (Promsri et al., 2018; Alonso et al., 2011). If this force is
insufficient, the distribution of the load during rowing becomes
unbalanced, which increases the risk of injury, especially in the
back, knees, and ankles (Zemkova, 2022; Podgorski et al., 2020).
Previous research has shown that optimal leg muscle strength
is a predictor of success in rowing competitions (Thiele et al.,
2020; Lawton et al., 2013; McNeely et al., 2005).
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To increase the strength of the leg muscles, several exercise
methods can be used. One of them is contrast training, which is
an exercise method that combines heavy weight training with
explosive training in one session (Barra-Moura et al., 2024;
Paulo Henrique Pauli et al., 2023). Deadlift is one of the most
effective exercises in increasing posterior kinetic chain strength
in athletes, including rowing athletes, because it involves many
muscle groups, especially lower body muscles (Cholewa et al.,
2019). Previous research has shown that high-load resistance
training (= 85% of 1RM) is effective for improving explosive
strength and performance (Hagerupsen et al., 2024; Cormie et
al., 2010; Comfort et al., 2012; @vretveit & Toien, 2018).

In addition to deadlifts, the use of tools such as air
rowers in contrast training programs can provide explosive
exercises that mimic the specific movements of the paddles
(Thiele et al., 2020). Air rowers help to train the leg and
upper body muscles simultaneously, as well as improve
cardiovascular capacity and explosiveness (Chang et al.,
2024). The combination of deadlift as a weight exercise
and air rower as an explosive exercise in a contrast training
program is expected to increase leg muscle strength more
effectively compared to conventional methods.

This study aims to prove the effect of contrast training
that combines conventional deadlift training and air rowing
training on increasing leg muscle strength in rowing athletes.
Based on previous research that shows the effectiveness of
weight and explosive training, this research is expected to
make a significant contribution to the understanding of
optimal training programs for rowing athletes.

Materials and Methods

Study Design

This study uses a true experimental method with two
group pretest-posttest with a control group design. A total
of 22 rowing athletes were recruited from the Surabaya City
training center aged 19-23 years and divided into two study
groups, namely the control group (CTR; n = 11), the contrast
training group (CNT; n = 11). CTRs did not receive any train-
ing interventions, while CNT received 3x/week interventions
for 6 weeks. All subjects voluntarily gave consent to participate
by filling out and signing the consent given by the research-
er and all procedures applied in this study have complied
with the Helsinki World Medical Association Declaration on
the ethical conduct of research involving human subjects.

Contrast Training Methods

This Contrast Training program focuses on increasing
maximum power and explosive power, starting with the Con-
ventional Deadlift at 85% 1RM load and Air Rower at 30%
1RM load. In weeks 3 and 4, the intensity increases with con-
ventional deadlifts using 90% 1RM (3 sets, 3 reps, 15 seconds
rest), while air rowers remain at 30% 1RM (3 sets, 5 reps,
3 minute rests). In weeks 5 and 6, the intensity increases further
with conventional 90% 1RM deadlifts (3 sets, 3 reps), but the
rest time is trimmed to 10 seconds, forcing the body to adapt
to a faster transition between maximum strength training and
explosive training. Air rower training remains at the same in-
tensity, helping to maintain focus on explosiveness. This im-
provement aims to stimulate higher muscle and nervous sys-
tem adaptation, optimizing strength and speed performance at

the end of the intervention program. The frequency of Contrast
Training is carried out 3x/week for 6 weeks.

Data Collection

Data collection was carried out by measuringleg strength
and back strength using a foot dynamometer with the subject
pulling the handle with maximum force in the semi-squat
position (for leg strength) and the bending position with
a straight back (for back strength). The data is generated
from the measurement of leg strength and back strength in
kilograms (kg). Leg strength, force plates are used through
tests such as reverse motion jumps or squat jumps, where
the force plates measure the vertical force generated dur-
ing jumps. From the force and contact time data, power is
calculated in watts (force x speed). Meanwhile, VO,max was
measured through a maximum rowing test of 2000 meters,
with the subject rowing on an air rower as far as 2000 meters
with maximum effort. Travel time is used to predict VO,max
using a formula that takes into account weight, age, and gen-
der, as an indicator of aerobic capacity. These four parameters
provide important data for evaluating the muscle strength,
explosiveness, and aerobic capacity of rowing athletes.

Statistical Analysis

All statistical analyses are applied with SPSS Version
21.0. The stages of statistical analysis include descriptive
tests, normality, and hypothesis tests with paired sample
t-tests and independent sample t-tests applied in this study.
The data was stated to have a significant difference in
hypothesis testing if p < 0.05.

Results

The results showed that in general, the data on the cha-
racteristics of the research subjects in each study group did
not show significant differences which can be seen in more
detail in Table 1 below. Meanwhile, the results of the analysis
of leg strength and back strength, leg strength, and VO,max
between pretest and posttest in each study group are
presented in Figure 1-2.
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Fig. 1. Differences in leg strength and back strength, leg strength,

and VO, max analysis in the control group (CTR) between pretest

and posttest. Description: Data was presented with an mean + SD.
The p-value was obtained by analysis of the paired sample t-test

947



ISSN 1993-7989. elSSN 1993-7997. ISSN-L 1993-7989. Physical Education Theory and Methodology. Vol. 24, Num. 6

N
o
S
@
8

® Pretest ® Pretest

Posttest = Posttest

o
3

N
S
S
——
——
[

=
S

Leg Strength (kg)
Back Strength (kg)
8

a
S

o
3
3

CNT CNT
*k **
2600 — 65 [E—
® Pretest ® Pretest

- = Posttest = 6 m  Posttest
g 2400 £
]
E :E: 55
o 2200 g
g &

S 50

>

2000

CNT 45

CNT

Fig. 2. Differences in leg strength and back strength, leg strength,
and VO, max analysis in the contrast training group (CNT)
between pretest and posttest. Description: Data was presented
with an mean + SD. The p-value was obtained by analysis of
the paired sample t-test. (**) Significant at pretest (p < 0.001)

Table 1. General characteristics of the subject of study
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Fig. 3. Differences in leg and back strength, leg power, and
VO,max analysis between CTR vs CNT. Description: Data is
presented with an mean + SD. p-value was obtained by analysis of
independent sample t-test (*) Significant at pretest (p < 0.05).
(**) Significant at pretest (p < 0.001)

Parameters Unit CTR (n=11) CNT (n=11) p-value
Age yrs 20.64 + 1.21 2091 +1.14 0.591
Height m 1.77 +0.05 1.78 + 0.04 0.999
Body weight kg 65.46 + 5.36 68.73 + 3.52 0.108
Body mass index kg/m? 20.88 +1.91 2191 +0.74 0.116
Baseline Leg strength kg 149.55 £ 49.21 162.73 + 44.87 0.519
Baseline Back strength kg 119.05 + 28.08 130.50 * 25.85 0.331
Baseline Leg power watt 2000.46 + 423.28 2230.64 +174.63 0.119
Baseline VO,max mL/kg/min 52.81 +3.52 5247 +291 0.806

Description: Data was presented with an mean + standard deviation (SD). p-values were obtained by independent sample t-test analysis.

RKT: Control group; CNT: Contrast training group

Discussion

This study aims to prove the effect of contrast training by
combining conventional deadlift and air rower exercises in
increasing leg muscle strength and power as well as VO,max
in rowing athletes. Based on the results of the study, it was
found that the group that participated in contrast training
showed asignificantincrease inleg muscle strength compared
to the control group. These findings provide strong evidence
that the combination of weights and explosive exercises is
not only able to increase strength, but also effectively develop
the ability of athletes to produce the explosive power needed
in the critical phase of rowing (Gee et al., 2014; McGregor
etal., 2004).

The rowing movement begins with a leg push, in which
the quadriceps, hamstrings, gluteus, and gastrocnemius
muscles play a dominant role in generating initial strength.
Conventional deadlift training in contrast training programs
focuses on strengthening these muscles through high loads
(Haff et al., 2001; Swinton et al., 2011), while air rowers add
explosive elements that mimic the movement of the paddles
themselves. In this context, the increase in strength gained

from conventional deadlift training can be optimized through
explosive exercises with air rowers, which simultaneously
reinforce the relationship between leg strength and power
transfer to the upper body during rowing (Seitz & Haff,
2016).

In addition, the results of this study also corroborate
the findings of several previous studies that show that com-
bined exercise between heavy weight training and explosive
training can improve the performance of athletes in vari-
ous sports disciplines (Tillin & Bishop, 2009). The increased
power gained through contrast training allows athletes to
accelerate quickly, especially at the beginning of a race, when
maximum explosive thrust is required (Cardoso et al., 2024).
In addition, explosive exercises such as those simulated
through air rowers also help sharpen the explosive abilities
necessary to maintain speed when reaching the finish line.

Contrast exercises that combine conventional deadlifts
and air rowers are not only effective in improving leg muscle
strength, but can also bring great benefits in posture stability
and efliciency of rowing techniques. Previous studies have
shown that postural stability is essential for maintaining
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optimal performance in sports that involve repetitive
movements such as rowing (Wilson et al., 2013). In rowing
sports, posture imbalances or incorrect load distribution
can not only reduce movement efficiency, but also increase
the risk of injury, especially in the lower back (Caldwell
et al., 2003). By strengthening the leg muscles through
weight exercises such as conventional deadlifts, athletes can
maintain better posture during the rowing cycle, ultimately
reducing the unbalanced load on the back and upper body
(Swinton et al., 2011).

Additionally, the use of air rowers in explosive
training helps to improve explosive capabilities, which
are indispensable during critical phases such as starting
and finishing in races (Chang et al., 2024). These phases
require maximum explosive thrust from the leg muscles,
and this combination of exercises provides the right stimulus
to develop those abilities. Contrast training programs
that integrate sport-specific exercises, such as air rowing,
also support the improvement of rowing techniques.
This supports the claim that explosive training can improve
athletes’ performance in sports that require endurance and
muscle strength, as revealed by previous research (Barra-
Moura et al., 2024).

However, the results of this study are inseparable from
several limitations that need to be considered. One of the
main limitations is the relatively short duration of the study.
Although we found a significant increase in leg muscle
strength after a contrast training program, we have not
been able to explore the long-term effects of this exercise.
Previous research has shown that some of the positive effects
of explosive and weight-bearing exercises may take longer to
maintain or even reach their maximum potential (Tillin &
Bishop, 2009). Therefore, longitudinal studies that monitor
the development of strength and performance of athletes
over alonger period of time are needed to determine whether
the benefits of contrast training are long-term or temporary.

In addition, the variability of individual responses
to sports programs is also a factor that has not been fully
researched in this study. Each athlete may have a different
level of adaptation to a training program, depending on
factors such as previous training experience, initial physical
condition, and fitness level. For example, some athletes may
develop muscle strength faster than others, or conversely,
some may take longer to achieve optimal results. This is
in line with the findings of Seitz and Haff (2016), which
highlights that athletes’ responses to Post-Activation
Potentiation (PAP) and contrast training can vary greatly
depending on the individual’s condition.

Further research should include a more diverse
population of athletes, both in terms of fitness levels and
experience in rowing, to get a more comprehensive picture
of the effectiveness of these programs. In addition, more
in-depth research is also needed to explore how contrast
training can be adapted in the preparation phase of the
competition and the recovery phase of athletes. In this
context, it is important to understand whether this type of
exercise is more effective when applied to specific phases in
the training cycle, such as when the athlete is at the peak of
fitness or in the early adaptation phase (Cormie et al., 2010).

These findings provide a solid basis for coaches to
consider contrast training in rowing athlete training
programs to improve strength and overall performance.

Although the results were positive, the study had limitations,
especially regarding the short duration and variability of
individual responses that had not been studied in more
depth. More research focusing on the long-term effects and
adaptation of training in different populations of athletes is
needed to reinforce these findings.

Conclusion

Overall, the results of this study suggest that contrast
exercises that combine conventional deadlifts and air rowers
are an effective method for increasing leg muscle strength
and power as well as VO,max in rowers. In addition to
providing benefits in improving explosive power and aerobic
endurance, the exercise also supports postureal stability and
efficiency of rowing techniques, both of which are important
for maintaining optimal performance and reducing the risk
of injury. As such, trainers and fitness experts may consider
incorporating this exercise program into an athlete’s
workout routine, especially for those looking to improve
their explosive and aerobic endurance in rowing.
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Mera pocmimkenna. Mera JOCTi)KeHHA NOJATaNa B JJOBEJEHH] BIUIMBY KOHTPACTHOTO TPEHYBaHHA 3 BUKOPMCTAHHAM
TPafINLIiIIHMX CTAHOBMX TAT i BECAYBaAbHUX TPEHAXKEPIB 3 MOBITPAHOIO CUCTEMOI0 HaBaHTa)KEHHs Ha IMiIBUILEHHA ITOKASHUKIB
M’s130BOI CV/IM HIDKHIX KiHIIIBOK i piBHA VO,max (MaKcuMaTbHe CHOKMBaHHA KVICHIO) Y CIOPTCMeHiB-BeCTyBaIbHUKIB.

Marepianu Ta MeTogu. B paMKax I[bOro JOCIiI>)KeHH 3aCTOCOBAHO METOJ, «iCTUHHOTO eKCIIEPYMEHTY» 3 BUKOPMCTAaHHAM
IBOTPYIIOBOTO IIepefi- i MiCATeCTOBOTO MiAXO0AiB, 1[0 BKIII0YA€E B cebe AM3altH KOHTPOIBHOI TPy, Y HOCI/KeHH] B3A/IM y4acTb
22 crIOpTCMeHN-BeCIyBaIbHMKY BiKOM Bif 19 10 23 pokiB, siki 6y BifibpaHi 3 TpenyBanpHOro neHTpy M. Cypabas. CioprcMenn
IIPOXO/VJIN IPOTPaMy KOHTPACTHYUX TPEHYBaHb 3 BMCOKOIO iHTeHCUBHICTIO 85-90 %, 1110 CK/1ajianucsA 3 OHOTO IIOBTOPEHHA 3 MaK-
cnmasbHOW0 Barowo (11IM), siKi IpOBOAVIIICS TPUYi Ha TYDKIEHD IIPOTSTOM IIECTUTYDKHEBOTO IePiofy. Y KOXHIN JOCI/PKyBaHii
TPy BUSHAYA/IM CHJTY M 5I3iB HVDKHIX KiHIIIBOK Ta CIIMHM, ITIOTY>KHICTb M’A31B HIr i mokasHuk VO,max MiX eTalaMu repef i mics
IIPOBEJIEHHSA KYPCy TPEeHYBaHb.

PesynbraTu. 3rifHo 3 pesynbraTaMmy JOCTIPKEHHS, MiC/IA BUKOHAHHA KOHTPACTHOTO (Di3sVYHOrO HaBaHTA)KEHHS BCTAHOB-
JIEHO 3HAYHe ITOKPAIlleHHsI TOKA3HNUKIB CUJIOBMX SIKOCTEN M sI3iB HIDKHIX KiHI[IBOK Ta CIVMHI, HOTY>KHOCT] Hir Ta piBHA VO,max
HOPIBHAHO 3 KOHTPO/IBHOMK rpymomn (p < 0,05).

Bucnosku. OTpyuMaHi faHi cBif4aTh IpO JOLiIbHICTh MPOBEIEHHA KOHTPACTHOTO TPEHYBaHHS, 1[0 IOENHYE CTAHAAPTHI
CTAHOBI TATM Ta 3aCTOCYBAaHHs BeCTyBA/IbHUX TPEHAKEPIB 3 MOBITPSHOK CUCTEMOI HABAHTAXKEHHS, SIK e(eKTUBHOIO METOLY
HiBYIIIEHHA TOKA3HUKIB CUIU Ta HOTY)XHOCTI M A3iB HVKHIX KiHIIIBOK, a TaKOX piBHA VO,max y CHOPTCMeHiB-BeCTyBaIbHUKIB,
1[0 MO>Ke CIIPUATH NMOJIIIIEHHIO BYOYXO0BOI C1IM Ta aepoOHOI BUTPUBAIOCTI 3a3HA4EHOI KaTeropii ClopTCMeHiB.
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Abstract

Background. Due to the increase in the proportion of mine-blast injuries sustained during the Russian-Ukrainian
war, the number of students in higher education institutions after blast TBI has risen.

Objectives. The study aimed to determine the reliability of the tool for test control of gait parameters, created based
on software electronic engineering for students after blast TBI in inclusive physical education.

Materials and methods. The theoretical stage of the research was realized by analyzing the literature on the studied
problem, evaluating and synthesizing information from scientific sources. For the empirical part of the experiment,
the Dynamic Gait Index test was used to assess gait parameters, dynamic balance, and fall risk. The test results were
processed using the methods of statistical mathematical analysis. The experiment involved 30 students (men) after
sustaining an explosive traumatic brain injury.

Results. The study presents the developed tool for testing gait parameters using the Dynamic Gait Index, which

is based on the integration of various types of software electronic engineering services. The development uses
motion, speed, pressure, and touch sensors. The information about the test exercise, recorded by the sensors,

is sequentially transmitted by wireless communication means to the controller (Arduino Leonardo based on

the ATmega32u4 microcontroller platform) and then to a PC, where the results are displayed on the monitor in
digital and graphical form. The development uses a neural network and the Microsoft OneDrive cloud service to
process information, which provides processing and storage of large amounts of test control data. The results of

the empirical establishment of the Dynamic Gait Index quality measure, the characteristics of reliability and validity
that were recorded by the teacher, are significantly inferior in numerical values to the correlation coefficient obtained
by the results of the Dynamic Gait Index when the outcomes were recorded using the developed tool.

Conclusions. The introduction of modern software engineering services into inclusive physical education of students
represents a significant step forward in implementing an impartial control mechanisms for restoring damaged

gait and balance functions, which have been recognized as a leading factor in disability caused by blast TBI, and
contributes to ensuring the effectiveness of this process.

Keywords: physical education, student, inclusion, blast TBI, electronic engineering, testing, control, reliability.
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Introduction

For 2.5 years in a row, russian troops have been shelling
the territory of Ukraine daily. Both the military and civilians
are equally likely to suffer from the war and get injured.

Due to the russian aggression, the number of people
injured as a result of artillery shelling and bombardment in
our country is constantly growing. According to the United
Nations Human Rights Monitoring Mission (United
Nations Ukraine), from 24 February 2022 to the end of
June 2024, at least 33,878 civilians in Ukraine were injured
in the hostilities.

Explosions cause injuries to a large number of people
at the same time (Blavt et al., 2024). Therefore, mild blast-
related concussion (blast TBI), along with being identified
as the most common injury among military personnel
(VA research on Traumatic Brain Injury), is now becoming
one of the most common types of injury among civilians
(Gliga, 2024).

Due to the growing proportion of mine-blast injuries
during the Russian-Ukrainian war, the number of students
in higher education institutions with blast TBI is increasing.
The need for additional efforts and attention of higher
education institutions aimed at optimizing measures to
improve the outcomes for students after blast TBI determines
the relevance of scientific research.

Many scientific papers are devoted to the study of
students’ health (Mykytyuk et al., 2022; Du et al., 2024),
which is positioned as a potential of the state. As studied
by (Zhytomyrskyi, 2021; Blavt et al., 2022), the problem of
improving student health is one of the most important tasks
of Ukrainian society has not yet been solved and needs to be
addressed as soon as possible.

It has been determined (Blavt et al., 2023) that in the
context of large-scale war and post-war reconstruction of
the country, higher education not only performs educational
functions but is also largely intended to create conditions for
the implementation of inclusive policy objectives. The latter
has been analyzed quite thoroughly in the scientific literature
(Pérez-Gutiérrez et al., 2021; Page, Anderson, & Charteris,
2021; Iacono et al., 2021), according to contemporary
narratives.

As an integral part of the process of inclusion, physical
education is positioned in scientific sources (Heck & Block,
2021; Lawrence, 2018; Holland, Haegele, Zhu, & Bobzien,
2023) from the perspective of health promotion. It has been
determined (Lieberman, Houston-Wilson, & Grenier, 2024;
Almond, 2015; Kuntjoro, Soegiyanto, Setijono, & Suhiharto,
2022) that in higher education, physical education provides
the function of improving the health of students during their
studies.

It has been proved (Fulk et al., 2024) that blast TBI is not
treated with medication, and underestimating the risks of
this injury leads to long-term consequences, which require
timely rehabilitation to avoid future consequences. The need
for quality rehabilitation both during the acute period of
trauma and in the process of eliminating the consequences
has been studied (Ponsford et al., 2024; VA research on
Traumatic Brain Injury).

Studies of the course of disorders and the body after blast
TBI (Ponsford et al., 2024) indicate an individual course.
It has been determined (Fulk et al., 2024) that individual

control over the recovery process of these disorders is crucial
to ensuring its effectiveness. Shute and Rahimi (2017) found
that the appropriate use of control tools is the basis for
making informed decisions in the correlation of restoration
measures.

Acknowledging the key role of technology (Clara, &
Qursum, 2023; Calabuig-Moreno et al., 2020) in promoting
inclusive physical education, it has been highlighted
(Morgulec-Adamowicz et al., 2024; Yadav, Sharma, &
Kumar, 2023) the transformational potential of the latest
technologies in shaping the modern progress in this field of
knowledge.

The purpose of the study is to determine the reliability of
the tool for test control of gait parameters, created based on
software electronic engineering for students after blast TBI
in inclusive physical education.

Materials and methods

Study participants

30 students after blast TBI, aged from 18 to 23 years
from Lviv Polytechnic National University, T. H. Shevchenko
National University “Chernihiv Colehium”, Drohobych Ivan
Franko State Pedagogical University and Kremenets Taras
Shevchenko Regional Academy of Humanities and Peda-
gogy were involved in the experimental study. Each student’s
participation in the experiment was agreed with a medical
professional after a proper medical examination. The selec-
tion of participants for the study sample was based on the
principles of inclusivity, ensuring equal access to this process
for all students after blast TBL

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 Ethi-
cal Principles of Medical Research Involving Humans” and
UNESCO in the “General Declaration on Bioethics and Hu-
man Rights”.

Methods

Taking into account the goal and the interdisciplinary
nature of the work, its implementation involves the use of
a modern algorithm for the implementation of scientific
research at the theoretical and empirical levels of research.

The theoretical analysis of scientific works by leading
scientists in the field and the generalization of modern
specific approaches to solving a particular problem that
has been implemented in practice have substantiated
the identified research issues and identified ways of scientific
research.

Modeling was used to develop a technical programmable
design, and software engineering methods were used to
develop software.

Conducting a test procedure to analyze the results of the
study is the final stage of the empirical level of the pedagogical
experiment. Empirical analysis and synthesis were used to
record test data and analyze them.

Statistical mathematical methods were used in the
process of processing the empirical results of the experiment.

The generalization of the research results provided a
transition from empirical study to data processing, logical

953



ISSN 1993-7989. elSSN 1993-7997. ISSN-L 1993-7989. Physical Education Theory and Methodology. Vol. 24, Num. 6

generalizations, analysis and theoretical interpretation of
the factual material obtained.

In choosing the method of implementing the pedagogical
experiment, we tried to select the most appropriate
assessment tool after blast TBI, which is simple, accessible
and at the same time, the results of which will form the basis
for planning the process of restoring damaged functions and
monitoring this progress. Therefore, taking into account
the above, the Dynamic Gait Index (DGI) (Physiopedia) was
chosen to assess functional stability during walking.

The DGI was developed as a clinical tool for assessing
gait, dynamic balance, and fall risk. It assesses not only
the usual steady gait but also walking in difficult conditions.
(The Dynamic Gait Index (DGI) was developed as a clinical
tool to assess gait, balance and fall risk. It evaluates not only
the usual steady-state walking but also walking during more
challenging tasks.

The test procedure involves performing the functional
walking tests are performed by the subject and scored
out of three according to the lowest applicable category
(Physiopedia). We used a simplified version of the control
with four items: stepping over and around obstacles,
changing speeds and stair ascent and descent. Each item is
scored on a scale of 0 to 3.

Itincludes eight items, walking on flat surfaces, changing
speeds, turning the head in horizontal and vertical directions,
walking and turning 180 degrees to stop, stepping over and
around obstacles, and stair ascent and descent. The DGI was
developed as a clinical tool to assess gait, balance and fall
risk. It evaluates not only the usual steady-state walking, but
also walking during more challenging tasks (Shirley Ryan
AbilityLab).

Research organization

The organizational preparation of the research involved
familiarising the students of the study sample with the test-
ing procedure and assessment methodology. At the initial
stage, students repeated the test twice. A week later, they took
the test for the second time. The experimental factor was
the method of fixing the results of DGI, which was imple-
mented by the teacher and the programmable developed tool.

Before performing the DGI, the teacher carefully ac-
quainted the students of the study sample with the proce-
dure for implementing the test process and evaluating the
results. The test results were recorded following the prin-
ciples of anonymity.

Statistical analysis

The result of the statistical processing of the obtained
factual material was the identification of numerical values of
validity and reliability. The obtained factual material became
the basis for the conclusions about the quality of the tests
under study. All statistical analyses were performed using
SPSS Version 24.0 (IBM Corporation).

Results

It has been shown that blast TBI can be accompanied by
cognitive dysfunction, attention deficit, vestibular disorders,
etc. There is evidence (Tramontano, Belluscio, Bergamini,

Allevi, De Angelis, Verdecchia, Formisano, Vannozzi, &
Buzzi, 2022) that most people affected by blast-related TBI
experience vestibular disorders: balance and gait disorders
are common symptoms after head injury. Thus, balance
dysfunction has been identified as one of the most disabling
aspects of TBI, especially dynamic balance during walking
(Simon, & Harro, 2004).

It has been determined (Zhou, Liu, Zhang, Liu, Wang,
Kong, 2021) that gait functions are provided by the complex
interaction of the main body systems, such as the nervous,
musculoskeletal, cardiorespiratory and vestibular systems.
It has been proven that the vestibular system, which encodes
signals of movement in space in the central nervous system,
ensures gait stability. Therefore, given the above, our research
is aimed at ensuring objective, unbiased monitoring and
assessment of the state of the vestibular apparatus of students
after a blast TBL

The chosen research tool, the DGI, tests the ability to
maintain balance while walking, responding to different
task requirements in different dynamic conditions. The DGI
is considered (Magnani, van Dieén, & Bruijn, 2023)
to be a useful test for monitoring vestibular and balance
disorders. It has been shown (Simon, & Harro, 2004) that
the DGI is an effective tool to measure dynamic balance in
individuals with brain injury. Evidence from (Chiu, Fritz,
Light, & Velozo, 2006) suggests that balance assessment
in multitasking conditions is a more sensitive indicator of
balance development and fall risk than single-task control.

The outcome of our study was the development of a tool
for testing gait parameters using DGI based on the use of
software electronic engineering tools.

The development was guided by the need to control
uneven movement (changing speeds), head turns in
horizontal and vertical directions, walking and turning
180 degrees to stop. With this in mind, motion sensors are
placed directly on the student to control the body’s position
in space (Mykytyuk et al., 2022).

On the obstacles required for the test (stepping over and
around the obstacles), proximity and presence sensors are
mounted on top and on one side of the cube-shaped obstacles.
The student’s movement pattern during the test process is
shown in Fig. 1. The color change of the sensor signals the
correct execution of the exercise, in particular, stepping over
the obstacle and going around it from both sides.

1

/ /2 /34
/*#D
—/

Fig. 1. Scheme of the student movement during the test process:
1 - start, 2 — direction of student movement, 3 — obstacles,
4 - sensors

Sensors placed on the obstacles allow you to auto-
matically determine the correctness of the exercise and
possible deviations. The operation of both sensors on an
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obstacle indicates incorrect movement, deviation from
the trajectory, coordination, etc. To analyze the speed of
overcoming obstacles, it is possible to place speed sensors
on the obstacles.

To automate the DGI test, which involves the use of steps,
pressure sensors are placed on the steps, directly on the plane
(Fig. 2). In this case, they detect the moment the student
steps on the step, recording full contact with the surface of
the step with both feet. Receipt of two consecutive signals
from the same step indicates the absence of the necessary
alternation of feet provided by the test.

To determine the speed of the distance covered, speed
sensors are placed on the steps. The speed sensors are placed
on the steps along the sideline, and the touch sensors are
placed on the handrails. The signal from these sensors, if
the test subject touches the handrail during the test, will
indicate the use of the handrail.

Fig. 2. Scheme of implementation of the test process with the use
of steps: 1 - start, 2 — direction of student movement, 3 - touch
sensors, 4 — speed sensors, 5 — pressure sensors

The implementation of DGI testing using the developed
tool is as follows: motion sensors are placed on the student’s
body, which record information during the test exercise.
The start of the test, its end and the passage of control points
are recorded to the nearest millisecond.

The signal detected by the sensors is transmitted to the
controller via a contactless Bluetooth data network. In our
development, we used the Arduino Leonardo, a controller
based on the ATmega32u4 microcontroller platform, which
has 20 digital inputs/outputs and 32 kB of flash memory.
The memory of this platform must be read and written
using the Electrically Erasable Programmable Read-Only

Memory library. This type of memory can be cleared and
filled with information several tens of thousands of times.
Thus, we ensure the storage and availability of student testing
information throughout the entire course of study, which is
stored for the required period and is available at any time.

The platform is controlled by software using an Arduino.
The signal processed by the controller is sent to a PC,
where, based on the results of computer calculations, we get
the result in digital and graphical form on the PC screen.
The development uses image analysis systems based on
the latest technologies of our time - neural networks.

In our development, the neural network is used to
process information, extract patterns and make decisions
based on the received DGI data. We have used the ability
of neural networks to work based on large amounts of data,
implementing data analysis and ensuring their reliability
and objectivity in real-time.

The use of the Microsoft OneDrive cloud service in
the development ensured the processing and storage of
significant amounts of test control data, which are available to
the teacher at any time. In addition, files can be synchronized
with a PCand accessed from a web browser or mobile device.

The tool works as follows (Fig. 3). Sensors are placed
on the student’s body. The information about the test
exercise, recorded by the sensors, is transmitted wirelessly to
the controller and to the PC, where the results are displayed
on the monitor in digital and graphical form.

Fig. 3. Implementation of DGI testing using the developed
tool: 1 - student, 2 - test distance, 3 - a system of sensors,
4 - controller, 5 - PC

The results of the empirical establishment of the DGI
quality measure (Table 1), the characteristics of reliability
and validity that were recorded by the teacher, are
significantly inferior in numerical values of the correlation
coeficient obtained from the DGI results when the results
were recorded using the developed tool.

Table 1. Reliability of the DGI for students with disabilities after blast TBI (n = 30)

Test tasks stepping and measurement results (points)

Statistical around obstacle over obstacle stairs Gait change in gait speed
pparameters
T DT T DT T DT T DT

M 1.95 2.12 1.78 2.01 1.33 1.57 1.45 1.81
S 0.26 0.11 0.33 0.19 0.27 0.31 0.61 0.37
V (%) 31.5 20.2 29.7 21.3 33.2 20.8 32.7 18.6
reliability 0.381 0.899 0.412 0.876 0.441 0.885 0.443 0.878
validity 0.211 0.605 0.242 0.617 0.285 0.641 0.227 0.626

*Note: T - registration of the results by the teacher, DT - registration of the results using the developed tool
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Discussion

The powerful negative impact on public health of the
Russian Federation’s war in Ukraine, which has resulted
in massive injuries and maims, has focused researchers’
attention on the problem of health maintenance and recovery
(Blavt, & Gurtova, 2024). Our study expands the information
(Pérez-Gutiérrez, Castanedo-Alonso, Salceda-Mesa, &
Cobo-Corrales, 2021; Heck, & Block, 2021; Lieberman,
Houston-Wilson, & Grenier, 2024) on the leading role of
physical education tools for students with disabilities in
restoring their health.

The conducted scientific research is consistent with the
scientific data (Morifa, 2016; Nilholm, 2020; Goodwino,
& Watkinson, 2000) on the need for permanent changes
in inclusive higher education. We support scientific
approaches to the potential of inclusive physical education
in implementing the above (Penney, Jeanes, O’Connor, &
Alfrey, 2017; Pocock, & Miyahara, 2017; Almond, 2015).

Modern technologies in inclusive physical education are
considered (Calabuig-Moreno, Gonzalez-Serrano, Fombona,
& Garcia-Tascon, 2020; Almusawi, Durugbo, & Bugawa,
2021; Yu, Kulinna, & Lorenz, 2018) as a powerful catalyst that
bridges gaps and creates opportunities. Such opportunities
are provided by the introduction of the latest advances in
unified information technology, telecommunications and
software integration (Kim, Kim, Kim, Kim, Kim, & Han,
2012; Gil-Espinosa, Nielsen-Rodriguez, Romance R,
Burguefio, 2022; Cabrera Ramos, Alamos Vasquez, Ariane,
& Lagos Rebolledo, 2019).

The obtained scientific results expand the information
(Son, Kim, Noh, Kim, Lim, & Han, 2022; Belluscio,
Bergamini, Tramontano, Orejel Bustos, Allevi, Formisano,
Vannozzi, & Buzzi, 2019; Ho-Dong, Eunjung, & Byoung-
Hee, 2024) on ensuring the objectivity and impartiality of
walking parameters control based on the integration of the
latest information technologies into this process.

Our search is based on the information about
the association between vestibular function and gait
characteristics (Zhou, Liu, Zhang, Liu, Wang, & Kong, 2021;
Magnani, Bruijn, van Dieén, & Forbes, 2021; Magnani, van
Dieén, & Bruijn, 2023).

Testing of gait parameters using DGI has been applied
to control in across diagnostic groups (Matsuda, Taylor, &
Shumway-Cook, 2014), middle-aged patients with stroke
(Jin, Lee, Park, Lee, & Lim, 2023), children (Lubetzky-
Vilnai, Jirikowic, & McCoy, 2011), with cerebellar ataxia
(Reoli, Therrien, Cherry-Allen, Keller, Millar, & Bastian,
2021), patients with normal pressure hydrocephalus for
cerebrospinal fluid diversi (Chivukula, Tempel, Zwagerman,
Newman, Shin, Chen, Gardner, McDade, & Ducruet, 2015).

The reliability of the DGI has been studied for different
groups of people, including people with chronic stroke
(Jonsdottir, & Cattaneo, 2007; Alghadir, Al-Eisa, Anwer,
& Sarkar, 2018), vestibular disorders (Wrisley, Walker,
Echternach, & Strasnick, 2003; Marchetti, Lin, Alghadir,
& Whitney, 2014), and brain injury (Simon, & Harro,
2004; Belluscio, Bergamini, Tramontano, Orejel Bustos,
Allevi, Formisano, Vannozzi, & Buzzi, 2019), in older men
(Abdiani, Golpayegani, & Khajavi, 2014), male veterans
(Chiu, Fritz, Light, & Velozo, 2006), with hemiparesis after
stroke (Flansbjer, Holmbéck, Downham, Patten, & Lexell,

2005), with multiple sclerosis (Soltanpour, Kalantari, &
Roostaei, 2019).

We first investigated the use of DGI to assess the state
of gait and balance parameters and determined the level
of reliability for students after blast TBI, which is the basis
for ensuring impartiality and objectivity of control in
the physical education of students after blast TBI.

Conclusions

Implementing an inclusive educational process for
students affected by war is a challenge for higher education
institutions. Even though the war is ongoing, the need
to implement a set of measures aimed at protecting the
health of participants in the educational process is due to
the permanent increase in the number of students who have
sustained war-related injuries, including blast TBIL, in higher
education institutions.

In the case of blast-related injuries, it is important to
understand the vestibular consequences of blast TBI, as blast
TBI is very typical of modern wars, particularly the Russian-
Ukrainian war. Our research is based on the fact that gait and
balance dysfunction is recognized as a leading factor in dis-
ability after blast TBI. It has been found that the introduction
of modern technological solutions for the implementation of
impartial control of the process of restoring damaged func-
tions is a factor in ensuring the effectiveness of this process.

The article presents the developed constructive solution,
which is implemented on the basis of software electronic
engineering, providing processing of large arrays of data
obtained from the test results, and, thanks to cloud services
that implement high-speed computing, makes it possible to
obtain objective, unbiased test control results in real-time.

The reliability of the developed design for the control
of vestibular disorders in inclusive physical education of
students after blast TBI was established at the level that,
according to the evaluation scales, is ‘high’ in terms of
reliability and validity. These results significantly exceed
the established values of test-retest reliability when the
results are recorded directly by the teacher.
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Bu3HauyeHHA AOCTOBIPHOCTI iIHCTPYMEHTIB NporpamMmHoi
eIeKTPOHHOI iHXKeHepil y KOHTpoNi BecTMbynapHux posnagais
y iHKNI03nBHOMY $pisYHOMY BUXOBaHHI CTYAeHTIB

2ABCD 2BCD

OkcaHa b1aBT!ABCP, Tennapiin €muuaxk , Necs Tamamamxyk**“P, Tersna IenbxmHcpKa'®cP,
I0nisa Hocko?*“P, F0piit Kauypak'*®P, Onena Bonommnn**“?, Crenan Illa6ara®®cP

'HauionanbHuii yHiBepcuteT «/IbBiBCbKa IMosTiTexHiKa»

’Kam’sanenb-ITominbepkuit HatlioHanbHMIT YHiBepcuTeT iMeHi IBana Orienka
*HanionanbHuii yHiBepcuteT «Yepririscpknit koneriym» imeni T. I. IlleBuenka
*IIporoOuIbKIIL iep>KaBHMII IIelaroriyHuil yHiBepcuTeT iMeHi IBana @panka
*KpeMeHenbka o6/1acHa ryMaHiTapHO-Tlefaroriqaa akajemis imeni Tapaca [llepyenka

ABTOpPCHKMIT BKIAJ: A — Au3aitH gocmipkeHHs; B — 36ip ganux; C - crataHanis; D — migroroska pykomucy; E - 36ip KOLITiB

Pedepar. Crarrs: 9 ., 1 Tabn., 3 puc., 59 mxeper.

Yepes 3poCTaHHs MITOMOI Bary MiHHO-BIOYXOBIUX [OPAHEHb IIiJ 4aC POCIiICbKO-YKPaiHCHKOI BiliHM, 301IbIIYETHCS YMCETb-
HICTb CTYeHTIB y 3aK/IafiaX BUILOI OCBITH HiC/Is Mic/Ist BUOYXOBOI YepeIHO-MO3KOBOI TPaBMIL.

Merta crarri nondArana y BU3Ha4eHi JOCTOBIPHOCTI iHCTPyMeHTY T€CTOBOTO KOHTPOJIIO IIapaMeTpiB XOiM, CTBOPEHOIo Ha
OCHOBI ITPOrPaMHOI e/IeKTPOHHOI 1H)KeHepil [/ CTYAeHTIB Mic/s mic/s BUOYXOBOI YepeIIHO-MO3KOBOI TPaBMM Y iHK/TI03MBHOMY
¢hisYHOMY BUXOBAHHI.

Marepianu Ta MeTopu. TeopeTndHMit eTan JOCIIIKeHHA pealisoBaHO aHA/I30M JITepaTypu 3 HOCIPKYBaHOI IIpobiema-
THUKMY, aHA/II30M Ta CMHTe30M iHpopMallii HayKoBuUX fKeper. i peanisanii eMIipiYHOI YaCTUHU eKCIIEPUMEHTY BUKOPUCTAHO
TeCTYBaHHA 3 BUKOpuUcTaHHAM Dynamic Gait Index g oninky mapameTpis xonu, IMHaMivYHOI piBHOBATY Ta pU3MKIB MaiHHA.
PesynbraTy TecTyBaHH: OIpaljbOBaHO METOJAMM CTAaTMCTMYHOTO MaTeMaTHYHOro aHaji3y. [lo ekcnepuMeHTy 3amydeHo 30 cry-
IeHTiB (40/10BiKM) Mic/Ist BUOYXOBOI YeperHO-MO3KOBOI TPaBMIL.

Pesynbratu. IIpencraieHa po3po6ieHa KOHCTPYKIiA [/ TeCTYBaHHSA IapaMeTpiB Xonu 3 BuKopuctaHHAM Dynamic Gait
Index, mo rpyHTyeTbCA Ha iHTerpallil pisHOMaHITHNMX BUJiB CepBiciB iHCTPYMEHTIB IpOrpaMHOI e/IeKTPOHHOI iHXeHepil. ¥ pos-
poO1Li BUKOPUCTAHO CEHCOPU PYXY, LIBUAKOCTI, TMCKY Ta HOTHKY. IHpOpMAalis PO BUKOHAHHS TECTOBOI BIIpaBy, 3aikcoBaHa
ceHcopaMmU, IepefiaeTbes 6e3IPOTOBMMY 3acobaMu 3B 3Ky HOCTiTOBHO Ha KOHTpornep (Arduino Leonardo Ha 6a3i MiKpOKOHTpO-
nepHoi wiardopmu ATmega32u4) Ta gai Ha HePCOHAIBHNUI KOMIT I0Tep, fie pe3y/IbTaTH IIPefCTaB/IAI0ThCA Ha MOHITOPI y 1 po-
BOMY Ta rpadiuHoMy BUI/LAAL Y po3pobui s 06pobku iHdopmallii, BUKOPUCTaHO HelipoMepexa Ta XMapHuMii cepsic Microsoft
OneDrive, sikum 3a6e31e4yoTb 06po6Ky Ta 30epiraHHs 3HAYHMX 0OCSATIB JaHNX TECTOBOTO KOHTPOJIIO.

Pe3y/bTaTi eMIipM4HOro yCTaHOBJIEHHA Mipu fobporHocTi Dynamic Gait Index, 3’scoBaHi XapakTepiCTUKI HaJIIHOCTI Ta
BaJTiHOCTI, AIKi peecTpyBanuch BUKTafadeM, 3HAYHO IIOCTYIIAI0THCA Y YMCTIOBMX 3HAUEHHAX KOeil[ieHTy KOpenAlLlil, AKWil OTpy-
Maym 3a pesynbraramy Dynamic Gait Index y pasi, ko pe3ynbraTit peecTpyBauch 3 BUKOPMCTaHHAM PO3pO0/IeHOI KOHCTPYKIIIL.

BucnoBKu. YNIpoBa/)KEeHHs Cy4aCHUX TEXHOJIOTIYHMX pillleHb 331 peajliallii HeyIepe>)KeHOr0 KOHTPO/II0 IIPOLECY Bifl-
HOBJICHHSI YUIKO/PKeHNUX (DYHKIIIiT XO/¥ Ta PiBHOBArY, 10 BU3HAHA MPOBigHNM (akTopoM inBamigmsanil micms blast TBI, € unn-
HIKOM 3abe3nedeHHs eeKTUBHOCTI IHK/II03MBHOTO (i3NYHOTO BUXOBAHHS CTYAEHTIB.

KinrouoBi cnoBa: disuuHe BUXOBaHHSA, CTY/IEHT, iHK/II03is, B1OyX0Ba YepeIHO-MO3KOBa TPaBMa, eIeKTPOHHA iHXXeHepis,
TeCTYBaHHsA, KOHTPOJIb, JOCTOBipHICTb.
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Abstract

Background. Implementing reduced positional games as a training method in modern soccer has been represented
as an important determinant in improving and developing the skills of young soccer players in training.

Objectives. The study aimed to determine the effect of a 12-week period of reduced positional games on the physical
and technical performance of young soccer players in training.

Materials and methods. Forty male soccer players in training of the Moroccan U17 national championship club CFC
participated in this study. The players were divided, according to their club, into an experimental group with reduced
positional games and a control group engaged in traditional training. Both teams took part in training sessions

three times a week for 12 weeks. Each session lasted 90 minutes. Before and after the intervention, both groups
performed physical tests (Yo-Yo intermittent test, linear sprint of 10 m, 20 m and 20 m with a change of direction,

S] — Squat Jump, CM] — Countermovement Jump) and technical tests (LSPT — The Loughborough Soccer Passing
Test, LSST — The Loughborough Soccer Shooting Test), all performances achieved by both groups were evaluated.
The OptoJump, My Jump application, and technical test grid were used to quantify the results.

Results. The results revealed significant improvements in MAS (p < .001; n* = 0.017); 10 m sprint (p < .001;

n® =0.102), 20 m sprint (p = 0.002; n* = 0.022), 20 m sprint (p <.001; n* = 0.022), 20 m sprint with a change of
direction (p <.001, n* = 0.087), as well as an increase in height in the SJ (p <.001; n* = 0.012) and CM]J (p < .001;
n®=-0.016). Compared to the LSPT results, an increase in the number of passes was observed in the experimental
group (p <.001; n* = 0.175) and a notable enhancement in pass control (p <.001; n* = 0.131). The LSST test showed

a significant increase in shooting performance (p = .001; n’

(right foot) = 0.045; n* (left foot) = 0.049) and a decrease

in shooting time (p = .001; n” (right foot) = 0.045, n* (left foot) = 0.005). Post-hoc tests demonstrated that training
involving reduced positional games resulted in greater improvements in the SJ, CMJ, 10 m sprint, 20 m sprint, 20 m

sprint with a change of direction, LSPT, and LSST.

Conclusions. The findings indicate that a 12-week training program based on reduced positional games,
incorporating 3 sessions per week, led to a considerable enhancement in the physical and technical performance of
young soccer players in training. Therefore, it is recommended to coaches and physical trainers to include training
sessions based on reduced positional games into the team’s annual program.

Keywords: training, reduced positional games, young footballers, physical, technical.

Introduction

Training methodology plays an increasingly important
role in the world of soccer. In the past, the disparity in
performance between teams depended largely on the talent
of the players. Some teams stood out for their more intense

© Errama, M., Bassiri, M., Atifl, J., & Lotfi, S., 2024.
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physical, technical, tactical, or psychological commitment.
Today, all four parameters are equally important.

A team’s overall performance can be affected by a
number of factors, such as poor physical condition, weak
technical skills, a lack of tactical understanding, or a mental
deficiency in a player, depending on his or her position on
the pitch and the patterns of play and instructions from the
coaches. To succeed at the highest level of modern soccer,
certain qualities are essential. When a player fails to meet the
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required standards in one of these qualities, this can have an
impact on the team’s overall performance (Abarghoueinejad
etal., 2021). A player who cannot fulfill his role will upset the
collective balance (Gréhaigne & Godbout, 2021), depending
on the positions occupied on the pitch and the strategies put
in place by the coach.

To date, different training methods have been used to
improve physical performance in soccer (Milanovic et al.,
2015; Morgans et al., 2018). In addition, matching these
training models with players’ general skills can promote
progression during matches. Today, more and more
soccer coaches are opting for reduced games as a teaching
method. Games played in small groups with position are
essential for the development of young footballers during
their training. Through these exercises, young players have
the opportunity to come into contact with the ball more
frequently, thus improving their ball handling skills, and to
develop understanding of space and movement, as well as
overall game intelligence in relation to physical, technical,
tactical, and mental performance; an alternative proposed is
reduced games with position (RGP). This approach offers a
more realistic representation of the game than conventional
reduced games or traditional training. In recent years, there
has been an increase in the popularity of RGP due to their
ability to recreate real game situations (Olthof et al., 2015).

Reduced games with position (RGP), on the other
hand, aim to strengthen the specific skills of players within a
team, using small groups. These games are characterized by
a reduced number of players and a smaller playing surface,
and a positioning of players in the different sections of the
field while respecting the roles defined by the coach, namely
roles in defense, midfield, and attack. This positioning
promotes interactions between players in restricted spaces.
The aim is to mimic the movements and displacements
observed in real game situations (Clemente et al., 2014).

High-intensity reduced games with position (RGP)
enhance players’ fitness, both aerobically and anaerobically.
Kokstejn etal. (2024) observed that even low-intensity games
can improve overall fitness, as players continuously perform
high-intensity actions within them. Furthermore, these
types of games contribute to the development of endurance,
speed, and agility, essential qualities for excelling in soccer
(Clemente et al., 2021). By reducing the number of players,
RGP also offer participants the opportunity to become more
involved in the game. Extensive studies have suggested that
they can be used to improve physical skills in restricted game
environments, which require reactions and quick decision-
making. The comparison is made between intensive playing
conditions, and this helps to improve players’ overall fitness.

In terms of technical performance, several studies
highlight the technical benefits of RGP for young players.
According to Sarmento et al. (2018), it was found that young
players involved in RGP experienced notable improvements
in their technical performance, as well as in their ability to
understand the tactical aspects of the game. Players need
to develop technical skills such as ball control, passing
accuracy, and their ability to maintain possession in a tight
space despite pressure. This is crucial to their personal and
collective technical training, as it helps them improve not
only their individual performance but also harmonize their
actions with those of the team (Sgro et al., 2018; Praga, G et
al., 2016).

Role-playing on the pitch helps players acquire skills
and try out different tactical combinations and approaches.
By encouraging players to make quick and accurate
decisions, this improves their tactical understanding of the
game. According to Ometto et al. (2018), players are able
to adapt quickly to changes in the game and respond better
to tactical challenges posed by their opponents thanks to
these direct experiences. RGP are a derivative version of
classic RGP. They require greater mobility while observing
the positions assigned to each player. In a live role-playing
game, progression depends on the position occupied by the
player, the transitions made, individual technical skills, and
the collective intelligence of the players.

It can be advantageous to use traditional training
methods to improve individual technical skills. According
to Slaidins and Fernate (2021), it is suggested that repeated
practice of individual exercises can lead to significant
improvements in technical skill. In 2021, Oliva-Lozano
and his team made an interesting discovery of traditional
training that proved to be particularly effective in improving
both shooting accuracy and dribbling skills (Oliva-Lozano,
2021).

While these methods may improve specific skills, they
may not guarantee the contextual application that is offered
by RGP. According to Griin (2016) and More-Chevalier
(2020), it is possible for players to succeed in acquiring a
technical skill but encounter difficulties when it comes to
applying it effectively in a real match situation.

Researchers advocate an integrated approach because
of the unique advantages offered by RGP and traditional
training methods. According to Clemente et al. (2021), by
combining the contextual and decision-making advantages
of RGP with conventional training methods geared towards
improving targeted skills, it is possible to develop a more
comprehensive training program. This hybrid approach
ensures that players improve their physical and technical
skills while developing tactical understanding, contributing
to an overall improvement in performance.

Taking these various observations into account, it is
clear that reduced games with position can help improve the
physical, technical, tactical, and mental skills of young soccer
players in training. This study aims to analyze the impact of
RGP on the development of physical and technical qualities
in young players in training. We seek to determine whether
RGP can provide a significant competitive advantage over
traditional training methods.

Materials and Methods

Study Participants

The study included 40 soccer players in the under-17
category from a team of 20 players from the federal club
of Kenitra and another team of 20 players from the federal
club of sale, Morocco, with at least 3 years’ experience in
competitions. They were selected by their technical man-
ager, so that the teams would be balanced in terms of player
positions (defenders, midfielders and strikers). This precau-
tion was taken to enable the teams to maintain a high level
of competitiveness and concentration during the matches.
To reduce variability between participants, the same teams
trained 3 times a week. During the sessions, training with
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reduced games with position was introduced into the pro-
gram for the experimental team, and conventional training
for the control team. All participants were tested as part of
the team training program. Data were collected between
winter and spring (December 2023-March 2024). The study
was approved by the local ethics committee, and all partici-
pants were informed of the experimental protocol and gave
informed consent for participation in the study. Appropriate
ethical standards were observed.

Protocol

To measure the influence of reduced games with
position on players’ physical and technical qualities, the
researcher set up a series of tests. These tests, carried out
before and after a 12-week training intervention based on
RGP for the experimental group and conventional training
for the control group, were designed to assess the players’
physical and technical performance. Anthropometric
measurements only describe the characteristics of the
sample; this parameter is not taken into account in the study,
serving only to show the balance between the players of the
two teams, a yo-yo test (YYIRT1) to determine maximum
aerobic speed (MAS), assessment of muscular power and
elasticity of the lower limbs using the squat jump test (S])
and the counter movement jump test (CM]J). Linear and
angular velocity were assessed over distances of 10 m, 20 m
linear and 20m with change of direction. Technical tests
using the Loughborough Soccer Passing Test (LSPT) for ball
control and the Loughborough Soccer Shooting Test (LSST)
for shooting, and a game test in the form of an official match
(treatment team and control team). The same tests will be
repeated after 12 weeks of training to assess the effect of
reduced games with position on the players’ physical and
technical performance.

Design

The first game situation [situation 1: maintaining
possession of the ball: Rondo] was conducted according to a
set of game rules. The second game situation [situation 2: ball
possession in a defense, midfield and attack configuration,
example 5vs5 with the following layout (2-1-2)], the third
game situation [situation 3: Rondo with transition 6vs6 with
a configuration: 4vs2(1-2-1vs2) in a square, which becomes
a 6vs4(2-2-2vs4) on a rectangular pitch that projects to a
6vs4+2(2-2-2vs4+2)] and the fourth specific game situation
[situation 4: 7vs7(2-3-2, with goalkeeper)] matches, in the
different game situations we used configurations without
goal and with small and large goal. This study did not
analyze goalkeeper performance. The games were preceded
by 15 minutes of standardized warm-up and took place in
the afternoon.

Physical Tests

Yo-Yo Intermittent Recovery Test (YYIRTI): This is
a field test designed to measure players’ aerobic capacity.
The yo-yo test was carried out on a synthetic pitch. The test
consisted of two repeated runs of 20 m (out and back) at
progressively increasing speed, controlled by a sound signal
from a tape recorder and separated by a 10-second recovery

time. Running speed was increased in stages, and players
continued the test until they were no longer able to keep
up with the pace imposed by the audio file. When a player
failed to reach the finish line on time on two consecutive
occasions, the distance covered (m) was recorded as the test
result. The test was preceded by a standardized 10-minute
warm-up (Gogte, Srivastav, & Miyaru, 2017).

Linear sprint speed test: Players performed two linear
sprints over distances of 10m and 20 m. The fastest time
of the two trials was recorded for the final analysis (Drozd,
Krzysztofik, Nawrocka, Krawczyk, Kotuta, Langer, &
Maszczyk, 2017).

Speed of change of direction (VCD) test: Georges
Cazorla’s VCD test is a football-specific tool for assessing
players’ ability to change direction and re-accelerate at high
speed. The course measures 20 meters in actual running,
but the actual distance covered is 16 meters. The player
had to complete the course as quickly as possible, making
4 changes of direction. Players conducted two trials, and the
fastest result was selected for further analysis. An adequate
warm-up is crucial for preventing injuries prior to the test.
A proper warm-up is essential before carrying out the test.

o%
3‘20m..° s, 5m
o‘. ",LSOm 2,50m A
: * . ..llllllllllllll
2,50m 1 .SOm‘;‘ K]

‘(. ;o 320m

16m = 20 m de course
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sEsEEEEEENES

Départ < P Arrivée

Fig. 1. Schematic representation of the speed test with direction
change (Semenick, 1990)

Vertical jump tests: the vertical jump test is widely used
to assess leg strength. Measurements were taken prior to
the squat jump (S]) and counter-movement jump (CMJ)
training programs. For the SJ, players remained in a static
semi-squat position with a knee flexion angle 90 for 1 second
before executing a maximal vertical jump. For the CM],
players started in a standing position and had to perform a
downward movement to a semi-crouched position followed
by a full, explosive vertical extension of the legs. Hands
on hips during SJ and CM]J. Players performed two jumps
and the average of the two jumps was taken for the final
analysis. To assess jump height, Opto-jump and the My jump
application were used to deduce jump height.

Technical Tests

Loughborough Soccer Pass Control Test (LSPT): The
LSPT test was developed and validated by Ali, Foskett, and
Gant (2008) to assess various football-related technical
skills (Figure 2). The LSPT examines various soccer skills,
including the assessment of passing accuracy and technique.
Assessment of a player’s ability to handle the ball in motion.
Evaluation of the speed with which a player processes
information and makes decisions during play. This is a
comprehensive test that provides information on a soccer
player’s general skills. Players started the LSPT with the ball
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in the center of the test area, then were asked to complete
16 passes against benches with colored parts on each bench.
LSPT performances included the original time to determine
the 16 passes, the penalty time, and the execution time.
Players were asked to complete the test as quickly as possible
with the fewest errors.

Yellow

35m

Green Blue.

4am 075m

Central zone
(25mx1m)

0.6 mI

Passing zone (4 m x 2.5m)

Cone

Fig. 2. Schematic representation of the Loughborough Soccer
passing Test (LSPT)

Loughborough Soccer Shooting Test (LSST): The
Loughborough Soccer Shooting Test (LSST) is widely used
to assess footballers’ shooting skills (figure 3). It combines
performance time with positive and negative point scoring
for technical performance as well as errors. The LSST
was designed to assess a player’s accuracy, strength and
consistency when shooting at goal.

Statistical Analysis

Data were analyzed by the repeated-measures ANOVAII
test, and post hoc analyses (pairwise comparison) were
analyzed by the Bonferroni test. All data analyses were
performed with SPSS 24 (IBM Corp., Armonk, NY, USA).
A significance level of 5% was adopted for cases.

Results

The results in Table 1 highlight the impact of training on
the physical performance of both the experimental and control
groups, using repeated measures via ANOVA II, followed
by Bonferroni post hoc tests. The results reveal significant
improvements in several parameters for the experimental
group, while the control group shows little change.

Analysis of changes in the physical variables
of young footballers in training

Maximum Aerobic Speed (VMA). The results show an
increase in VMA for both groups after training. Repeated
measures ANOVA revealed a significant effect of training
(F(134=18.602, p < 0.001), but the interaction between
training and groups was not significant (p = 0.811). Post hoc
comparisons indicate a significant average increase in VMA
for the experimental group, rising from 15.749 to 15.932,
representing a significant increase of 1.16 % (Pponr < 0.0041).

10-meter speed. Analysis of 10-meter speed performance
showed a significant decrease in time for the experimental
group (from 2,072 to 1,971 seconds), corresponding to a
reduction of 4.87 %, while the control group remained
stable. Repeated measures ANOVA revealed a significant
effect of training (F, ;4 = 45.061, p < 0.001) and a significant
interaction between training and groups (F s, = 9.222,
p = 0.005). Post hoc tests confirmed that the reduction
in speed time was significant for the experimental group
(Pronr < 0.001).

20-meter speed. A similar trend was observed for
20-meter speed, with a decrease in time for the experimental
group (from 3,470 to 3,392 seconds), a reduction of 2.25 %,
and stability for the control group. ANOVA showed a
significant effect of training (F 5, = 11.719, p < 0.002),
but the interaction between training and groups was not
significant (p = 0.328). Post hoc tests show a significant
decrease for the experimental group (ppo.s < 0.001).
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Fig. 3. Schematic representation of the Loughborough Soccer Shooting Test (LSST)
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Table 1. Effect of a 12-week training program based on reduced games with position versus a traditional training program

on the physical qualities of players in training

ANOVA p-value (n?)

Variables Group Pré Post Cohend . Formation X group
Formation Group . .
interaction

15.705 15.910 -0.268

VMA Control <.001 (0.001) 0.896 (0.004) 0.811 (0.005)
Exp 15.749 15.932 -0.240
2.092 2.053 0.374

V10 m Control <001 (0.102) 0.125 (0.054) 0.005 (0.021)
Exp 2.072 1.971 0.992
3.851 3.709 0.423

V20 m Control 0.002 (0.022) 0.003 (0.217) 0.328 (0.002)
Exp 3.470 3.392 0.233
5.864 5.761 0.464

VCD20 m Control <.001 (0.087) 0.515 (0.011) 0.023 (0.005)
Exp 5.847 5.681 0.742
34.889 36.556 -0.236

SJ Control <.001 (0.012) 0.931 (0.001) 0.620 (0.001)
Exp 35222 36.611 -0.197
38.222 39.556 -0.179

CcMJ Control <.001 (0.016) 0.991 (0.003) 0.012 (0.001)
Exp 37.667 40.056 -0.321

VMA: maximun aerobic spead; V10 m: linear sprint speed test; V20 m: linear sprint speed test; VCD20 m: speed of change of direction;

SJ: squat jump; CMJ: countre mouvement jump

20-meter speed with change of direction. For angular
20-meter speed, the results also indicate a significant
reduction in time for the experimental group (from 5,847 to
5,681 seconds), representing a reduction of 2.84 %, but not
for the control group. Repeated measures ANOVA reveals
a significant effect of training (F s, = 106.808, p < 0.001)
and a significant interaction (F(, 5, = 5.672, p = 0.023). Post
hoc comparisons confirmed that the improvement was
significant for the experimental group (pyons < 0.001).

Squat jump (S]). Regarding static jump performance,
a significant increase was observed for the experimental
group (from 35.222 to 36.611 cm), i.e. an increase of 3.94 %,
while the control group remained stable. ANOVA shows a
significant effect of training (F, 54, = 30.303, p < 0.001), but no
significant interaction (p = 0.620). Post hoc results indicate
that the increase in SJ is significant for the experimental
group (Pponr < 0.001), although training improved jumping
performance for both groups.

Countermovement jumping (CM]). Finally, the increase
in countermovement jumping (CM]) performance was
also significant for the experimental group (from 37.667
to 40.056 cm), representing an increase of 6.34 %. ANOVA
revealed a significant effect of training (F;, = 87.817,
p<0.001) and a significant interaction between training and
groups (F(34=7.062, p = 0.012). Post hoc tests confirmed
that the increase was significant for the experimental group
(Pbont < 0.001), suggesting that this type of training has a
specific positive influence on CM]J for this group.

Analysis of changes in the technical variables
of young footballers in training

With regard to technical performance, the results in
Table 2 highlight the impact of training on the technical
performance of both the experimental and control groups,
using repeated measures via ANOVA II, followed by
Bonferroni post hoc tests. The results reveal significant

improvements in several parameters for the experimental
group, while the control group shows little improvement.

Number of passes. The results show a significant increase
in the number of passes for the experimental group after
training, rising from 10,000 to 12,667, an increase of 21.05 %.
In contrast, the control group remained stable. The repeated
measures ANOVA indicates a significant effect of training
(Fuss = 39.535, p < 0.001) and a significant interaction
between training and groups (F(, 5, = 4.421, p = 0.043). Post
hoc tests confirmed that the increase was significant for the
experimental group (Pponr < 0.001).

Pass control time. The experimental group showed
a significant reduction in pass control time, from 49.284
to 43.012, a reduction of 12.73 %, while the control group
remained stable. Repeated measures ANOVA revealed
a significant effect of training (F 5, = 39.014, p < 0.001)
and a significant interaction between training and groups
(F130= 28.689, p < 0.001). Post hoc comparisons show that
this reduction is significant for the experimental group
(pbonf < 0001)

Shooting with the right foot. Right-foot shooting
performance increased significantly for the experimental
group, from 7.833 to 12.500, representing an increase of
59.58 %, while the control group remained stable. ANOVA
shows a significant effect of training (F;, = 73.174,
p <0.001) and a significant interaction between training and
groups (F 34 = 35.545, p < 0.001). Post hoc results indicate
that the increase is significant for the experimental group
(Poons < 0.001).

Shooting with the left foot. Shooting with the left foot
also showed a significant increase for the experimental group,
rising from 5.833 t0 10.056, an increase of 72.40 %. The control
group remained stable. Repeated measures ANOVA revealed
a significant effect of training (F, ;4 =74.293, p<0.001) and
a significant interaction (F, 5, = 23.885, p < 0.001). Post hoc
comparisons show that the increase is significant for the
experimental group (Pyons < 0.001).
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Table 2. Effect of a 12-week training program based on reduced games with position versus a traditional training program
on the technical qualities of players in training

ANOVA p-value (n?)

Variables Group Pré Post Cohen d Formation x group
Formation Group . .
interaction

9.941 10.611 -0.391

NBR PASSE Control <.001 (0.175) 0.043 (0.070) <.001 (0.063)
Exp 10.000 12.667 -1.566
Control 49.361 48.879 0.122

TPS DE CONTROLE <.001 (0.131) 0.018 (0.101) <.001 (0.096)
Exp 49284 43012 1.594
7.889 8.722 -0.249

TIRP D Control <.001 (0.133) 0.091 (0.061) <.001 (0.064)
Exp 7.833 12.500 -1.394
5.833 7.000 -0.380

TIRP G Control <.001 (0.153) 0.126 (0.049) <.001 (0.049)
Exp 5.833 10.056 -1.376
9.363 9.236 0.136

TPSTP D Control <.001 (0.045) 0.186 (0.041) 0.018 (0.022)
Exp 9.254 8.559 0.741
9.190 9.184 0.007

TPSTP G Control 0.447 (0.005) 0.498 (0.010) 0.473 (0.004)
Exp 9.132 8.921 0.257

p < 0.05, LSPT: Loughborough soccer pass control test; LSST: Loughborough soccer shooting test; NP: number of pass; PCT:pass control

time; SRF: shooting with the right foot; SLF: soothing with the left foot; STREF: shooting time with the right foot; STLF: shooting time

with the left foot

Shooting time with the right foot. The time taken to
shoot with the right foot decreased significantly for the ex-
perimental group, from 9.254 to 8.559, a reduction of 7.51 %,
while the control group remained stable. The ANOVA shows
a significant effect of training (F, 5= 13.020, p < 0.001) and
a significant interaction (F,;, = 6.184, p = 0.018). Post hoc
tests confirm that this reduction is significant for the experi-
mental group (Pponr < 0.001).

Shooting time with left foot. Performance in terms
of shooting time with the left foot also showed a decrease
for the experimental group, from 9.132 to 8.921, a
reduction of 2.31%. However, the effects of training and
the interaction between training and groups were not
significant (F(3,=0.591, p = 0.447, and F( 5, = 0.527,
p = 0.473 respectively). Post-hoc tests show that the decrease
is not significant (pyo.r = 1.000), although performance did
decrease slightly for the experimental group.

The overall results of the study show that the training
significantly improved both the technical skills and physical
performance of the young footballers in the experimental
group, compared with the control group. Notable improve-
ments were observed in the number of passes, shooting ac-
curacy with both feet, as well as significant reductions in pass
control time and shooting time with the right foot. In terms
of physical performance, significant improvements were ob-
served in maximum aerobic speed (VMA), speed over 10
and 20 meters, angular velocity over 20 meters, as well as in
squat jump (S]) and countermovement jump (CM]) abilities.

The results of statistical tests, including repeated
measures ANOVA and Bonferroni post hoc tests, supported
by percentages of change, confirm the effectiveness of the
training methods used to optimize technical and athletic
performance. However, the differences observed between
groups for certain variables, such as speed and CM] jumping
ability, suggest that specific, targeted training approaches

may be required to maximize gains in different areas of
performance. These findings highlight the importance of
tailored training strategies to improve both technical skills
and physical abilities in the context of soccer.

Discussion

To the best of our knowledge, this is the first study to
compare the effects of reduced games with position (RGP)
versus traditional training applied during the competition
period on the physical and technical qualities of players
in training. The initial hypothesis was that RGP, with
characteristics and rules similar to those of competition,
would provide strong evidence supporting the effectiveness
of reduced games with position (RGP) in improving
the physical and technical performance of young soccer
players compared to traditional training methods. RGP
offer a more integrated and realistic approach, improving
various performance parameters more effectively (Sarmento,
Clemente et al., 2018; Olthof, Frencken, & Lemmink, 2015).

Theresults of the study showed that there were significant
differences in the pre-test and post-test for the experimental
group using the reduced position sets. These results
indicate that several factors influenced the improvement
in subject performance for the experimental group at
posttest. The factors influencing the improvement in player
performance were the implementation of training sessions
over 12 weeks and the process of training in the reduced
position game throughout the experimental period.

The study showed that 12 weeks of training based
on reduced games with position at maximum intensity
significantly improved all the physical performance
characteristics tested (p < 0.05). RGP, due to their high
intensity and short recovery periods, also promote speed
endurance. This translate into a better ability to maintain

966



Errama, M., Bassiri, M., Atifi, J., & Lotfi, S. (2024). A Comparative Analysis of the Effects of Reduced Positional Games and Traditional
Training on the Physical and Technical Performance of Young Soccer Players in Training

high speed over extended periods. Akdogan, Yilmaz, Kokld,
Alemdaroglu, and Cerrah (2021) found that RGP improve
speed endurance, and more recent studies confirm this
observation, indicating a better ability of players to repeat
intense efforts (Castillo et al., 2021). The 10 m and 20 m
sprint results are in line with those of Rebelo, Silva, Rago,
Barreira, and Krustrup (2016), who showed that regular
RGP sessions increase players’ maximum speed through
frequent repetitions of short sprints. Similarly, more recent
studies confirm these findings, indicating a significant
improvement in maximum speed after prolonged periods
of RGP (Hammami, Gabbett, Slimani, & Bouhlel, 2018).
The present study indicated that training based on reduced
games with position also affected 20 m speed with a change
of direction.

The more restricted environment and density of players
force participants to react quickly to a variety of stimuli, im-
proving their reaction speed. A study by Querido and Clem-
ente (2020) observed that players trained with RGP showed
significant improvements in acceleration compared to those
trained with traditional methods. These findings are support-
ed by recent research showing that RGP can increase reaction
speed through frequent exposure to intense game situations
(Bujalance-Moreno, Latorre-Roman, & Garcia-Pinillos, 2018).

RGP are known to increase exercise intensity, raising
heart rate and oxygen consumption (Sarmento et al,
2018). These conditions favor the development of physical
qualities such as power and explosiveness. The squat jump
is an indicator of the explosive strength concentrated in the
legs. RGP, because of their requirement for rapid changes of
direction and short sprints, can improve lower limb strength.
A study by Rebelo, Silva, Rago, Barreira, and Krustrup
(2016) showed that players who regularly participated in
RGP improved their squat jump (S]) performance. More
recent research corroborates these findings, indicating
significant gains in explosive strength after periods of RGP
training (Hammami et al., 2018). For example, the counter-
movement jump (CM]J), which measures elastic power
and leg explosiveness using a stretch-shortening cycle, can
improve CM] performance. Springham et al. (2024) observed
significant improvements in CM] performance after regular
RGP sessions. Other recent studies support these findings,
showing gains in explosive power and jump height after RGP
training (Bujalance-Moreno et al., 2018).

RGP significantly improved VMA (1.16 %), 10 m linear
speed (4.87 % reduction), 20 m speed (2.25% reduction),
20 m speed with change of direction (2.84 % reduction),
SJ vertical jump height (3.94 % increase), and CMJ (5.96 %
increase) compared with traditional training. Consequently,
the results of this study reveal that RGP may be more
appropriate than traditional training for improving the
physical performance of young soccer players in training.

RGP have also proven effective in improving technical
skills, as evidenced by the LSPT and LSST results. Frequent
interaction with the ball and realistic game scenarios in RGP
help players develop better ball control, passing accuracy, and
shooting accuracy (Clemente & Sarmento, 2020). Our data
showed that selected players increased the number of post-
test passes (p < 0.001). Reduced play has been shown to in-
crease the frequency of interactions with the ball, providing
more opportunities to practice passing. The more restricted
environment of the RGP requires greater precision and speed

in passing. A study by Sarmento et al. (2018) showed that RGP
significantly improve passing accuracy through the repetition
and intensity of playing situations. Furthermore, recent re-
search indicates that RGP can increase the number of success-
ful passes due to the constant pressure exerted by opponents
(Sarmento et al., 2018). Our results for this study in reduced
games with position are consistent with previous studies, as
players in pressing situations can move according to their po-
sitions on the pitch, which implies intelligent movement that
enables them to be effective in controlling passes.

What’s more, players are constantly under pressure in
the RGP. Ball control, which is a key skill in passing mastery,
poses many problems for young players in training, as they
have to make quick decisions to pass the ball to their partner
in the best possible conditions. RGP offer an ideal frame-
work for improving initial control and ball handling. Rebelo,
Silva, Rago, Barreira, and Krustrup (2016) found that play-
ers who regularly participated in RGP showed a significant
improvement in ball control. Recent studies confirm these
results, highlighting that RGP increase the frequency and
quality of ball touches (Bujalance-Moreno et al., 2018).

As far as shooting is concerned, RGP increase the num-
ber of shooting situations due to the constant proximity of the
goal. Players often have to shoot under pressure, which im-
proves their ability to take accurate, powerful shots in matches.
This confirmation is consistent with our results. Rusdiana, Rah-
matillah, and Asidik (2017) found that RGP promote improved
shot accuracy and power. Other recent research shows that
RGP training can increase the number of shots attempted and
taken in matches due to frequent opportunities to practice this
technical skill (Hammami, Gabbett, Slimani, & Bouhlel, 2018).

The results indicated that the experimental group had
significantly higher values than the control group. RGP
offer additional advantages over traditional training, as
they integrate physical and technical aspects into the game,
enabling players to develop specific skills in relation to the
actual game of the match while improving the tactical side
(Sgro, Bracco, Pignato, & Lipoma, 2018). What’s more, the
variety of RGP formats means that sessions can be tailored
to players’ specific needs (Halouani, Chtourou, Gabbett,
Chaouachi, & Chamari, 2014).

This study has certain limitations. It involved two teams
of 20 players (experimental team and control team), which
constitutes a small sample size. In addition, the level of the
players could influence the results of the study. Furthermore,
the assessment of off-game performance and the impact of
the game context in terms of field size, number of players,
and specific rules applied (Santos et al., 2018; Clemente et
al., 2023) could limit the results obtained. Secondly, it is
important to note that our study was conducted in a single
club. Consequently, the results should be interpreted with
caution, as they may not apply to all clubs in Morocco.
Future research should include larger samples involving
multiple clubs to enhance the generalizability of results and
reduce specific biases related to the skill level of a single
group of players. Additionally, it would be pertinent to
diversify participant profiles by including varying levels of
skill and experience, to explore the impact of small-sided
games (SSGs) across a wider range of players.

It would also be useful to conduct longitudinal studies
that allow the observation of SSG effects over extended
periods. By tracking players over multiple seasons, researchers
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could assess the long-term effects of SSGs on players’ technical,
physical, and tactical performance compared to traditional
training.

Furthermore, an in-depth analysis of contextual
variables, such as field size, the number of players, and
specific rules, could provide a better understanding of their
influence on SSG outcomes. Future research could therefore
explore different SSG formats, adjusting these parameters
to optimize training according to specific objectives
(e.g., developing game vision, pressing ability, or endurance).

Finally, to enrich the understanding of SSG impacts, it
would be beneficial to integrate more precise measurement
tools, such as GPS technology to track players’ movements, or
video analysis to examine tactical behaviors. These methods
could provide more detailed quantitative and qualitative
data on observed improvements, allowing for more tailored
adaptation of SSGs to the individual needs of players and the
specific characteristics of each game context.

Conclusions

This study shows that twelve weeks of training with
reduced games with position during the competition period
improves physical and technical qualities. Indeed, our results
indicate that a twelve-week training program with 3 weekly
sessions of reduced games with position aimed at improving
endurance, muscular strength and power, linear sprinting
and speed with change of direction, as well as specific
technical skills, ball control, passing and shooting, led to
significant improvements in young footballers in training.
Our results may help soccer coaches to better select the most
effective training methods during the competition period.
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MopiBHANbLHUI aHani3 BNANBY peAyKOBaHNX NO3ULINHNX irop
Ta TPagULiNnHOro TpeHyBaHHA Ha NOKa3sHUKU Pi3sNYHOI Ta TEXHIYHOT
pe3ynbTaTUBHOCTI IOHUX PyTOONICTIB y Nnpoueci NiaroroBKu

Mocrada Eppama’*BPE, Mycrada Bacipi'APP%, [Ixxaadap Aridi'*®PE, Cain JTordi'APCPE

"VuiBepcurer Xacana II B Kacabmanmi

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

Pedepar. Crarrs: 10 c., 2 Tab., 3 puc., 33 mxeperna.

Icropia nutaHHA. BripoBamkeHHs peyKOBaHNX IIOSUILINHNX irop AK METOAY TPEHYBAaHH:A B Cy4acHOMY GyTOOIII € BaXk1u-
BUM BU3HAYa/IbHIM YMHHUKOM BIOCKOHA/IEHHS Ta PO3BUTKY HaBIYOK I0HMX QYTOOIICTIB y IpoLiec Mi/irOTOBKM.

Mera gocmimkeHHa. MeTowo JOCTiIKeHHs Oy/I0 BM3HAYUTY BIUIUB 12-TIOKHEBOTO Iepiofly 3aCTOCYBaHHA pPeAyKOBaHMUX II0-
3ULIHMX irOp Ha ITOKa3HMKM (i3UIHOI Ta TEXHIYHOI Pe3yIbTaTUBHOCTI I0HMX GYTOOICTIB Iif Yac TPeHyBaHb.
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Marepianu ta MmeToau. Y BOCTifKeHH] B3sun ydacts 40 ¢yTOomicTiB 900BidO0I cTari, siki TpeHyoThcst B Kiny6i CFC, mio
IpefcTaB/sA€ HallioHaIbHUIT YeMmioHaT Mapokko Ul7. BinmosifHo o KIy6HOI IPMHAIEXHOCTI, TpaBIiB 6y/I0 pO3NOfieHO Ha
€KCIIePMMEHTA/IbHY T'PYILY, B AKill 3aCTOCOBYBa/Iacs MPaKTMKa PeJyKOBaHUX IIO3NLIHIX irop, Ta KOHTPOJIbHY TPYILY, KA 3aliMa-
JIacs B paMKaxX TPaAMLiiHNX TpeHyBaHb. O61IBI KOMaHAM OpajM y4acThb Y TPeHYBa/IbHUX 3aHATTAX TPUYi HA TVDKAEHD IPOTATOM
12 mvoxuiB. Koxxue sanaTTs Tpusano 90 xsummH. [lepen moyaTkoM i mic/is 3aBepliieHHs Kypcy 0Ou/iBi rpynu BUKOHYBa/IM TECTH 3
¢isnunoi migrorosku (Yo-Yo iHTepBabHUIT TECT HA BUSHAYEHH: PiBHA 3ara/jbHOI (i3MYHOI BUTPUBAIOCTI, MIHIHUI CIIPUHT Ha
10 m, 20 M i 20 M 3i 3MiHOI0 HAIIPSIMKY, CTPUOOK i3 IIOTIOXKEHHI IIPUCIAY, BEPTUKAIBHNUIT CTPUOOK i3 KOHTPPYXOM), @ TAKOXK TECTN
3 oliHku piBHA TexHiuHoi migroroBku (LSPT — The Loughborough Soccer Passing Test, JTad6opcbKuit TecT Ha BU3HAYEHHS TOY-
Hocri macis; LSST — The Loughborough Soccer Shooting Test, Jlap60pcbkuit TecT Ha BUSHAYEHHS TOYHOCTI YAAPIB), ITif] 4ac SKuX
OLIHIOBA/IMCA BCi IIOKA3HMKM, JOCATHYTI YYaCHMKaMM 000X I'PYIL 3 METOIO KiIbKiCHOI OLIiHKM pe3y/IbTaTiB BUKOPUCTOBYBAIICS
HacTynHi nporpamm: OptoJump (OnTUYHA cHCTeMa KOHTPOJIIO Ta aHa/li3y KiHeMaTUYHUX XapaKTepUCTUK TOKOMOTOPHUX PYyXiB
CIIOpCTMeHiB), fogaTok My Jump (TexHOJOrisA BMMIpIOBaHHs Pe3yIbTaTUBHOCTI CTPUOKIB) Ta MaTPMUIl KOHTPOII TEXHIYHMX
€/IEMEHTIB.

PesynbraTu. PesynbraTu foCiifiyKeHHA BUABMINM 3HAYHE ITOKPAIIEHH:A ITOKA3HUKIB MaKCMMa/IbHOI aepo6Ho'1' IIBUAKOCTI
(MAII) (p < 0,001; n* = 0,017); crrpunri Ha 10 M (p < 0,001; n* = 0,102), cipunTi Ha 20 M (p = 0,002; n* = 0,022), cupuaTi Ha 20 M
(p < 0,001; n* = 0,022), cupuuri Ha 20 M 3i 3MiHOW HanpsAMKy (p < 0,001; n”> = 0,087), a TAKOXX 30ibIIEHHS BUCOTH CTPUOKIB i3
nonokeHHs npuciny (p < 0,001; n* = 0,012) i BepTukanpHux cTpubKis i3 KoHTppyxoMm (p < 0,001; n* = -0,016). [TopiBHsIHO 3 pe-
synpratamu JIapOOpCbKOro TecTy Ha BU3HAYEHHs TOYHOCTI MaciB, B eKCIIEPUMEHTAIbHIN IPyII criocTepiranocs 36ibleHHs
Kinbkocti mepenay M'staa (p < 0,001; n® = 0,175) i cyTTeBe MOMINIIEHHS OKa3HUKIB KOHTPOIo macis (p < 0,001; n* = 0,131).
3a pesynbraramu Jlah6OpCHKOro TeCTy Ha BUSHAYEHHS TOYHOCTI y/japiB, BCTAHOBJIEHO 3HAYHE MiABMIEHHS Pe3y/lIbTaTUMBHOCTI
ynapis (p = 0,001; n* (mpasa Hora) = 0,045; n* (;iBa Hora) = 0,049) Ta 3MeHIIEHH: Yacy BUKOHaHHA yaapis (p = 0,001; n”® (mpasa
Hora) = 0,045, n” (niBa Hora) = 0,005). Post-hoc Tectn IIPOEMOHCTPYBaIN, 110 TPEHYBAaHHA i3 3aCTOCYBaHHAM PelyKOBaHMX I10-
3ULIIHMX irOp IPMU3BE/IO IO CYTTEBOrO IOKPAIIEHHs OKa3HNUKIB Y BUKOHAHHI CTPUOKIB i3 10/10KeHHS IPUCiNY, BEPTUKAIbHNIX
CTpMOKIB i3 KOHTPPYXOM, CIpUHTi Ha 10 M, cripuHTi Ha 20 M, cipyHTi Ha 20 M 3i 3MiHOIO HaNPAMKY, @ TAKOXK Pe3y/IbTaTiB IPo-
Begenns LSPT Ta LSST.

BucnoBku. OTpuMaHi jaHi BKasylOTb Ha 3Ha4YHe MOJIIIIeHH:A TOKAa3HNUKIB (isMYHOI Ta TeXHIYHOI pe3yIbTaTMBHOCTI IOHUX
¢yT60micTiB y mpoleci miAroToBKy 3a 12-TVHKHEBOIO IPOrpaMoOI0 TPEHYBaHb HA OCHOBI PeIyKOBaHNX IIO3MUIIITHIX irop, 1o Ie-
penbadano IpoBefeHH: 3-X TPEHYBA/IbHMX 3aHATb Ha TIDK/IeHb. TaKuM YMHOM, TPEHepCbKOMY CKIafly Ta TpeHepaM 3 (isuaHol
IIiITOTOBKY PEKOMEH/IYETbCA BK/IIOUMTY TPEHYBa/IbHi 3aHATTA Ha OCHOBI peyKOBaHNMX INO3ULIHNX irop 0 IporpamMmu pivHoro
LMK/TY iITOTOBKM KOMaH/IN.

KirouoBi croBa: TpeHyBaHHs, peflyKOBaHi MO3NMLiiHI irpy, 1oHi GyTOOMICTH, DiSUTHNMI, TEXHIYHMNIL.
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Abstract

Objectives. This study aimed to evaluate the impact of an 8-week physical activity program (PAP) on health-related
fitness (HRF) components of seventh graders in Bhutan. Its emphasis areas included assessing the program’s effects
on cardiorespiratory endurance, muscular strength, muscular endurance, flexibility, and body composition.
Materials and methods. Sixty-two students were allocated into two groups using simple random sampling:

a control group (n = 31) following the standard physical education curriculum and an experimental group (n = 31)
participating in the PAP utilizing the FITT (frequency, intensity, time, and type) principle. Fitness Gram assessments
were used to measure HRF before implementing the intervention. Independent t-tests were used to compare results
between groups, whereas paired t-tests were used to compare pre-test and post-test scores within groups.

Results. All HRF components demonstrated notable improvements in the experimental group. Cardiorespiratory
endurance increased from a mean of 23.23 to 30.57 (p < 0.05), muscular strength — from 7.47 to 12.37 (p < 0.05),
muscular endurance - from a mean of 10.10 to 16.40 (p < 0.05), and flexibility - from 27.98 to 29.85 (p < 0.05). It was
additionally observed an improvement in body composition, with a notable decline in BMI. Conversely, the control
group showed a less significant decrease in flexibility and BMI, while demonstrating marked enhancements

in cardiorespiratory endurance, muscular strength, and muscular endurance.

Conclusions. The study indicates that the organized PAP was more effective than the standard physical education
curriculum in improving HRF components. These findings suggest that the implementation of structured

PA programs using the FITT principles can lead to enhanced physical fitness and health-related outcomes among

children and young people.

Keywords: Bhutanese student, health-related fitness, physical activity program.

Introduction

The lifestyle changes that are caused by the COVID-19
pandemic have led to the adoption of physical inactivity
which became a serious global threat affecting people of all
ages. As a result, the decline in health-related fitness (HRF)
among children and adolescents should be of particular
concern because it increases the likelihood of cardiovascular
disease, metabolic syndrome, obesity, and deterioration in
life quality (Ye et al., 2018). An alarming trend that has
emerged during the 21 century is the rising prevalence
of obesity in children and adolescents (Gjonbalaj et al.,
2022). Noteworthy is also the fact that 75-81 % of teenagers
between 11-17 years from all over the world do not meet the

© Lhendup, G., Savagpun, P, & Tiaotrakul, A., 2024.
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recommended levels of physical activity (PA) (WHO, 2019),
which indicates a monotonous trend of inactivity that needs
quick intervention.

According to Carlson et al. (2015) and Tremblay et al.
(2017), children’s excessive screen time and a lack of outdoor
activities in the modern day have made them physically
inactive. This increases the chances of becoming overweight
and less physically active because children find less time for
PA at school (Himmelstein et al., 2017).

People who lead sedentary lives also prove burdensome
to society due to the costs of healthcare, which represent 1%
to 3 % of the national expenditures (World Health Organiza-
tion, 2019). This problem is also associated with an increase
in non-communicable diseases (NCDs) including diabetes,
obesity, and even cardiovascular disease (Bull et al., 2020).

In Bhutan, there is a noticeable increase in physical
inactivity and sedentary behavior among adolescents, with
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29.12% reported as physically inactive according to the
Global School-Based Health Survey. This decline in HRF
corresponds with a rising burden of NCDs, which accounted
for 69 % of deaths in 2014 and rose to 71 % by 2019 (Dendup
et al,, 2020). Conditions such as obesity, diabetes, and heart
disease are becoming more prevalent among students
(Tamang et al., 2022). The WHO STEPS survey identifies
inactivity as a key risk factor for the increasing incidence of
NCDs in Bhutan (World Health Organization, 2021).

The physical education curriculum in Bhutan does
point out the merits of PA, however, it is rather vague about
specific regimes to promote fitness levels (Gyaltshen, 2023).
Also, there is a gap for such studies that would connect PA
with HRF among children and adolescents based on the
FITT principles (frequency, intensity, time, type).

Physical activity is defined as any movement of body
muscles that results in energy expenditure greater than
resting levels (Almnifi et al., 2023; Bearne, 2023; Kandola &
Bann, 2021). Key factors in assessing physical activity include
mode, frequency, intensity, duration, and context (Thivel et
al., 2018). The NCDs view PA as a vital preventative strategy
(Sdnchez-Roa et al., 2024).

Engaging in regular PA improves oxygen transport, aerobic
capacity, body composition, and muscular strength and endur-
ance (Cooper Institute, 2017). It also strengthens core muscles
and bones, helps maintain or reduce body mass, and reduces
the risk of chronic conditions like CVD and diabetes, enhancing
life expectancy (Amal et al., 2024). Additionally, PA positively
impacts mental health by decreasing depression and anxiety
while improving cognition (Melnyk et al., 2020; Northey et al.,
2018; Rebar et al., 2015). It reduces the likelihood of develop-
ing chronic conditions such as CVD and metabolic syndrome
(Swift et al., 2014). Pocaan (2024) makes an argument that is
considered one of the key aspects that influence overall health.

HRF benefits from regular PA, which encompasses
five components: 1) cardiovascular endurance (CRE),
2) muscular strength (MS), 3) muscular endurance (ME),
4) flexibility, and 5) body composition (BC) (American
College of Sports Medicine, 2013; Britton et al., 2020). CRE
indicates a person’s ability to exert effort in cardiovascular
and respiratory function (Britton et al., 2020), while MS
measures the maximum force a muscle can generate (Smith
etal, 2014). ME reflects the ability to sustain muscle strength
over time (Smith et al.,, 2014), and flexibility pertains
to the range of motion in joints (Knudson, 2018). Body
composition involves the various components that make up
the body (American College of Sports Medicine, 2013).

Research indicates that these five components are
critical standards for assessing training effectiveness,
enabling a comprehensive evaluation of HRE This broader
assessment provides a solid foundation for understanding
an individual’s fitness and health. Additionally, studies show
that traditional gender role stereotypes affect HRF rates, with
males generally outperforming females in all components
except flexibility (Santos et al., 2014). However, the core
elements of the HRF construct are consistent across genders.

The literature review revealed a gap in research on
the impact of PAP on the HRF of adolescents in Bhutan,
particularly concerning Bhutanese anthropology. While
international studies show that physical inactivity harms
HRE, most research has focused on developed countries,
highlighting the need for region-specific studies.

This study evaluates the impact of PAP on HRF among
Bhutanese students, focusing on CRE, MS, ME, flexibility,
and BC. It is based on two hypotheses: that PAP will
significantly improve HRF within the same group over time
and that there will be notable HRF score differences between
the two groups after a post-test. The findings aim to enhance
scholarly literature and assist educators and decision-makers
in promoting youth health and fitness in Bhutan.

Materials and Methods

Study Participants

The study participants were a total of 402 students
of Pema Gatshel Middle Secondary School in Bhutan.
The sample size n = 62 was computed using the G*Power
program, version 3.1.9.7, and utilized an effect size of 0.8,
p = 0.05, and test power of 95% (1-f = 0.95). In this regard,
it was determined that the sampling size was 28 participants
per group. However, to prevent cases of potential dropouts
during data collection, a further 10% (3 participants per
group) was included. As such, the 62 participants were
divided, 31 into the experimental group and 31 in the control
group. The inclusion and exclusion criteria were as follows:

Inclusion Criteria

1. Bhutanese students enrolled in an educational
institution in Bhutan.

2. Aged 13 to 17 years.

. Not involved in other research studies.

4. No history of chronic diseases (cardiovascular, diabe-

tes, asthma, neurological conditions, hypertension).

. Confirmed participation in the program.

6. Previous experience in physical activities without
limitations.

w

wul

Exclusion Criteria

1. History of chronic diseases.

2. Disabilities hindering participation in physical

activities.

3. Aged under 13 or over 18 years.

4. Currently involved in other research studies.

5. No consent from a Legally Authorized Representative

(LAR).

Due to one participant from the experimental group
withdrawing and another from the control group being lost to
follow-up, the final analysis included 60 participants: 30 from
the experimental group and 30 from the control group as
shown in the demographic characteristics in Table 1 and
the outline of the PAP and HRF testing schedule in Figure 1.

Study Design

This study employed a two-group quasi-experimental
design consisting of an experimental group (EG) and a
control group (CG). The structure of the experimental plan
is outlined as follows:

EG(n=31):0,>X,>0,

CG(n=31):0,>X,>0,
where X, represents the implementation of a PAP based on
the FITT (frequency, intensity, time, and type) principle,
developed by the research team.
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X, represents the standard physical education class
based on the prescribed PE curriculum in Bhutan.

0, and O; indicate pre-experiment HRF assessments for
the experimental and control groups.

0, and O, represent post-experiment HRF assessments
conducted after eight weeks of the intervention.

The research began with the administration of the HRF
pre-test using the FitnessGram test batteries for both the
experimental and control groups. The experimental group
then participated in an 8-week structured PAP with two
60-minute sessions per week, while the control group
followed Bhutan’s Physical Education curriculum with one
40-minute session per week. After the intervention, both
groups were retested to assess their HRF levels, and the mean
scores were calculated.

Research Instrument

The research instrument for this study consists of
adapted physical fitness test batteries from FitnessGram,
developed by the Cooper Institute (Table 3). While various
tools assess HRF globally, this study used FitnessGram
because it includes a comprehensive set of age- and sex-
specific tests that align with criterion-referenced health
standards for children and youth (Cooper Institute, 2017).

Table 1. Demographic characteristics of participants (n=60)

Experimental Group Control Group
Variables (n=30) (n=30)
n % n %

Sex
Male 13 43.33 13 43.33
Female 17 56.67 17 56.67
Age (year)
13 12 40.00 0 0.00
14 14 46.67 20 66.67
15 3 10.00 20.00
16 0 0.00 13.33
17 1 3.33 0 0.00

Adaptations were made from credible sources to ensure the
instrument’s validity and appropriateness for this research.
Human Research Ethics

This study received ethical approval from the research
ethics review committee of Naresuan University, under

]
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Fig. 1. Outline of PAP and HRF testing schedule
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Table 2. Summary of treatment program design for week 1-8

—_— Experimental group (PAP) Control group (PE)
Activity Duration Activity Duration
) Yoga for Flexibility. 60’
Partner Stretching. 60’
Outdoor Stretching R
2 Adventure. 60
Resistance Band Exercises. 60’
3 Yoga for Strength. 60’ A 40-minute
Flexibility Circuit Training. ~ 60°  Physical Education

(PE) class per

4 Bodyweight Circuit. 60 week, with
Resistance Band Workout. 60’ activities aligned
s Calisthenics Routine. 60’ to the prescribed
Partner Squat. 60’ Phys.lcal Ed1'1cat10n
curriculum in
6 Circuit Training. 60’ Bhutan
Aerobic Dance. 60’
; Run for Distance. 60’
Uphill Relay. 60’
g Soccer Drills. 60’
Team Sports. 60’

Table 3. Health-Related Fitness Test Battery

Components Test battery Assessment
Cardiorespiratory Progressive Maximum
Endurance (CRE) Aerobic aerobic fitness

Cardiovascular of students
Run (PACER)

Muscular Strength (MS) 90-degree push-up Upper body
strength and
endurance

Muscular Endurance Curl up Abdominal

(ME) muscle
endurance

Flexibility Back-Saver Sit Flexibility of left

and Reach and right legs

Body Composition Body Mass Index  Body

(BC) (BMI) composition

the approval code COA No. 309/2024 NU-IRB No. P1-
0014/2567. Informed written consent was obtained from
each volunteer before participation in the study.

Statistical analysis

This study analyzed data using descriptive and
inferential statistics, specifically focusing on HRF mean
scores. Descriptive statistics were used to present the mean
HREF scores, providing an overview of data distribution and
key characteristics (Wibowo et al., 2024). The Shapiro-Wilk
test assessed normality before the experiment. Within-
group comparisons of pre-test and post-experiment HRF

scores used paired t-tests, while independent t-tests were
applied for between-group comparisons after the 8-week
intervention. Statistical significance was set at p = 0.05, with
all analyses conducted using SPSS software.

Results

This study involved 60 seventh-grade students from
Pema Gatshel Middle Secondary School in Bhutan, divided
into an experimental group and a control group, each
with 30 students (13 males and 17 females, average age
14 + 0.9 years). It investigates the effects of a structured PAP
on HRF across five components: CRE, MS, ME, flexibility,
and BC, comparing the outcomes with those of standard PE.

Table 4 compares the mean scores for HRF components
in the experimental group (n = 30) and control group
(n=30) before and after the intervention. The paired sample
t-test showed significant differences (p = 0.05), indicating
that the intervention improved all fitness components.
In the context of CRE, the mean showed an increase of 7.34
(p = 0.00). MS rose by 4.90 (p = 0.00), and ME improved by
6.30 (p = 0.00). Flexibility showed a slight increase of 1.87
(p=0.00), while BC experienced a decrease of 1.49 (p = 0.00).

The control group significantly improved several fitness
components. CRE increased by 1.93 (p = 0.00), and MS rose
by 1.70 (p = 0.00). The ME showed an improvement of 1.47
(p = 0.03), while flexibility remained unchanged (p = 0.14).

Table 4. Comparison of Pretest and Posttest Health-Related
Fitness Scores in the experimental group and control group

Components Group Test n Mean SD t-value Sig.
Pre 30 2323 1042
EXP -6.23  0.00*
Post 30 30.57 13.98
CRE
Pre 30 21.30 9.91
CON -8.81  0.00*
Post 30 2323  10.64
Pre 30 7.47 4.34
EXP -17.97  0.00*
Post 30 1237 498
MS
Pre 30 7.30 5.39
CON -5.16  0.00*
Post 30 9.00 5.48
Pre 30 10.10 7.48
EXP -10.10  0.00*
Post 30 16.40 8.48
ME
Pre 30 10.00 6.03
CON -2.29  0.03*
Post 30 11.47 7.11
Pre 30 27.98 5.82
EXP -3.33  0.00*
Post 30 29.85 5.05
Flexibility
Pre 30 24.43 5.30
CON -1.54  0.14
Post 30 25.86 5.49
Pre 30 2245  3.56
EXP 14.12  0.00*
Post 30 20.96 3.54
BC
Pre 30 2246 286
CON 6.48  0.00*
Post 30 21.67 2.77
*Significant p = 0.05, CRE = cardiorespiratory endurance,

MS = muscular strength, ME = muscular endurance, BC = body
composition, EXP = experimental group, CON = control group.
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Table 5. Comparison of Posttest Health-Related Fitness Scores
between experimental group and control group (n = 60)

Components Group n  Mean SD  t-value Sig.
EXP 30 30.57 1398

CRE 229  0.03*
CON 30 2323  10.64
EXP 30 12.37 4.98

MS 249  0.02*
CON 30 9.00 5.48
EXP 30 16.40 8.48

ME 244  0.02*
CON 30 11.47 7.11
EXP 30 29.85 5.05

Flexibility 293  0.01*
CON 30 25.86 5.49
EXP 30 20.96 3.54

BC -0.87 039
CON 30 21.67 2.77

*Significant p < 0.05, CRE = cardiorespiratory endurance,
MS = muscular strength, ME = muscular endurance, BC = body
composition, EXP = experimental group, CON = control group.

BC also improved, with a decrease of 0.79 in the mean
(p = 0.00). Overall, there were notable improvements in
endurance, strength, and body composition.

Table 5 indicates post-test analysis comparing the
experimental group (EXP) and the control group (CON)
reveals significant improvements in various fitness
components. The EXP achieved a mean score in CRE that was
higher than the CON by a mean difference of 7.34 (p = 0.03).
In MS, EXP scored higher by a mean difference of 3.37
(p=0.02). The EXP also recorded a higher mean in ME, with
a mean difference of 4.93 compared to the CON (p = 0.02).
Flexibility improved as well, with EXP scoring higher than
CON by a mean difference of 3.99 (p = 0.01). Although BMI
did not show a significant difference (p = 0.39), the EXP

mPE posttest

mPE pretest

had a lower mean BMI, indicating a positive trend in body
composition.

Discussion

The PAP was more effective at improving HRF than
the standard PE program. Incorporating FITT principles,
the PAP successfully enhanced students’ fitness levels by
targeting all HRF components. Significant improvements
were observed after the 8-week program.

Figure 2 indicates that the results showed a significant
improvement in post-test scores for CRE in the experimental
group compared to the control group, which also showed
some improvement but to a lesser extent. Participants in
the experimental group had a mean difference of 7.34,
demonstrating the benefits of organized PAP that included
running, jogging, and movement exercises. Over the
8 weeks, increasing task difficulty enhanced oxygen uptake
and cardiovascular efficiency. The FITT principles were
applied to carefully monitor and adjust exercise frequency
and intensity, ensuring students faced appropriate
challenges. In contrast, the control group, following a
standard PE curriculum, experienced limited improvements
in CRE due to fewer aerobic workouts. This finding aligns
with research by Song et al. (2021), which noted that targeted
cardiovascular exercise programs can enhance strength
among schoolchildren. The principle of specificity was
crucial, as the PAP focused on exercises designed to boost
cardiovascular efficiency, unlike standard PE programs.

Additionally, the experimental group exhibited a
significant increase in muscular strength with a mean
difference of 4.90. This improvement resulted from
incorporating resistance exercises like push-ups and
bodyweight training, which effectively overloaded the
muscles within each student’s physical limits. In contrast,
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Fig. 2. Changes in HRF after 8 weeks of the intervention period
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the control group experienced only a minimal increase in
strength, with a mean difference of 1.70, likely due to the
absence of systematic muscle toning activities in the standard
PE curriculum. The overload principle was key to the PAP,
enabling students to progressively enhance their strength.
Gongalves et al. (2019) highlighted that structured physical
activity, including resistance training, significantly improves
basic motor skills in schoolchildren. These findings suggest
that targeted resistance exercises should be integrated into the
PAP, as they are often overlooked in standard PE programs.

Similarly, the experimental group showed a significant
improvement in muscular endurance, with a mean difference
0f 6.30. This increase reflects a better ability to sustain muscle
contractions. The repetitive exercises in the PAP focused on
low resistance and high repetitions, including bodyweight
squats and planks. In contrast, the control group had a mean
difference of 1.47, though this change was less significant
due to a lack of structured endurance exercises in their
PE sessions. The success of the PAP was largely due to its
progressive design, enabling students to gradually enhance
their endurance levels. These findings align with research
by Cvejic and Ostoji¢ (2018), which showed that structured
PAPs effectively improve muscular endurance in school-aged
children. The program adhered to FITT principles, focusing
on the frequency and intensity of workouts, resulting in
greater improvements than standard PE curricula.

Moreover, the experimental group demonstrated
better flexibility than the control group, with a mean
score difference of 1.87. This improvement is likely due
to the targeted stretching exercise and dynamic and static
stretching included in the PAP during warm-up and cool-
down sessions, which focused on major muscle groups
and joints. In contrast, the control group, following the
standard PE curriculum, saw a modest change with a mean
score difference of 1.43 due to limited flexibility training.
Flexibility is essential for injury prevention and performance
enhancement, yet it often receives insufficient attention in
fitness programs. The PAP’s targeted approach contrasts
with the broader focus of typical PE classes. Supporting
this, Lugowska et al. (2023) found that targeted stretching
significantly improves adolescents’ flexibility.

With the changes in body composition, the experimental
group experienced a significant improvement with a mean
score difference of 1.49. Such an enhancement is seen as
a result of calorie-burning exercises incorporated in the
PAP intending to increase the students’ lean muscles.
Conversely, the control group had a slight decrease in body
mass index from a mean score difference of 0.79, which was
sufficient to emphasize the non-physical impact of standard
PE lessons on body composition. This is consistent with the
findings of Swift et al. (2014), who found that supervised
PAPs incorporating aerobic and resistance exercises were
superior in improving body composition than general
activity programs. Overload was a relevant concept in the
PAP, as exercising with high- and low-intensity aerobic
exercise with resistance training worked together to keep
a calorie deficit while encouraging muscle expansion, thus
improving overall body composition. It is acknowledged
that to improve body composition, the two interventions
of aerobic and resistance training should be encouraged
and included in the PAPs, a prediction that is sometimes
neglected in regular PE classes.

The study’s results indicate that the PAP, designed with
the FITT principles, was more effective than traditional PE in
improving HRF among seventh-grade students. The PAP led
to significant gains in cardiorespiratory endurance, muscular
strength, muscular endurance, flexibility,and body composition
through its organized approach with targeted exercises.

By applying the FITT principles, the program provided
an optimal stimulus for enhancing fitness. These findings
suggest that implementing structured PAPs in schools can
lead to better fitness outcomes for children, promoting their
overall health and well-being. Moreover, they highlight
the inadequacies of the traditional PE curriculum, suggesting
a need for a more integrated approach to PE.

Conclusions

The current study showed that with proper planning
and application of the FITT principles, a PAP can signifi-
cantly improve the HRF levels of school-aged children.
The findings support implementing structured PAPs in
schools to address all HRF components, helping children
achieve lasting fitness and health benefits. Additionally, the
study highlights the need for specific exercises, progressive
overload, and appropriate intensities in PAP design to foster
positive changes in fitness. These programs aim to combat
the growing concerns of physical inactivity and its health
consequences among children.

Recommendations

Recommendations for the Implications of the Study:

1. The study’s findings can guide schools in Bhutan to
adopt similar PAPs.

2. A structured PAP based on FITT principles can offer
students a more effective fitness experience than
traditional PE classes.

Recommendations for Further Research:

1. Future research should examine the long-term effects
of PAPs on student fitness and health outcomes over
extended periods.

2. Studies should also consider integrating nutritional
guidance with PAPs to improve body composition.

3. Expanding research to include larger, diverse popula-
tions in Bhutan would provide valuable insights for
policymakers in developing tailored health promo-
tion programs.
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AHanis BnAnBY 8-TMKHEBOI CTPYKTYpPOBaHOI nporpamu ¢pisMyHOi akTUBHOCTI
Ha MOKa3HMKN 0380poBYOro ¢pitHecy y4uHiB cbomux KnaciB y ByTaHi

Teitni Jlengan'4*<P, ITyda CaBarmyn'4“?, Apdar Tiaorpaxym' P
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Pedepar. Crarts: 9 c., 5 Tabn., 2 puc., 37 mxepern.

Merta gocmigxenHsa. MeTa IIbOro JOCI/[KEHHS TO/IATala B IPOBEJEHH] aHa/Ii3y BIUIMBY 8-TVKHEBOI IPOrpaMu (1)131/1qu'1'

axtusHOCTI (IIPA) Ha KoMIoHeHTH 03f0poBUOro dirHecy (OD) yuniB chomux KnaciB y byrani. OcHOBHI HANPAMKM JOCTIPKEHHA
BKJIIOYQ/IN OL[iHKY BIUIMBY IIPOTPaMy Ha IOKa3HUKM KapiopecnipaTOpHOI BUTPUBAIOCTI, M S30BOI CU/IN, M 130BOI BUTPUBAJIOCTI,
THYYKOCTi i KOMITIO3MIIil Tifa.

Marepianu Ta MeTogu. 3a METOIOM IPOCTOI BUIIALKOBOI BUOIpKM 62 cTymeHTH OYy/I0 PO3IOMiIEHO Ha [iBi IPYIN: KOHTp-
onpHy (n = 31), siKa 3aiiMajacs 3a CTaHAAPTHOIO IIPOrPaMoI0 GisMYHOro BUXOBAHHSA, T eKCIIepUMeHTaIbHY (n = 31), sika 6paa
yaactb y IIQA i3 sacrocyBanusm mpuniuny FITT (“frequency”, “intensity”, “time”, and “type” — wacTora, iHTeHCUBHICTB, Yac
i Tym). ITeper; BIIpoBafKeHHAM iHTepBeHIIil 3 METOI0 BUMipIoBaHH: NoKasHuKiB O® BukopucToByBamm Metoauky Fitness Gram.
Jl1s mpoBeieHHs NOPIiBHAIBHOTO aHAJII3y pe3y/NbTaTiB MiX IpylHaMy BUKOPUCTOBYBanM t-KpuTepii A1 He3a/leXXHUX BUOIpOK,
a 1A 3iCTaB/IeHHs pe3y/IbTaTiB Ha Iepefi- Ta MiCATECTOBOMY eTalax HOCIKeHHA — t-KpuTepil At mapHux BUOIpoK B Mexax
3a3Ha4YeHMX IPYIL.

Pesynbraru. B excriepyMeHTanbHil rpyi NoMiTHO nokpamuuncs Bci komnonentn O®. KappiopecniparopHa BUTpUBalicTh
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1o 16,40 (p < 0,05), a rHyukicTs — 3 27,98 1o 29,85 (p < 0,05). KpiM Toro, criocTepiranocs HosminireH s IT0OKa3HMKiB KOMITO3MIIil
Tia, 3 icTOTHUM 3HIDKeHHAM iHfexcy Macu tina (IMT). HaroMicTb y KOHTpPO/IbHI IPyIIi CLIOCTEpiraocs MeHII 3HaUHe 3HIDKEH-
Hs IOKa3HMKiB rHy4KkocTi Ta IMT, BogHOYAC Bifj3HaYanocsa BupakeHe MifiBUILeHHA PiBHIB KapAiopecnipaTopHOi BUTPUBAIOCT],
M’5130BOI CM/IM Ta M 5130BOI BUTPUBATIOCTI.
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Abstract

Background. A central purpose of learning in physical education (PE) is to facilitate students’ physical development
and competence that determine lifelong engagement in exercise. Therefore, exploring and understanding students’
attitudes toward lifelong exercise contributes significantly to achieving it.

Objectives. Two studies examined students’ attitudes toward lifelong exercise. The first study focused on using social
and personal variables as predictors. The second study involved a repeated measures design to determine if there
were differences in attitudes as students progressed to the next grade and between schools. Additionally, the study
aimed to investigate whether there were variations in attitudes based on the students’ physical activity levels.
Materials and methods. In the first study, 752 students of the 7" and 10" grades participated, representing 47 classes

from 14 schools. Then, after conducting a repeated measures analysis one academic year later, from the initial sample,

460 students formed two cohorts, comprising Grades 7-8 and 10-11. All factors were internally consistent and well-
defined by the variables. The first study used hierarchical linear regression to ascertain whether social and personal
variables could be identified as predictors of students’ attitudes toward lifelong exercise. The second study used a mixed
ANOVA to assess differences in students’ attitudes, measuring at two time points and between schools. Furthermore, a one-
way ANOVA was performed to determine whether there were variations depending on students’ physical activity level.
Results. According to the findings of this study, personal variables eliminated the significance of social variables,
with task orientation having the highest beta (.33). The results also revealed a significant interaction between
measurements in Grades 7 and 8, as well as between schools. Moderately and highly active students had more

positive attitudes than sedentary students in both cohorts.

Conclusions. Task orientation and personal progress should be emphasized to increase students’ motivation.
Nevertheless, a task-supportive climate could improve their intrinsic motivation for lifelong exercise.
Keywords: attitudes, predicting, lifelong exercise, social variables, personal variables.

Introduction

In the last 20 years, the need to adopt lifelong exercise
as a central goal for Physical Education (PE) has been
crystallized (Wang & Chen, 2019). According to many
countries’ curricula, PE aims to develop students’ knowledge,
skills, and understanding to promote physical capacity and
competence to maintain a lifelong engagement in PA and
sports (MacNamara et al., 2011). This goal suggests that PE
should emphasize physical activity (PA) promotion in and
out of school (Wang & Chen, 2019). Physical education (PE)
can significantly contribute to achieving these objectives by
developing successful learners and competent individuals
with the knowledge, skills, and understanding to participate
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effectively and enjoy physical activities now and in the future
(MacNamara et al., 2011). The World Health Organization
specifically pinpointed schools as a key environment for
promoting physical activity among children and teenagers,
suggesting that schools should introduce opportunities and
programs for physical activity and provide safe and suitable
spaces that encourage participation in physical activity
(WHO, 2021). Meanwhile, participation in physical activity
is influenced by numerous factors to different extents, while
behavioral changes can be attributed to both personal
and social factors (Hu et al., 2021). Thus, while the value
of lifelong exercise has been scientifically documented
and accepted among physical education teachers (Polet et
al., 2019), additional research is necessary to understand
the factors that predict students’ positive attitudes toward
exercise and sports (Gut et al., 2020).

Students’ attitude toward lifelong exercise reflects their
tendency to act positively or negatively toward that concept
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of interest (Fishbein & Ajzen, 2010). Its significance lies
in correlating considerably with intention (Ajzen, 2005).
The study of attitudes in the literature in recent years
is explored through the theories of Fishbein and Ajzen
(Atzen, 1985, 1988, 1993; Atzen & Fishbein, 1980) and their
theoretical model that evolved with the following theories
Theory of Reasoned Action (TRA), Theory of Planned
Behavior and The Reasoned Action Approach (Silverman,
2017). Attitude is mainly investigated as a two-factor
model, cognitive and affective (Mercier et al., 2022; Lima
et al., 2018). The affective factor describes feelings related
to their attitude and reflects the emotional attachment to
the subject, while direct experience interactions often form
it (Balga et al., 2019). On the other hand, the cognitive factor
concerns beliefs (Donovan et al., 2015) and is linked to the
logical evaluation of the object of an attitude, including what
students know about the subject of their attitude. It includes
their perceptions, thoughts, opinions, or evaluations about
a topic, including perceived benefits of PE (Silverman,
2017) and positive and negative aspects (Balga et al., 2019).
Additionally, motivation plays a critical role in identifying
the potential of the school context to intervene and encourage
young people to participate in physical activity during their
free time (Polet et al., 2019) and later in life (Polet et al.,
2020). Therefore, this research investigates potential social
and personal variables of attitude theory and Achievement
Goal Theory (AGT) concerning students’ lifelong exercise.
Social variables refer to motivation climate, and personal
variables refer to perceived athletic competence, task and ego
orientation in PE, perceived benefits of PE, and enjoyment
in PE.

Social Factors

In the educational context, teachers regulate students’
motivation through the motivational climate they create
(Rodrigues et al., 2020). According to Achievement Goal
Theory (AGT) (Nicholls 1984), the motivational climate per-
ceived by the students refers to the environment created by
what teachers say and do in the class context (Rodrigues et al.,
2020), their teaching style, type of tasks, recognition of effort,
feedback, and assessment procedures (Theodosiou & Papaio-
annou, 2006). Based on Ames (1992), two types of climates
have been proposed: On one hand, a task-oriented climate
perceives learning and personal progress as necessary, based
on task and effort, while mistakes are crucial parts of the learn-
ing process (Rodrigues et al., 2020). Task-oriented climates
are associated with enjoyment, interest, intrinsic motivation
(Ferrer-Caja & Weiss, 2000; Papaioannou, 1994), and inten-
tion toward out-of-school sports participation (Rodrigues
et al., 2020). On the other hand, there is an ego-oriented cli-
mate where teachers emphasize ego-referenced criteria (Ro-
drigues et al., 2020) and normative superiority (Theodosiou
& Papaioannou, 2006). Ego-oriented climates are related to
student comparison. Furthermore, students’ perceptions of
differential treatment and normative references are linked to
unfavorable achievement outcomes (Rodrigues et al., 2020).
Research shows that focusing on ego-oriented climates does
not enhance student motivation or is not viewed as a desir-
able teaching strategy (Papaioannou, 1998), while it is nega-
tively related to intrinsic motivation, interest, and perceived
usefulness of lessons (Papaioannou, 1994).

Personal Factors

As AGT suggests, students’ view of learning and the goals
they choose to pursue are in an achievement setting and act
as goals of action (Jaakkola et al., 2019), while individuals
can demonstrate competence through two goal dimensions:
Task and ego-orientated goals (Williams & Gill, 1995). Task-
oriented students tend to adopt a positive, self-referenced
perception ofability. Competenceand subsequentsatisfaction
are obtained when they improve their performance, learn
new skills, and do their best (Jaakkola et al., 2019; Williams
& Gill, 1995). Students with a task orientation demonstrate
positive or adaptive motivated behavior (Wang & Liu, 2007)
and put significant effort into developing skills and self-
improvement (Jakobsen, 2022). In research, holding a task-
oriented goal is an essential predictor of youth sports and
exercise participation (Papaioannou et al., 2006).

On the other hand, students holding an ego-oriented
goal adopt a socially or normatively referenced perception
of ability (Jaakkola et al., 2019) and evaluate success by
comparing their ability with that of others (Jakobsen, 2022;
Zourbanos et al., 2014). For instance, students feel successful
when they demonstrate superior ability, outperform others
(Smith et al., 2015), and are evaluated as top performers
(Papaioannou, 1994), exert less effort than others while still
being socially acceptable (Jaakkola et al., 2019). In addition,
they are likely to demonstrate adaptive or maladaptive
motivational responses depending on their level of perceived
competence (Wang & Liu, 2007).

Furthermore, physical competence in PE influences
students’ motivation and affects students’ physical
performance and behavior (Kokkonen et al., 2020). It is
among the most relevant contributors to PA during
adolescence (Kokkonen et al., 2020), with physical educators
playing an essential role in students’ perceptions of physical
competence (Wallhead & Buckworth, 2004). When students
think they have demonstrated competence, they experience
success (Williams & Gill, 1995), while students who perceive
themselves as more competent in PE participate more in
out-of-school PA (Wallhead & Buckworth, 2004).

Another vital mediator in PE that is positively and
invariably associated with students’ PA and out-of-school PA
is enjoyment (Jaakkola et al., 2019; Huhtiniemi et al., 2019).
The concept of enjoyment reflects an affective construct
connected to enthusiasm, competence, and excitement for
an activity like school PE (Jaakkola et al., 2019). It expresses
the emotions of happiness, liking, pleasure, and fun (Jaakkola
et al., 2019), while it implies that students participate in
physical education when they are happy and enjoy it (Zhou
& Wang, 2019).

Furthermore, students' perceived benefits of PE are a
crucial factor that correlates with PA among youths and is
significantly associated with 60 minutes or more of PA per
day (Roth et al., 2019). They relate to the actions to be taken
and explain the positive benefits expected from participating
in PE (Standage et al., 2003b). Students willingly participate,
even though the various actions may not be perceived as
inherently pleasurable (Standage et al., 2003b). Students
tend to emphasize the perceived benefits of PA in PE,
including enjoyment, social advantages (like spending time
with friends), psychological benefits, and improved athletic
performance (Lyu & Gill, 2011).
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Moreover, research indicates that participation in
organized sports is a strong predictor of future physical
activity (Kjonniksen et al., 2009). Students who participated
in organized out-of-school physical activity programs had
more favorable cognitions, enjoyed learning, made friends,
and worked hard in physical education classes. Additionally,
they exhibited higher motivation (Shen, 2012), while long-
term involvement in organized sports during adolescence
significantly impacts adult physical activity levels (Telama et
al., 1997). Students’ participation in organized out-of-school
sports was controlled as an out-of-school context variable
that strongly affected students’ attitudes toward lifelong
exercise (Kjonniksen et al., 2009).

This research aimed to examine several variables in
school PE that support students’ motivation and predict
their attitudes toward lifelong exercise. By understanding the
factors influencing students’ positive attitudes toward it, we
can better tailor our PE lessons to apply the lifelong exercise
goal, the core of the PE curriculum. Therefore, the research
questions were: a) whether social and personal variables in
PE predict students’ attitudes toward lifelong exercise while
controlling for out-of-school organized sports participation.
Furthermore, a second study, with repeated measurement,
examined b) whether there were differences between schools
in students’ attitudes toward lifelong exercise in the amount
of change that occurs over time as students progressed from
Grades 7 to 8 and Grades 10 to 11 and ¢) whether there were
differences according to their physical activity level.

Materials and Methods
Study 1

Participants and Procedure

This research initially involved 752 students (389 boys
and 363 girls). The students attended Grades 7 (n = 339)
and 10 (n = 412). They were aged 12 and 15 (M = 13.67,
SD = 1.5). Fourteen schools were selected from different
municipal districts of Athens, the capital city of Greece, and
represented 47 classes.

One of the authors distributed the questionnaires to
the students and informed them about the study’s purpose.
The students were instructed: “In the following sentences,
circle what best matches what you think of...” and the
response alternatives were explained. They were further
informed that there were no right or wrong answers and
that they were free to ask questions.

The research was approved by the Institute for Educa-
tional Policy, and data collection was conducted after approv-
al from the University Institutional Research Ethics Com-
mittee. Participants were fully informed of the study’s nature,
and their participation was voluntary. Written consent was
obtained from all participants and their parents/guardians.

Measures

Students’ attitudes towards lifelong exercise: Students’
attitudes toward lifelong exercise were evaluated after adapting
the corresponding factor of the Physical Education Teachers’
Self-efficacy scale (Gorozidis et al., 2012) to appeal to students.
Following the stem “How significant is it for you in the Physical

Education class..” students responded to the five items of
the scale (e.g., ...to learn ways of developing, maintaining,
improving, and assessing your physical condition) on
an 11-point Likert scale ranging from 100% (absolutely
significant) to 0% (not significant at all). The content validity
was assessed by two experts in attitudes, motivation, and
questionnaire development, with many publications in
peer-reviewed journals. However, indices obtained from
the confirmatory factor analysis indicated a model accepted
with caution (s = 76.136, p < .001, TLI = .936, CFI = .968,
RMSEA =.138,90 % RMSEA =.111 - .166).

Perceived Classroom Climate Measures: The scale
of Papaioannou’s “Learning and Performance-Oriented
Physical Education Climate Questionnaire” (LAPOPEQ;
Papaioannou, 1994) was used to evaluate students’ perceived
motivational climate in their physical education class.
LAPOPEQ consists of two sub-scales measuring task and
ego-involving climate in PE. More specifically, task-involving
climate refers to students’ perceptions of the PE teacher’s
emphasis on learning (7 items; e.g., “The PE teacher is most
satisfied when every student learns something new”), while
ego-involving climate refers to their perceptions of the PE
teacher’s emphasis on performance orientation, (6 items;
e.g., “During the lesson, students try to outperform each
other”) (Papaioannou, 1994, 1998). The internal consistency
of the task and ego-involving sub-scale was a = .84 and .79,
respectively. In addition, indices obtained from confirmatory
factor analysis indicated the appropriate fit of the model with
the data (e = 288.718, p < .001, TLI = .908, CFI = .924,
RMSEA = .069, 90 % RMSEA = .061 - .077).

Perceived competence: The Sport Competence Scale
from the Physical Self-Perception Profile (PSPP-PC; Fox
& Corbin, 1989) was used to measure perceived athletic
competence in PE. It consists of six items (e.g., “Some people
feel that they are good when it comes to participating in
PE”). Students responded on a 5-point scale (5 = Very much
like me to 1 = Not at all like me). The internal consistency of
the scale was a = .83. In addition, indices obtained from the
confirmatory factor analysis indicated the appropriate fit of
the model with the data (x%g) = 54.946, p < .001, TLI = .944,
CFI =.970, RMSEA =.087, 90 % RMSEA = .066 - .110).

Taskand Ego Orientation in Physical Education: The Task
and Ego Orientation in Physical Education Questionnaire
(TEOPEQ) (Duda & Nicholls, 1992) assessed students’
dispositional goal orientation. Following the stem, “I feel
most successful in physical education when ..” students
responded to seven items referring to task orientation (e.g.,
“I learn something that is fun to do”) and six items referring
to ego orientation (e.g., “Others cannot do as well as me”) on
a 5-point Likert scale ranging from 1 (strongly disagree) to
5 (strongly agree). The internal consistency of the two sub-
scales was .84 for task orientation and .88 for ego orientation,
respectively. In addition, confirmatory factor analysis
showed acceptable goodness-of-fit indices (x%¢) = 301.006,
p < .001, TLI = .927, CFI = .940, RMSEA = .070, 90 %
RMSEA = .063 - .079).

Perceived Benefits of PE: A short version of the
“Perceived Benefits Scale” (Robbins et al., 2008) was used to
measure students’ perceived benefits in PE class. The scale
was adapted for the PE lesson and translated with a reverse
translation process to suit Greek students. Following the
stem “A major reason for me to participate or work out in
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PE class is to...” students responded to the four items of
the scale (e.g., “..take care of myself, stay in shape, and be
healthier”), on a 5-point Likert scale ranging from 1 (strongly
disagree) to 5 (strongly agree). The internal consistency of
the scale was a = .76. In addition, indices obtained from
the confirmatory factor analysis indicated a perfect fit of
the model with the data (x%, = 2.226, p = .329, TLI = .999,
CFI =1.000, RMSEA = .012, 90 % RMSEA = .000 - .074).

Enjoyment: A scale of the Intrinsic Motivation Inventory
(IMI) (McAuley et al., 1989) was used to evaluate students’
enjoyment in the PE class. A 4-item questionnaire assessed
enjoyment (e.g., “On this physical education class, I enjoy
very much”). The items were measured on a 5-point Likert
scale ranging from 1 (strongly disagree) to 5 (strongly agree).
The internal consistency of the scale was a =.77. In addition,
confirmatory factor analysis indicated acceptable goodness-
of-fit indices (x*y = 11.601, p < .01, TLI = .967, CFI = .989
RMSEA = .079, 90 % RMSEA = .039 - .126).

Statistical Analyses

Confirmatory factor analysis (CFA) was initially
conducted on all scales to assess the factor structure before
the main analyses. Descriptive statistical analyses were
conducted to describe the study variables. The internal
consistency coeflicients of the scales were computed. IBM
SPSS Statistics 29 was used, while descriptive statistics
(means and standard deviations) were obtained for all
variables.

Hierarchical linear regression as the basic analysis of
covariance problem in regression was used to determine
if the addition of information regarding task-involving
climate and ego-involving climate (social variables) and then
perceived athletic competence, task, and ego orientation in
PE, perceived benefits of PE and enjoyment in PE (personal
variables) improved the prediction of students’ attitude
towards lifelong exercise after differences in out-of-school
organized sports participation were statistically eliminated.
Motivation theories postulate that social factors influence
motivation, so a specific motivational sequence (social

factors > personal factors > consequences) was proposed
(Theodosiou & Papaioannou, 2006). The Theory of
Planned Behavior also recognizes the potential influence of
background factors (Ajzen, 2005). So, in the first steps, it was
entered the social factors (task and ego-involving climate)
and then the personal factors (perceived competence, task
and ego orientation, perceived benefits of PE, enjoyment in
PE) to see how each group of variables contributed to the
prediction.

Results

Descriptive statistics, reliability analysis, and correlations

Means and standard deviations, Cronbach’s a reliability
index, and correlations of the examined variables are
presented in Table 1.

Hierarchical regression analysis

In step 1, when out-of-school organized sports partici-
pation was entered alone significantly predicted students’
attitude towards lifelong exercise, F(, ;5 = 69.99, p < .001,
adjusted R* = .08. As indicated by the R? only 8% of the
variance in students’ attitude towards lifelong exercise could
be predicted based on their participation in out-of-school
organized sports.

When in step 2, task-involving climate and ego-in-
volving climate were added to the prediction, R* reached
.186 (adjusted R? = .182), which was statistically significant,
Fo7us = 46.08, p < .001. The addition of a task involving
climate to the equation significantly improved the predic-
tion, resulting in a substantial increment in R? which now
predicts 19 % of the variance. According to Cohen (1988),
this is a moderate effect. The ego-involving climate did not
significantly improve the prediction, while out-of-school
organized sports participation remained a significant
predictor.

In step 3, with perceived athletic competence, task,
and ego orientation in PE, perceived benefits of PE, and

Table 1. Means, standard deviations, Cronbach’s a reliability index, and intercorrelations for Students’ attitudes toward

lifelong exercise and predictor variables (n = 752)

Variable 1 2 3 4 5 6 7 8 9
1. Attitudes toward lifelong exercise - -29%%  36%*  -.005 .03 52%* d6% 497 - 36%%
Predictor Variables
2. Out-of-school organized sports participation - -16%* -.02 074 157 130 18 S22
3. Task-involving climate - -12% -.02 56** .08* A9 49
4. Ego-involving climate - .03 .04 40710 -.02
5. Perceived competence - -.02 -.006 -.03 -.04
6. Task orientation - 250627t 48%F
7. Ego orientation - 20000 14
8. Benefits of PE - 53%*
9. Enjoyment in PE -
Means 7.64 1.4 3.75 2.55 3.17 3.75 2.71 3.81 3.86
Standard deviations 2.14 48 .70 .78 .85 71 99 72 .69
a .90 .84 .79 .83 .84 .88 .76 77

Notes. a = Cronbach’s a reliability index; *p < .05; **p < .01
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Table 2. Hierarchical multiple regression analysis summary predicting students’ attitude towards lifelong exercise from
task-involving climate, ego-involving climate, perceived competence, task orientation, ego orientation, perceived benefits
of PE enjoyment in PE when controlling for out-of-school sports participation (n = 752)

Variable B SEB B R? AR?
Step 1 .08 09
Out-of-School organized Sports participation -1.30 .16 -29%*
Constant 9.41 23
Step 2 .19 .10
Out-of-School organized Sports participation -1.07 .15 -24%*
Task-involving climate .99 .10 324
Ego-involving climate .07 .09 .03
Constant 5.18 .55
Step 3 36 18
Out-of-School organized Sports participation -.87 .14 -20%*
Task-involving climate .02 12 .007
Ego-involving climate -.16 .09 -.06
Perceived competence .16 .07 .06*
Task orientation .98 12 33%%
Ego orientation .05 .07 .03
Benefits of PE .70 12 2477
Enjoyment in PE .09 a1 .03
Constant 1.80 .60

*p <.05; %*p < .01

enjoyment in PE added to the prediction, R? reached .36,
which was statistically significant, F,,4; = 41.07, p <.001.
Adding perceived athletic competence, task orientation in
PE, and perceived benefits of PE to the equation resulted
in a significant increment in R?, now predicting 32 % of the
variance. According to Cohen (1988), this is a large effect.
Ego orientation in PE and enjoyment did not significantly
improve the prediction. Out-of-school organized sports
participation was still a significant predictor, while task and
ego-involving climate were no longer significant.

This pattern of results suggests that over a third of the
variability of students’ attitudes towards lifelong exercise is
predicted by out-of-school organized sports participation,
perceived athletic competence in PE, task orientation in PE,
and perceived benefits of PE.

The entire group of variables significantly predicted
students’ attitudes towards lifelong exercise, F 743 = 52.70,
p < .001, adjusted R* = .36. This is a large effect, according
to Cohen (1988). The beta weights and significance values,
presented in Table 2, indicate which variables contribute
most to predicting students> attitudes towards lifelong
exercise from task and ego-involving climate, perceived
athletic competence, task and ego orientation in PE, benefits
of PE participation, enjoyment in PE when controlling for
out-of-school sports participation. With this combination of
predictors, task orientation has taken the highest beta (.33)
and, following that, perceived benefits (.24). In contrast,
task and ego-involving climate and enjoyment in PE add no
further to the prediction.

Study 2

This second study examined students’ attitudes over time
with a follow-up measurement. Differences were inspected in-

dividually, per school, and according to students physical activ-
ity levels (sedentary, less active, moderately active, very active).

Participants and Procedure

A repeated measurement was conducted approximately
one academic year later. From the initial sample, 460 students
(210 boys and 250 girls) provided data for the follow-up
measurement. So, two cohorts were formed, Grade 7 and 8
(n = 225) with seven schools, and Grade 10 and 11 (n = 235)
with six schools. This second study followed the same
procedure described for the first study (i.e., ethical consent
and data collection). Data were entered and matched
according to students’ date of birth, class, and school since
the questionnaire was anonymous. Students who did not
provide data for the follow-up measurement were excluded,
and missing values were deleted.

Measures

Students’ attitudes toward lifelong exercise were
evaluated using the previously validated scale “Students’
attitudes toward lifelong exercise” (Gorozidis et al., 2012).
This scale included five items (e.g., “How significant is it for
you in Physical Education class to set goals for regular out-
of-school exercise and to carry them out”) on an 11-point
Likert scale ranging from 100 % (absolutely significant) to
0% (not significant at all).

Physical activity level: Students were grouped into four
levels (sedentary, less active, moderately active, very active)
according to their self-reported physical activity levels based
on a single question using an 8-point response scale (“Think
about your typical week. How many days do you exercise for
at least 60 minutes during which you are short of breath?”).
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Statistical Analyses

A mixed ANOVA was used to assess differences in
students’ attitudes toward lifelong exercise in the two-time
measurements and their school. Additionally, a one-way
ANOVA was used to assess whether there were differences
in students’ attitudes toward lifelong exercise depending on
their physical activity level (sedentary, less active, moderately
active, very active)

Results

A mixed ANOVA was conducted to assess whether
there were differences between schools in students’ attitudes
toward lifelong exercise regarding the amount of change in
the repeated measurement of the two cohorts of Grades 7-8
and Grades 10-11. Results indicated a significant interaction
of Grade 7 and 8 students’ attitudes toward lifelong exercise
and between schools F 5,5 =2.69,p=0.15,R*=.07, eta?=.07.
For students of Grade 10 and 11, there was not indicated
a significant difference in their attitude toward lifelong
exercise F(; 59 = 1.15, p = .19 nor a significant interaction
between their attitude and school Fs 5,0 = 1.18, p = .67.
The means and standard deviations for students’ attitudes
toward lifelong exercise in the two times measurement are
presented in Table 3.

Table 3. Means and standard deviations of two times
measurement

Grade 7-8 Grade 10 -11
Variable
SD M SD
Time 1 7.98 1.84 7.62 2.11
Time 2 7.69 1.85 7.60 2.08

Furthermore, in the one-way ANOVA, a statistically
significant difference was found in the mean of the two
measurements in students’ attitudes toward lifelong exercise
among the four groups of students depending on their
physical activity level (sedentary, less active, moderately
active, very active) for Grades 7-8, F; 5, = 7,71, p < .001.
Likewise, for Grades 10-11, a statistically significant
difference was found in the mean of the two measurements
in students’ attitudes toward lifelong exercise among the
four groups of students depending on their physical activity
level (sedentary, less active, moderately active, very active)
Fes, 23y = 11.62, p < .001. Table 4 shows mean and standard
deviations for students’ attitudes toward lifelong exercise
according to their level of physical activity. Post hoc Tukey

Table 4. Means and standard deviations

Grade 7-8 Grade 10-11
Variable

n M SD n M SD
Sedentary 26 7.27 1.67 49 6.56 1.83
Less active 84 7.5 133 76 7.62 142
Moderately active 66 7.99 121 64 8.14 1.23
Very active 49 852 138 46 798  1.62
Total 225 7.83 1.41 235 7.61 1.61

Tests indicate that in Grades 7-8, sedentary and less active
students’ attitudes differed significantly with very active
students (p = .001 or less). Likewise, for Grades 10-11,
sedentary students attitudes differed significantly with less
active, moderately active, and very active students (p <.001).

Discussion

The present study investigated attitudinal and
motivation variables in PE that predict students’ attitudes
toward lifelong exercise. Identifying these factors can help
PE teachers tailor their lessons more effectively to promote
lifelong exercise. Factors were entered into a hierarchical
linear regression with a specific sequence as outlined in the
AGT theory (Lavigne et al., 2009; Standage, 2003a). Social
variables were entered first and then followed by personal
variables. The study revealed that personal variables play a
crucial role while eliminating the effects of distal variables
(Theodosiou & Papaioannou, 2006).

Participation in out-of-school organized sports was al-
ready verified as one of the strongest predictors of later physical
activity in young adults (Kjenniksen et al., 2009). As this study
aimed to test variables related only to PE, out-of-school sports
participation was entered first to work as a covariate and con-
trol its effects. So, in this study, out-of-school organized sports
participation remained a significant predictor at all steps.
This highlights the critical role of PE teachers in designing a
lesson that encourages students to engage in extra-curricular
PA (Zhou & Wang, 2019) with the hope of fostering a more
positive attitude toward lifelong exercise. According to the
literature, students with experience in organized sports tend to
have higher scores in both task and ego orientation, mastery,
and performance-oriented motivational climate compared to
students with no such experiences (Papaioannou, 1997).

The social environment mediates social-cognitive con-
structs such as goal orientations (Papaioannou et al., 2008).
It is suggested that how students perceive indications ex-
pressed by the PE teacher significantly affects student in-
vestment (Standage et al., 2003a). An encouraging teacher
committed to supporting students was more crucial to their
success in the future than having high ability (Walling &
Duda, 1995). Compatible with previous research, task-orient-
ed motivation climate promoted exercise intentions (Papaio-
annou et al., 2004) and should be pursued at the school level
(Papaioannou et al., 2006) as it is associated with lower class
anxiety (Huhtiniemi et al., 2021), increased levels of enjoy-
ment, and intentions toward leisure-time sports participation
(Rodrigues et al., 2020). A class environment associated with
personal development and improvement, effort, and learn-
ing instead of social and normative comparison is critical for
students’ positive experiences in PE (Jaakkola et al., 2019).

On the contrary, the ego-involving climate did not
significantly improve the prediction. In previous studies,
ego-involving motivational climates have increased anxiety
and reduced enjoyment in PE (Jaakkola et al., 2019).
However, personal variables eliminated the motivational
climate’s significant role. This result is compatible with
previous research, as individual factors moderate the effects
of social factors (Ferrer-Caja & Weiss, 2000).

The most crucial factor in predicting lifelong sports par-
ticipation emerged as task orientation. According to AGT,
task orientation significantly predicts adolescent sports and
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exercise participation. The results confirm the positive role of
task orientation while supporting the opinion that this salient
predictor of youth sport and exercise participation should be a
priority of the educational system (Papaioannou et al., 2006).
Task-oriented students are intrinsically motivated and adopt
self-regulatory behaviors in PE (Theodosiou & Papaioannou,
2006). On the other hand, ego orientation in research appears
tobeatemporary effect, a way to show ability, and not a cause of
involvement in sports and exercise (Papaioannou et al., 2006).

Furthermore, perceived athletic competence contributed
significantly with a small effect size. Students are more likely
to enjoy the physical education lesson and stay motivated if
it allows them to feel confident and competent (Evangelou &
Digelidis, 2018). In previous research, perceived competence
and task orientation positively impacted physical activity and
determined adolescents’ future participation in sports and
exercise. High perceived ability motivates students to con-
tinue with physical activity involvement while predicting
sport and exercise 7 and 14 months later (Papaioannou et
al., 2006). Physical competence at Grade 7 predicted later PA
engagement (Timo et al., 2015).

Another factor that significantly contributed to the
prediction was the perceived benefits of PE. These represent
beliefs that students perceive as important for their
participation in PE and PA. According to this, the activities
are performed freely but represent a means for some benefit,
e.g., fitness gains and friends. (Standage et al., 2003b).
Perceived benefits are proven crucial correlates of PA among
middle school adolescents (Roth et al., 2019).

In recent literature, enjoyment has been strongly cor-
related with participation in physical activity during PE and
leisure time (Huhtiniemi et al., 2021) and increased or main-
tained future participation (Harris et al., 2018). Among the
factors that lead to enjoyment in PE are perceptions of stu-
dents’ competence, success, game involvement, and percep-
tions of control (MacNamara, 2011). Although most students
enjoy physical activity, some have reported negative percep-
tions and anxiety that may arise from social evaluation, low
competence, and peer comparison (Huhtiniemi et al., 2021).
Enjoyments significance to the prediction in this study was
eliminated, which probably happened due to the contribution
of task orientation (Ferrer-Caja & Weiss, 2000). In a longitu-
dinal study, enjoyment in PE did not predict later PA engage-
ment (Timo et al.,, 2015). Yet, an examination of PE research
in children and adolescents indicates no documented studies
exploring the lasting effects of perceived motivational climate
on enjoyment in PE (Grasten et al.,, 2012). To increase PE
enjoyment, teachers should implement appropriate teaching
strategies that promote a mastery climate (Huhtiniemi et al.,
2021; Ferrer-Caja & Weiss, 2000) and modify activities to stu-
dents’ abilities and self-directed tasks (Zhou & Wang, 2019).

For a more comprehensive study of students’ attitudes to-
ward lifelong exercise, a second study with repeated measure-
ment was conducted to determine differences in students’
attitudes over time with the transition to the next grade. Two
cohorts were formed: Grades 7-8 and 10-11. The attitudes of
the two measurements were examined within and between
schools. The results showed a decrease in the students’ at-
titudes as they moved from Grade 7 to 8. Furthermore, the
significant interaction between students’ attitudes and the
different schools revealed that differences were not attributed
only to time but also to schools’ differences. This confirms

the importance of the school’s effect and influences early in
school life. Besides, a school-supportive PA culture/environ-
ment was emphasized in studies to enhance PA in adolescents
(Fernandez-Prieto et al., 2019). For Grades 10 and 11, neither
the main effect nor the interaction was significant. It seems
that students in that grade level have solidified their attitude.
Additionally, differences in students’ attitudes were ex-
amined according to their level of physical activity. Students
were divided into four groups based on their physical activ-
ity level: sedentary, less active, moderately active, and very
active. In middle and high school, moderately and highly
active students displayed more positive attitudes than sed-
entary students, confirming that increased physical activity
led to a more positive attitude toward lifelong exercise. In a
study, physically active university students engaged less in
sedentary behaviors (Carballo-Fazanes et al., 2020).

Strengths and Limitations

Strengths of this study include the large, representative
samples for both studies, with an initial sample of 752 male
and female students in Grades 7 and 10. Furthermore, sev-
eral predictor variables were tested according to theory, us-
ing confirmed psychometrically valid and reliable measures
to evaluate variables of interest. The hierarchical analysis
evaluated a group of predictors and, as a covariance analysis,
evaluated the predictor’s contribution while controlling for
the influence of out-of-school sports participation. Addi-
tionally, with the repeated measurement of 460 students in
Grades 7-8 and 10-11, valuable knowledge was provided on
changes over time in two different grade levels and according
to students’ physical activity levels. Further research could
improve the scale that measures “Students’ attitudes towards
lifelong exercise” for a better fit. Additional interventional
studies on students’ motivation towards lifelong PA can con-
firm results while providing further helpful knowledge.

Conclusions

The current study concludes that the students’ personal
goal orientations and perceived benefits of PE are essential
in their positive attitudes toward lifelong exercise. Personal
progress should be emphasized if we want students to
increase their motivation. However, students’ high PA level
from early school life, out-of-school sports participation,
and a perceived supportive teaching climate in PE through
positive motivational experiences could improve their
intrinsic motivation toward lifelong exercise. School
physical education should revise its content, context, and
structure to motivate students, enhance their enjoyment,
and meet their needs as they progress to higher grade levels.
Increasing students’ physical activity in physical education
and encouraging extracurricular activities is a significant
goal of the school and the curricular programs implemented.
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3’AcyBaHHA CTaBJIEHHA YYHIB 0 BUKOHAHHA
$i3nyHMX BNpaB BNPOAOBXK XXUTTA

Edcraria Epanremny'**“?, Hikonaoc [Iiremipic'4®, Xapanam6oc Kpommigac'P
'®eccanificbkuii yHiBepcuTeT

ABTOpchKMil BKIA: A — nu3aiis gocnipkenns; B — 36ip ganux; C - cratananis; D - migroroska pykomucy; E - 36ip komrris

Pedepar. Crarts: 10 c., 4 Tab1., 58 mKeperL.

IcTopis muranH:. [0710BHOIO MeTOI0 HaBYaHHsA BisnuHoro BuxosanHs (PB) e cpusHHs disnayHOMY pO3BUTKY Ta pOpMyBaH-
HIO KOMIIETEHTHOCTI Y4 HiB, 1[0 BI3HAYAE 3a/IyYEHICTH [0 3aHATH Pi3NIHMMM BIIPaBaAMU BIIPOJIOBX YCbOT0 XXUTTsL. TOMY BUBYEHHs
Ta PO3yMIHH: CTaB/ICHHS YYHIB 0 3aHATH (QisMYHMMM BIIPaBaMI BIIPOTOBXK KUTTS CYTTEBO CIIPUSAE JOCATHEHHIO Li€l MeTI.

Mera goCIiKeHH:A. Y IBOX JOCTIIXKeHHIX BUBYA/IOCS CTAB/ICHH YYHIB 10 3aHATH PI3NYHUMM BIIPaBaMU BIIPOLOBX yCbOTO
xKuTTA. [epiue focmimKeHH 6Y/I0 30cepelKeHO Ha BUKOPUCTAHHI COLia/IbHIX Ta 0COOUCTICHNX 3MiHHUX 5K IpeAuKTOpiB. [Ipyre
TOCTiKeHHA Hepefdadalo 3aCTOCYBaHHA METOAY MOBTOPHUX BUMIPIOBaHb 3a//I1 BU3HAYEHHA TOTO, YN iCHYIOTh BiIMiHHOCTI
y CTaBJ/IeHHi y4YHIB IIpY MepeXofi 0 HAaCTYIIHOTO KIacy Ta MK mkonamu. Kpim Toro, focmifixeHHA Majio Ha MeTi 3’scyBaTu Ha-
ABHICTD BiIMIHHOCTe! Y CTaBJ/IeHH] [I0 3a3HaYeHO]I IiANbHOCTI Ha OCHOBI piBHA Qi3WIHOI aKTMBHOCTI Y4YHIB.

Marepianu Ta MeTogu. Y IepUIOMY HOCTIPKEHHI B3AMM y4acTb 752 yuHi 7-x i 10-X KiaciB, AKi npencTapaamm 47 Kiacis
i3 14 mkin. 3rofoM Iic/is IpOBeleHHs aHa/li3y MOBTOPHUX BUMIpIOBaHb 4Yepe3 OffMH HaBYa/JIbHMII PiK i3 MOYaTKOBOI BMOIpKM
460 yuHiB 6ym0 chopMOBaHO ABi KOropTH, 10 cKmagamucs 3 7-8 ta 10-11 kmacis. Yci ¢akTopu 6ynu BHYTPILIHBO Y3TOMKeHi Ta
YiTKO BM3HAYEHi 3SMiHHMMM. Y II€PUIOMY NOC/iPKEHHI BUKOPUCTOBYBA/IM i€epapXiuHy JIiHiiiHY perpecito 3 METOK BCTAHOB/IEHHS
MO>X/IMBOCT] BUSHAYEHHS COLia/IbHUX Ta 0COOMCTICHUX 3MIHHUX SIK IIPEUKTOPIB CTAB/ICHH:A Y4YHIB JI0 3aHATH (isSMYHNMMU BIIpa-
BaMI1 BIPOJOBX XXUTTA. Y IPYTOMY JOCIiIKeHH] 3aCTOCOBYBaBCA 3MilllaHMII AMCIEPCiIiHNMIT aHali3 1I0/I0 OLIiHKM BifIMiHHOCTE!
Y CTaBJIeHHi Y4HIB, 1[0 BU3HAYasacs y IBOX YaCOBUX TOYKAX i Mixk mkonmamu. Kpim Toro, mpoBefieHO OHOCTOPOHHII Aucnepciii-
HIIT aHajIi3 3 MeTO0 BU3HAYeHH: TOTO, UM iCHYIOTDb BifIMiHHOCTI 3a/1e)kKHO Bifj piBHA (isMvHOI aKTMBHOCTI yYHIB.

Pesynbraru. 3rifHo 3 pesy/nbTaTaMu JOCIi[KEHHS, 0CO0ONCTICHI 3MiHHI HiBeTIOBaIN 3HAYYLIiCTh COLlia/IbHMX 3MiHHMX, IIpU
[IbOMY OpPi€EHTOBAHICTD HA 3aBJJAHHS MajIa HaiiBuIe OeTa-3HavyeHH (.33). OTpruMaHi JaHi TAKOXK BUSIBUIN 3HAYHY B3a€EMOAII0 MK
BUMIpIOBaHHAMN y 7 Ta 8 K/Iacax, a TAaKoX MK 1IIKoaMu. B 060x Koroprax y4Hi i3 oMipHOI0 Ta BCOKOIO aKTUBHICTIO Maiu 61/bII
HO3UTUBHE CTAB/ICHH [I0 3aHATD (Qi3MYHMMU BIPaBaMM, HDK y4HI, AKi BefyTb MaTOPYX/IMBIUIT CIOCIO XUTTA.

BucnoBku. 3apid migBuIleHHsA MOTMBAIil y4YHIB C/IiJj HATOIOCUTM Ha Ba>K/IIMBOCTI OPiEHTOBAHOCTI Ha 3aBJaHHA Ta 0CO-
6ucricHoro nporpecy. OfHaK CIpUATIVBNIL KIIMaT J/Is BUKOHAHHSA 3aBIaHb MOYKe MOKPAIINTY IXHIO BHYTPILIIHIO MOTUBAIIIIO /10
3aHATD Qi3VYHMMM BIIPaBaMU BIPOJOBXK YChOTO SKUTTA.

Kiro4oBi croBa: cTaB/ieHHs, IPOrHO3YBaHHs, Bi3M4HI BIIPaByU BIPOLOBXK XXUTT, COLia/IbHi 3MiHHI, 0COOMCTICHI 3MiHHI.
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Abstract

Objectives. This study aimed to collect and analyze findings from research on athletic sprinting techniques through
a biomechanics approach to provide an in-depth understanding of effective technique and biomechanical factors

that influence sprint performance.

Materials and methods. This review inquiry adhered to the PRISMA guidelines for systematic reviews and meta-
analyses. The studies should have been published between January 2020 and August 2025, which encompassed
the previous five years. The following keywords were used in the search process: Techniques for Athletic Sprinting.

The search was conducted using the ScienceDirect database.

Results. The search process showed the following results: set position - 2 articles, hip angle — 3 articles, shorter

time - 2 articles, fascicle length - 1 article, knee flexor - 3 articles, and hamstring length - 2 articles.

Conclusions. The center of mass and contact time along with force application to the back block are critical to
acceleration. Muscle properties, such as fascicle length, and joint motion (ankle, hip, and BCM), in addition to trunk,

knee, and hip angles, define sprint mechanics.
Keywords: athletic sprint, biomechanics, technique.

Introduction

Sprinters exhibit unique characteristics that differenti-
ate them from other athletes. Research shows that sprinters
have specific body size and composition traits, with top per-
formers displaying greater body mass index, muscle girths,
fat-free mass, and strength than lower-performing sprinters
(Barbieri et al., 2017). Additionally, sprinters possess inho-
mogeneous muscularity, impacting mass distribution and
mechanical difficulty in movement, although their normal-
ized moment of inertia is not significantly different from non
sprinters (Sado et al., 2023). The development of sprinting
speed is influenced by various factors such as morphological
and physiological characteristics, energy mechanisms, coor-
dination, and optimal biomechanics (Haugen et al., 2019).
Understanding these characteristics is crucial for coaches
and sports scientists to enhance sprinters’ performance
through tailored training programs and techniques.

Systematic literature evaluations help business executives
make better judgments by offering a thorough overview of a
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subject covered in business literature and directing future
research (Clark et al., 2021). According to (Foo et al,, 2021),
systematic reviews play a crucial role in synthesizing research
findings and demystifying the search process. In systematic
reviews, a search summary table enhances the reporting of
search results and broadens the body of knowledge regarding
information retrieval (Bethel et al., 2021).

Understanding effective and efficient movement in
sports is essential to enhancing skill development in novice
learners, improving performance efficiency in athletes
and musicians, and facilitating patient recovery (Wulf &
Lewthwaite, 2021). Understanding biomechanics and its
application in sports helps athletes learn the correct way
to execute skills and achieve correct mechanical technique,
leading to success (Baudha, 2023). Understanding efficient
movement in sport is important because it contributes to
our understanding of how elite performers optimize their
movements under competitive pressure (Burns et al., 2020).

Previous research limited generalizability due to small
sample size and subjective nature of concept mapping
technique (Kalemaetal.,2022). Impedesapplication of results
in track and field athletes (Moura et al., 2023). No evidence
to suggest superiority of either technique (LeDune et al.,
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2012). The main gaps in this study are the limitations of
the small sample size and the subjectivity of the concept
mapping technique, which reduces the generalizability
of the results and the accuracy of application in athletics.
In addition, there was no clear evidence regarding the
superiority of one technique over another, indicating the
need for further research. The novelty of this study lies in the
attempt to address such issues by integrating more objective
methods and using a larger sample size, as well as providing
a comprehensive analysis of the different techniques to
determine the effectiveness of the better technique and its
application in a broader athletic context.

This study aimed to collect and analyze findings from
studies on athletic sprinting techniques through a biome-
chanics approach to provide an in-depth understanding of
effective technique and biomechanical factors that influence
sprint performance. The novelty of this study lies in using a
systematic approach to review the literature on sprint tech-
nique, enabling the integration of various findings and the
development of comprehensive, evidence-based recommen-
dations, as well as identifying research areas that require
turther exploration in the context of sprint biomechanics.

Materials and Methods

Systematic literature review (SLR) is the research
method that is employed; specifically, biomechanical
analysis on sprinting is examined, studied, and interpreted.
The term “SLR research” refers to a group of studies that
deal with data gathering techniques or research subjects
that are investigated using a variety of library resources
(books, encyclopedias, scientific journals, magazines, and
documents). According to Baker (2016), the stages that the
systematic literature review goes through are as follows:

1. Create inquiries for your research.

2. Ascertain search terms, databases, and inclusion and

exclusion standards.
. Search the literature.
. Article identification and screening.
. Evaluating the literature’s viability and quality.
. Review of the literature.
. Synthesis and analysis of qualitative data.

NN U W

Study Participants

Articles from international publications that were
indexed by science direct, a very reliable database, made
up the study’s population. We looked through published
publications from Science Direct from 2020 to 2024 for
the term “Athletic Sprint Techniques” Articles published
between 2020 and 2024 made up the sample. Primary and
secondary data sources are the two categories of research
data sources used in this study. A data coding sheet is the
tool employed in this study. This information is helpful in
explaining the exclusion of specific studies from the synthesis
in addition to acting as an internal audit.

Data Collection Techniques and Instruments

Planning

Forming a review panel including experts and
practitioners to formulate a review question is the first

step in initiating the systematic review process. The review
questions will lead to the synthesis and analysis of data.
The problem formulation chapter includes a discussion of
review questions.

Data Collection

The stage of gathering data for study is known as
data collecting. The information gathered for this study
is secondary information taken from primary scientific
reports published in primary scientific publications, which
were the findings of earlier academics’ research. This study
searched a number of reliable online databases, including
Science Direct. The keywords “Athletic AND Sprint AND
Techniques” were used in the article search. To boost the
number of article searches, the author also looked through
the references of the articles that were searched.

Criteria for Inclusion and Exclusion

This step determines whether the discovered data can
be used or not for SLR research. SLR investigation or not.
The following conditions must be met for this study to be
included, or for a study to be chosen:

1. Only keyword-related data was used.

2. The article “Data” is original.

3. Only articles written in English that are indexed

using preset standards.

4. nformation utilized between 2020 and 2024

However, the following are the exclusion criteria:

1. Information unrelated to sprinting biomechanics.

2. Review articles and data are not the same thing.

3. Not an English-language article that is indexed based

on preset standards.

4. Data not from the 2020-2024 time frame.

Literature search results in
the database using
keywords
(n=2259)

| Identificati ‘

Articles are screened based

Screening

I Eligybility‘ \ Inclusion |

on publication period (2020-
2024), language and article
type
(n=551)

Articles that were
inaccessible and did not meet
the inclusion criteria
(n=1708)

Results based on inclusion
criteria, intensive reading
and relevance (n=395)

Articles outside subjective
terms (n=156)

Results based on inclusion
criteria, intensive reading
and relevance CASP (n=10)

Fig. 1. PRISMA scheme in the literature selection process

Study Instrument

The researcher employed analysis of annotated biblio-
graphies. A journal article or other textual source’s annota-
tions are just a brief synopsis of the content. A list of sources
on a single subject is called a bibliography. Analyzing the an-
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notated bibliography requires taking into account a number
of factors, including:
1. The name of the cited source
2. The author’s background and goals
3. A brief synopsis of the material
4. The significance of the sources mentioned in
addressing the posed question.

Results

Table 1. Evolution of the number of publication at year

Year of Publication Number of article

2024 110
2023 118
2022 106
2021 104
2020 113
Table 2. Source from languages
Languages Number of article
English 546
French 5

Five studies were deemed eligible to advance to the next
stage based on the articles that satisfied the inclusion criteria,
thorough reading, and relevance to address the research
issues. The mixed methods appraisal tool (MMAT), which
was modified from Hong (2018), was then used to analyze
the gathered studies. Of the eleven quantitative studies in

Tabel 3. Mixed method apparaisal tool (MMAT) 2018

Table 4, nine employed random sampling with a control or
comparison group, according to the results of the MMAT
analysis.

Discussion

The trunk angle at takeoff and the thigh separation
angle at takeoft explain almost 90 % of the variation in
initial acceleration performance in sprinters (Walker et al.,
2021). A shorter front block starting line distance (up to
50 % reduction in leg length) results in improved sprint start
performance through greater power production against the
rear block (Cavedon et al., 2022). Placing the stance foot
further behind the body’s center of mass at touchdown and
a more anterior orientation of the (King et al., 2022).

The effect of countermovement on sprinter acceleration
depends on the speed of movement, sport, and level of the
athlete (Cross et al., 2021). The decrease in hip flexion and
extension velocity during changes in running technique
during sprinting caused by fatigue allows athletes to maintain
their acceleration despite the shift in joint moments, forces,
and positive work from the hip joint to the knee joint
(Vial et al., 2023). Greater synchronization between blind
runners and guides may be important for better blind sprint
performance (Gleadhill & Nagahara, 2020).

A narrower stride width in a sprint start does not
provide any advantage in muscle contribution to supporting
or propelling the body’s center of mass (Wang et al., 2021).
Interlimb coordination during the initial sprint acceleration
is primarily anti-phase and dominant on the trailing leg, with
ankle flight and final stance driven by the leg (Donaldson et

Screening Questions

Quantitative randomized controlled trial

Is collection

2.4. What is the

. data 2.2. Are i . 2.5.Is
Is question lecti 2.1. Was th 2.3.1s th intervention tici t
Author, year research cotection ) ndomization ¢ groups 2. 18 Hhere given parficipan
. can answer . comparable is result data . obey
questions . carried out R confidentially . .
5 questions . 2 from the complete? . intervention
clear? appropriately? .. (blind) to the C .
research beginning? results assessor? Which given?
question? ’

Valamatos et al., Yes Yes Yes Yes Yes Yes Yes
2022

Moura et al., 2023 Yes Yes Yes Yes Yes Yes Yes
LIN & PANDY, Yes Yes Yes Yes Yes Yes Yes
2022

de Andrade et al., Yes Yes Yes Yes Yes Yes Yes
2021

Romero et al., Yes Yes Yes Yes Yes Yes Yes
2022

Esposito et al., Yes Yes Yes Yes Yes Yes Yes
2023

Van Wouwe et al., Yes Yes Yes Yes Yes Yes Yes
2023

Altetal, 2021 Yes Yes Yes Yes Yes Yes Yes
Walker et al., Yes Yes Yes Yes Yes Yes Yes
2021

Plesa et al., 2022 Yes Yes Yes Yes Yes Yes Yes
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Table 4. Review of research results

Title

Method

Finding

Valamatos et al., 2022
Moura et al., 2023
Lin & Pandy, 2022

de Andrade et al., 2021
Romero et al., 2022
Esposito et al., 2023

Van Wouwe et al., 2023

Altetal, 2021

Walker et al., 2021

Plesa et al., 2022

Sistematic Literature Review
Sistematic Literature Review
Observasional Study

Observasional Study
Observasional Study
Observasional Study

Observasional Study

Observasional Study

Observasional Study

Sistematic Literature Review

“Set” position, rapid hip extension at push-off, shorter flight times, and
greater propulsive forces after block exit.

Center of mass, contact time, force applied to the back block, and the
athlete’s ability to generate a large amount of force.

Muscle fascicle length than by the muscle’s intrinsic maximum
shortening velocity.

Ankle, hip, and BCM motion.
Trunk, knee, and hip angles influencing hamstring length and tension.

Forefoot bending stiffness influences sprint performance. Non-linear
bending stiffness profiles, like carbon fiber plates, may mitigate negative
effects during sprint acceleration, impacting sprinter biomechanics and
performance.

Biomechanical factors affecting sprinter performance include optimized
hip musculature, increased knee flexor strength, and enhanced ankle
plantarflexion capacity, as revealed by musculoskeletal simulations.

Biomechanical factors affecting sprinter performance include knee
extension velocity, hip mean power in the swing phase, and eccentric
hamstring strength, crucial for sprint mechanics and velocity.

Kinematic factors, such as start performance, play a crucial role in
sprinter performance according to the study on World-class male
sprinters.

Eccentric utilization ratio, force-velocity relationship, reactive strength
index, and bilateral deficit are biomechanical factors that impact
sprinter performance by providing detailed insights into neuromuscular

capabilities.

al,, 2022). Placing the stance foot further behind the center
of mass at touchdown and a more anterior orientation of the
foot and calf segments are associated with a greater force
ratio during the initial sprint acceleration (King et al., 2022)

Muscle fascicles shorten during sprint acceleration,
contributing to positive joint work and reusing elastic strain
energy (Werkhausen et al., 2021). Muscles act synergistically
to generate ground force impulses and maximize forward
momentum changes during sprinting, with the ankle
plantarflexors, soleus, gastrocnemius, broadi, hamstrings,
and gluteus medius playing key roles (Pandy et al., 2021).

Loading caused significant changes in hip, knee, ankle,
and trunk angles at touch-down and toe-off for both
acceleration and maximum velocity phases (Osterwald et al.,
2021). Greater forward trunk tilt and less neck flexion during
the run-to-sprint transition predicted faster acceleration
during the run-to-sprint transition (Jakeman et al., 2023).
The superior performance of elite athletes in sprinting is
primarily based on a larger hip angle range and smaller
knee contact angle, which contribute to a greater horizontal
velocity of the center of gravity during acceleration (Li &
Ma, 2020).

Reactive and eccentric forces contribute to the ability to
regulate leg spring stiffness during maximum speed running,
resulting in faster running speeds in highly trained runners
compared to team sport athletes (Douglas et al., 2020). Male
sprinters had higher rear-leg starting block force, force
development rate, FO, v0, and Pmax compared to females,
but no differences in slope and ratio of horizontal force to
resultant force (Mirkov et al., 2020).

Thebiomechanical analysis of sprinting revealsa complex
interplay of factors that collectively define elite performance.
Critical elements such as the initial setting position, rapid
hip extension, and enhanced propulsive forces after exiting
the blocks are fundamental for acceleration. The center
of mass, contact time, and force application significantly
influence sprint dynamics. Additionally, muscle properties,
joint motions, and body angles are pivotal in optimizing
sprint mechanics. Advanced materials like carbon fiber
plates, along with variables such as knee extension velocity
and hip mean power, further contribute to performance
enhancement. Understanding eccentric hamstring strength,
as well as biomechanical metrics like eccentric utilization
ratio, force-velocity relationship, and bilateral deficit,
provides deeper insights into the neuromuscular capabilities
essential for achieving superior sprinting efficiency.
Collectively, these factors underscore the intricate nature of
sprint biomechanics and the importance of a multifaceted
approach to improving sprint performance.

Conclusion

The biomechanical analysis of sprinting brings out
many factors underlining what makes a good sprinter.
Key elements comprise the setting position, quick hip
extension on push-off, reduced flight times, and enhanced
propulsive forces after exiting the blocks. Center of mass
and contact time along with force application to the back
block are critical in acceleration. Muscle properties — such
as fascicle length — and joint motion (ankle, hip, and BCM),
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in addition to trunk, knee, and hip angles, define sprint
mechanics. Also, high-tech materials like carbon fiber plates
and factors including knee extension velocity plus hip mean
power as well as eccentric hamstring strength play a role in
maximizing sprint performance. Insights on the eccentric
utilization ratio, force-velocity relationship, and bilateral
deficit help us understand the essential neuromuscular
capabilities for optimal running economy: efficiency during
sprinting. Future research should explore advancements in
shoe materials, targeted training interventions, optimized
starting positions and push-off techniques, biomechanical
simulations, performance differences across athlete levels,
the impact of fatigue and recovery, and injury prevention
strategies to enhance sprint performance and technique.
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MexaHiKka wBmnaKocTi: CuctemaTudHMn ornag nirteparypv
LWOAO0 TEXHIKN NIerkoaT/neTUYHOro CNpuHTY

Pymini'A®<P, Ani C'5°PE, [Tonni Bipa FOma Kycyma'cPE

'CeMapaHICbKUIL Jep>KaBHUI YHIBepCUTET

ABTOpPCHKIMIT BRI A — Au3aitH gocmipkenHs; B — 36ip ganux; C — crataHanis; D — migroroska pykorcy; E — 36ip kowrtis

Pedepar. Crarrsa: 7 c., 4 Tabn, 1 puc., 35 mxeper.

Mera gocmimxeHHs. MeTa 1bOTO JOC/IPKEHHS [O/Israna B 30MpaHHi Ta aHaIi3i Ppe3ynbTaTiB HaAyKOBUX poO6iT 3 TexHiKM rter-
KOAQT/IETYHOTO CIIPVMHTY 32 JOIOMOro0 6ioMexaHi4HOro Hifxopy 3afyisd 3a0esledeHHA NMOMIMOIeHOr0 po3yMiHHA e(eKTUBHOI
MeTOAMKY Ta 6ioMexaHiYHMX (HaKTOPIB, 1110 BIVIMBAIOTh Ha TOKA3HMKY Pe3y/IbTATUBHOCTI B CIPYUHTI.

Marepianu ta meTopu. IIpecrapnennit oryiAg0BMIT aHali3 IPOBOAMBCA BifioBigHO Ko pekomeHpauiit PRISMA mopo cuc-
TeMATMYHNX OI/L/iB Ta MeTaaHami3iB. [locmipkeHus mam 6y Ty ony6mikoBaHi B repiog 3 ciunst 2020 poky 1o ceprieHb 2025 poKy,
II[0 OXOIUTIOE MIOIIEPE/HI ITATh POKIB. Y Ipolieci mouryky 6y BUKOPUCTaHI HAaCTYIIHI K/T04oBi coBa: Texnika JlerkoarieTMaHOTO
Cnpunry. ITouryk mpoBofgyuBcsA 3a ooMororo 6asu ganux ScienceDirect.
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PesynbraTu. IIponec nomyky 1nokasaB HacCTYIHI Pe3yabTaTH: 3ajlaHe IOJIOXKEHHS Tina — 2 CTATTi, KyT HaXM/Iy CTErHa —
3 crarTi, CKOpOUeHuIt 4ac — 2 CTaTTi, JOBXIHA ITy4Ka — 1 CTATTsA, 3TMHAY KOMIHHOTO Cyr1o6a — 3 CTaTTi, JOBXMHA MiAKOIIHHOTO
CYXOXKWM/IIA — 2 CTaTTi.

BucnoBku. lleHTp Macu Tiza Ta yac KOHTaKTY, @ TAKOXK CUJIA, 1[0 IPUKIAAETHCA IO CIIMHHOTO Bifiliny, € KpUTUYHO BaXK-
JIVBUMM JUIS TIPUCKOPEHHs. BracTuBOCTI M'SI31B, SIK-OT JOBXXIHA Imy4Ka i pyx cyrno6iB (roMiZIKOBOCTOITHOTO, TA30CTETHOBOTO Ta
MOKAa3HUK LIEHTPY MacH Tija), y HOETHAHHI 3 KyTaMM HaXITy Tyl1y0a, KO/liHa i CTerHa, BUSHAYAI0Th MEXaHIKy CIIPUHTY.

KirouoBi coBa: rerkoat/ieTMYHMIT CIPYHT, Hi0OMexaHiKa, TeXHiKa.
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Abstract

Objectives. This bibliometric analysis aimed to examine the trends, patterns, and significant contributions to the
understanding of the one-handed backhand drive biomechanics in tennis from 2000 to 2024.

Materials and methods. Using the Web of Science and Scopus databases, a systematic review of academic
literature was conducted, including articles, conference papers, and reviews. The study examined publishing trends,
geographical distribution, authorship, citations, and thematic content.

Results. The analysis revealed a steady increase in publications, reaching a peak between 2015 and 2020. Research
articles were the most common document type, followed by reviews and conference papers. The United States and
Australia were the leading contributors, with a strong culture of international collaboration evident. Keywords

» <«

such as “biomechanics”, “tennis”, “backhand,” and “performance” were central to the research. The Journal of Sports
Biomechanics was a prominent publication venue, with several highly cited documents.

Conclusions. The bibliometric analysis demonstrated significant scientific progress in understanding the
biomechanical principles of the one-handed backhand drive in tennis. It highlighted the importance of
interdisciplinary collaboration and global partnerships in advancing sports biomechanics research. The study
serves as a comprehensive reference for scholars, coaches, and practitioners, offering insights into performance
enhancement and injury prevention strategies, and identifying potential areas for further research.

Keywords: biomechanics, one-handed backhand, tennis, bibliometric analysis, sports science, Web of Science,

Scopus.

Introduction

The single-handed backhand stroke in tennis is an
intricate and biomechanically challenging talent that has
attracted much attention in sports science studies. It is
of utmost importance in contemporary sports, especially
for professional athletes who employ various methods
to enhance performance and minimize the chances of
becoming injured (Elliott, Fleisig, Nicholls, & Escamilia,
2003). Comprehending the biomechanical principles that
govern the execution of the single-handed backhand drive is
crucial for coaches, players, and sports scientists who seek to
improve performance and avoid musculoskeletal problems
(Whiteside, Elliott, Lay, & Reid, 2015). The single-handed
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backhand drive is a fundamental stroke in tennis, requiring
intricate biomechanical coordination. Understanding the
biomechanics of this stroke is crucial for enhancing player
performance and preventing injuries. Over the years,
numerous studies have delved into the biomechanical
aspects of the single-handed backhand drive in tennis.
However, a comprehensive literature analysis within a
specified timeframe using bibliometric methods is lacking.
This paper aims to fill this gap by conducting a bibliometric
analysis of academic literature on the biomechanical insights
into the single-handed backhand drive in tennis between
2000 and 2024.

The significance of this analysis lies in its potential
to unravel the underlying trends, patterns, and notable
contributions within the realm of biomechanical research
on the single-handed backhand drive. By employing
bibliometric methods, we aim to distil a comprehensive
overview of the scholarly landscape, shedding light on
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seminal works, emerging trends, and avenues for future
exploration. Through this endeavour, we aspire to provide
scholars, coaches, and practitioners in the field of sports
biomechanics with a valuable resource for deepening their
understanding of the biomechanical intricacies inherent
in single-handed backhand stroke. Moreover, this analysis
endeavours to offer insights that may inform training
regimens, coaching methodologies, and injury prevention
strategies in the context of tennis. Recent studies underscore
the importance of biomechanical analysis in optimizing
player performance and mitigating the risk of injuries in
tennis. For instance, Smith et al. (2022) demonstrated how
biomechanical insights into the single-handed backhand
drive caninformthe design of personalized training programs
tailored to individual players’ biomechanical profiles.
Additionally, Jones and colleagues (2023) highlighted
the role of biomechanical feedback systems in real-time
performance analysis, allowing players and coaches to make
immediate adjustments to technique and form. Such recent
advancements underscore the timeliness and relevance of
conducting a comprehensive bibliometric analysis to distil
the collective wisdom amassed in the academic literature on
this subject.

Moreover, recent studies by Lee et al. (2021) emphasized
the importance of understanding the impact of racket
technologies on the biomechanics of the single-handed
backhand drive, while Wang and Smith (2020) investigated
the influence of court surface properties on stroke mechanics
and injury risk. These studies highlight the interdisciplinary
nature of biomechanical research in tennis and underscore
the need for a comprehensive bibliometric analysis to
synthesize the diverse array of scholarly contributions in this
field. Research in this field has significantly advanced over
the last twenty years, with an increasing amount of literature
dedicated to studying the biomechanics, movement patterns,
and force generation involved in executing the single-handed
backhand stroke (Fleisig, Nicholls, Elliott, & Escamilla,
2003). However, there is a lack of a thorough bibliometric
study covering the entire research on this topic. Hence,
the objective of this work is to perform a comprehensive
bibliometric analysis of articles on the biomechanical aspects
of the single-handed backhand drive in tennis, covering the
period from 2000 to 2024.

Material and Methods

The Web of Science and Scopus databases, which are
well-known for having sizable collections of scientific and
biomedical papers, were both used in this bibliometric
analysis (Mongeon & Paul-Hus, 2016). Due to their
complementary scopes and thorough coverage of academic
literature in the subject of biomechanics, both databases
were chosen for inclusion. The search strategy comprised
searching the Web of Science and Scopus databases with
pertinent terms like “single-handed backhand,” “tennis
biomechanics,” “tennis stroke mechanics,” and related topics.
The extensive coverage of literature particularly addressing
the biomechanical characteristics of the single-handed
backhand stroke in tennis was ensured by this wide search
approach.

The Study implicit that researcher prioritizes the
most relevant papers pertaining to their investigations on

“Biomechanical insights into the Single-handed Backhand
drive in Tennis: a bibliometric analysis”. The Web of
science and Scopus database was selected as reputable
source for retrieving citation data due to the importance
of understanding the principles of Biomechanics is one
of the primary goals. This is essential because the terms
“tennis stroke mechanics” AND “Single handed Backhand”
AND “Tennis Biomechanics” are commonly used yet can
be understood differently depending on the circumstances.
The search Produced the 413 papers and 7231 citations which
were used in the study conducted from 2000 to 2024.

Keywords used: “tennis stroke
mechanics” AND “Single handed
Backhand” AND “Tennis
Biomechanics”

Records identified through
Web of Science & Scopus [
database

Record Found Excluded due to Book,

(n=413) 2| Conferences (n=23)

|

Records after exclusion

| Excluded due to Articles are in

(n=390 Press (n=3)
V
Records after exclusion Excluded due to other
(n=387 ~1 language than English (n=2)
T
Studies included in the
synthesis (n=385)

Fig. 1. Visual representation of the flow of information through
the different phases of a systematic screening process

Figure 1 illustrated below shows the flow of information
during different phases of a systematic screening process

The inclusion criteria encompassed scholarly articles,
conference papers, and reviews published from 2000 to
2024, ensuring relevance to the contemporary landscape of
tennis biomechanics research. Articles written in languages
other than English were omitted from the analysis to
maintain consistency and guarantee that the findings could
be easily understood by a wide audience. The process of
data extraction involved gathering key information from
the retrieved articles, including the year of publication,
authorship details, specifics of the journal or conference,
and the number of citations. Additionally, a thematic
content analysis was conducted to identify important
patterns and influential works in the field of biomechanics
of the single-handed backhand drive in tennis (Falagas et
al., 2008). This methodological approach aimed to leverage
the extensive coverage and strong indexing capabilities of
both the Scopus and Web of Science databases to conduct
a comprehensive and targeted examination of the scientific
literature on this topic, ensuring a robust analysis of the
biomechanics of the single-handed backhand drive in tennis.

Study Design: A Bibliometric Method

This study employed a bibliometric method to
investigate and evaluate the scientific literature regarding
the biomechanical aspects of single-handed backhand drive-
in tennis. Bibliometrics, a quantitative approach, assesses
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publication patterns, citation networks, and research impact
within a specific sector or topic (Aria & Cuccurullo, 2017).
The study design involved systematic searches of both the
Scopusand Web of Science databases using relevant keywords
such as “single-handed backhand,” “tennis biomechanics,”
and “tennis stroke mechanics” These databases were chosen
for their comprehensive coverage and indexing capabilities.
Searches were confined to scholarly articles, conference
papers, and reviews published from 2000 to 2024, ensuring
the inclusion of recent research.

Data extraction encompassed documenting details
such as publication year, authorship, journal or conference
information, citation counts, and thematic content analysis.
Bibliometric methodologies (Van Eck & Waltman, 2010)
were employed to assess vital measures including publication
trends, author productivity, citation patterns, and theme
clusters. This methodological approach facilitated a
comprehensive examination of the development, influence,
and dissemination of research on the biomechanics of
single-handed backhand stroke in tennis. The findings
from this study offer valuable insights for researchers and
professionals in the field of sports biomechanics, aiding
in the advancement of knowledge and practice in tennis
biomechanics.

Search Strategy

For this bibliometric research, a meticulous search ap-
proach was employed, utilizing precise keywords to iden-
tify relevant and accurate literature on the biomechanics of
the single-handed backhand drive in tennis. The selected
keywords, including “single-handed backhand”, “tennis bio-
mechanics”, “tennis stroke mechanics”, and “biomechanical
analysis tennis”, were chosen for their direct relevance to the
study’s topic (see Table 1). The search strategy was executed
within both the Scopus and Web of Science databases, re-
nowned for their comprehensive collections of biomedical
and sports science literature (Mongeon & Paul-Hus, 2016).
The primary objective was to identify scholarly publications,
conference papers, and reviews published between 2000 and
2024, focusing specifically on the biomechanical aspects of
the single-handed backhand stroke in tennis.

To ensure the accuracy and reliability of the results,
articles written in languages other than English were
excluded from the search. This decision was made to
maintain consistency and facilitate the comprehension of

findings by a diverse audience. The study aimed to establish
a comprehensive and representative dataset for bibliometric
analysis by applying strict search criteria and leveraging the
capabilities of both the Scopus and Web of Science databases.
This dataset will serve as the foundation for assessing research
trends and contributions within this specific field, thereby
contributing to the advancement of knowledge in sports
biomechanics (Aria & Cuccurullo, 2017). The importance of
careful keyword selection and search strategy in bibliometric
investigations is underscored by this systematic approach,
which enables the extraction of valuable insights from the
extensive scientific literature.

Bibliometric Indicators, Analytics, and Mapping

The present bibliometric analysis examines the
biomechanical aspects of single-handed backhand drive-in
tennis, focusing on evaluating research activity and impact
through the analysis of different bibliometric variables.
The subsequent indications, in conjunction with pertinent
references and citations, were scrutinized:

1. The 12 countries with the highest research output
were determined by analyzing the number of publications
on the biomechanics of the single-handed backhand in
tennis. This indicator offers valuable information into the
worldwide distribution of research efforts on this particular
topic (Adams et al., 2016).

2. The most active institutions in this field were
determined by ranking them according to their publication
output. The analysis focuses on prominent research centers
and academic institutions that are leading the way in
advancing the field of tennis biomechanics (Bornmann &
Mutz, 2015).

3. The top journals that published the highest number
of studies on the biomechanical examination of the single-
handed backhand stroke in tennis were determined.
This metric provides insight into the specific publication
venues that have a significant impact on the distribution
of research findings in this field (Franceschini & Maisano,
2010).

4. Esteemed authors, who have made significant
contributions to this field of study, were acknowledged for
their extensive publishing records. This analysis highlights
prominent scholars and specialists who are significantly
influencing the field of sports biomechanics in tennis (Van
Raan, 2005).

Table 1. Research strategy and keywords used to retrieve the document

Search Method Keywords Constraints Exclusion Criteria
Title “Single-handed backhand”  Peer-reviewed articles, conference Non-English articles

papers, reviews
Abstract “Biomechanical analysis” Published between 2000 and 2024 Articles without full text available
Title/Abstract ~ “Tennis biomechanics” Published between 2000 and 2024 Articles without full text available
Title “Tennis stroke mechanics” Specific focus on biomechanical analysis  Duplicate publications
Title/Abstract ~ “Biomechanical analysis Relevant to single-handed backhand Studies unrelated to sports biomechanics

tennis” strokes in tennis

Abstract “Single-handed backhand”  Peer-reviewed articles, conference Non-English articles

papers, reviews
Title “Tennis biomechanics” Published between 2000 and 2024 Articles without full text available
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5. The analysis focused on the ten most often referenced
documents to identify publications that have had a substantial
influenceonlaterresearch. Thisindicationidentifiesinfluential
works and important references that have contributed to the
progress in comprehending the biomechanics of the single-
handed backhand (Garfield, 1979).

International Collaboration

This paper provides a comprehensive assessment of the
research landscape concerning the biomechanics of single-
handed backhand drive-in tennis through the presentation
and analysis of bibliometric data. These metrics offer crucial
insights into research trends, geographical distribution,
institutional contributions, and dissemination patterns
through journals, influential authors, and impactful
publications. The present bibliometric analysis specifically
scrutinizes the biomechanical aspects of single-handed
backhand drive-in tennis, with a focused examination on
research collaboration. To evaluate collaboration, author
affiliation data was extracted from both the Scopus and Web
of Science databases. Papers were categorized into two groups
based on author affiliations: international collaboration
(Multiple Country Publications - MCP) and collaboration
within a single country. The presence of international
collaboration was evident in documents authored by
individuals with affiliations from multiple nations, indicating
the existence of research partnerships transcending national
boundaries and fostering global knowledge exchange.

Conversely, intra-country collaboration refers to research
conducted within the confines of a single country. The extent
of international collaboration was quantified by determin-
ing the proportion of publications featuring authors from
multiple countries (MCP) relative to the total number of
documents published by each country. This metric provides
valuable insights into the scope of global involvement and
cooperation within the realm of sports biomechanics, particu-
larly concerning the biomechanics of single-handed backhand
strokes in tennis. This analytical framework harnesses the ro-
bust capabilities of both Scopus and Web of Science to analyze
author affiliations and assess international research networks.
Emphasizing the significance of collaborations spanning dif-
ferent disciplines and cultures, the study underscores their
role in advancing scientific knowledge and fostering inno-
vation (Glanzel & Schubert, 2005). By scrutinizing interna-
tional collaboration using MCP analysis, the study enriches
our comprehension of research networks and the impact of
global collaborations on knowledge dissemination and scien-
tific progress in the field of tennis biomechanics.

Results

The bibliometric investigation into biomechanical
insights regarding single-handed backhand drive-in tennis
unveiled a substantial escalation in publications during
the timeframe of 2000 to 2024. The yearly publication rate
exhibited a consistent rise, averaging approximately 7 %
annually. Notably, between 2015 and 2020, publications
experienced a significant surge, peaking during this period.
Research articles dominated, constituting 70% of the
total documents analyzed, while reviews and conference
papers comprised 15% each. This distribution underscores

the prevalence of original research as the primary medium
for disseminating findings in tennis biomechanics.
Analyzing the geographical distribution, the United States
emerged as the leading contributor, representing 25 % of all
publications. Australia closely followed with a contribution
of 20 %, while Switzerland contributed 5 % (refer to Table 2).

Table 2. Growth of publications and typology of documents

Value
Approximately 7 %
2015-2020

Aspect

Average Annual Growth Rate
Peak Publication Years
Document Typology:
Research Articles 70 % of total publications
Reviews 15% of total publications
Conference Papers 15 % of total publications

Geographic Distribution:

United States 25 % of total publications
Australia 20 % of total publications
Switzerland 5% of total publications

International Collaboration:

Percentage of MCP Publications ~Approximately 50 %

Mapping the most frequent keywords

The examination of keywords extracted from the
bibliometric dataset on biomechanical aspects of the single-
handed backhand drive-in tennis has identified numerous
important terms that emphasize crucial topics within the
field of study. Out of the most used terms, “Biomechanics”
emerged as the most dominant, appearing 150 times, which
accounts for approximately 31 % of all instances of keywords.
The terms “Tennis” and “Backhand” had frequencies of 80
(17 %) and 70 (14 %) respectively, indicating their significant
presence in the literature. Additional noteworthy terms were
“Stroke” (60 instances, 12 %), “Technique” (40 instances,
8%), and “Performance” (30 instances, 6 %). These terms
collectively contribute to the fundamental elements of
understanding biomechanics in the context of the single-
handed backhand stroke. Furthermore, the presence
of phrases like “Musculoskeletal” (25 instances, 5%),
“Kinematics” (20 instances, 4 %), and “Player” (15 instances,
3%) as shown in Figure 2, highlights the multidisciplinary
character of research that covers both athletic performance
and musculoskeletal mechanics in tennis.

KEYWORD MAPPING

= Biomechanics

= Tennis
Backhand
Stroke

= Technique

« Performance

= Musculoskeletal

= Kinematics

= Player

Fig. 2. Frequency of Keyword Mapping
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These keywords offer useful insights into the themes and
areas of concentration in scholarly discussions, helping to
guide future studies into specific aspects of biomechanical
analysis in the field of tennis. The occurrence percentages
of each keyword underline their relative relevance and
popularity in the analyzed literature, providing researchers
with a comprehensive perspective on major themes and
trends in this discipline.

Research Domains

The examination of research areas in the context of the
biomechanical understanding of single-handed backhand
drive-in tennis uncovers a varied landscape with noteworthy
contributions from several fields of study. Around 45.8 % of
the documents found are related to the health profession,
with a focus on research about musculoskeletal mechanics,
injury prevention, and rehabilitation specifically related
to tennis biomechanics. Simultaneously, a significant
proportion (54.2 %) of the materials fall under the category of
social sciences and humanities, highlighting the connection
between sports biomechanics and wider societal and policy-
related factors. In the field of health research, a significant
proportion (72.5%) of the documents specifically examine
law and criminology. These publications delve into the legal
and ethical aspects of sports injuries, athlete safety, and
the regulatory frameworks governing tennis biomechanics.

PERCENTAGE OF DOCUMENTS

MENTAL HEALTH
SOCIAL WORK
HEALTH POLICY AND SYSTEMS

LAW AND CRIMINOLOGY

Research Domain

SOCIAL SCIENCES AND HUMANITIES

HEALTH PROFESSION

L
-
|
i
!|
|
I

Percentage

Fig. 3. Research domains in the retrieved literature

In addition, a substantial percentage of the publications
(18.9%) focus on health policy and systems, specifically

examining healthcare delivery, policy implications,
and public health measures that are relevant to sports
biomechanics and injury management. In addition, the
analysis recognizes the contributions made by the social
work field, which accounts for 15.7% of the research.
This includes studies on socio-cultural issues, athlete well-
being, and community engagement in encouraging safe
sports practices. Furthermore, a study focusing on mental
health (14.3 %) highlights the significance of psychological
factors, stress management, and athlete resilience when
analyzing the biomechanics and enhancing the performance
of tennis players executing the single-handed backhand
stroke (see Figure 3). This extensive survey of research
domains highlights the multidisciplinary character of sports
biomechanics research, which includes the fields of health
sciences, social sciences, law, policy, and mental health views.
Through the integration of information from other fields,
scientists can enhance our comprehension of biomechanical
principles in tennis, facilitating the use of evidence-based
methods to improve player performance, ensure safety, and
promote well-being on the court.

Top 10 Countries

The analysis of countries actively engaged in producing
substantial content on biomechanical insights into the
single-handed backhand drive-in tennis reveals a diverse
and globally collaborative environment. Oxford University
emerges as a frontrunner, contributing significantly with
25% to the field of sports biomechanics research. Following
closely, the University of Melbourne makes a noteworthy
18 % contribution, showcasing a continued emphasis on
research in this domain. Other key contributors include the
Tokyo Institute of Technology from Japan, the University
of Sao Paulo from Brazil, and the University of Amsterdam
from the Netherlands, each making significant contributions
ranging from 15% to 10 %. Additionally, institutions like the
National University of Singapore, the University of Cape
Town, and the University of Texas at Austin play crucial roles
with contributions between 9% and 6% (refer to Table 3).
This collaborative effort across various geographical regions
underscores the global nature of research aimed at enhancing
athletic performance, preventing injuries, and refining
techniques in tennis, with a specific focus on understanding
the biomechanical nuances of single-handed backhand stroke.

Table 3. Top 10 active countries and international research collaboration

Rank Institution Country Number of Publications Percentage of Total Publications
1 Oxford University UK 55 3.5%
2 University of Melbourne Australia 48 3.1%
3 Tokyo Institute of Technology Japan 42 2.7%
4 University of Sao Paulo Brazil 39 2.5%
5  University of Amsterdam Netherlands 36 2.3%
6 National University of Singapore Singapore 32 2.1%
7 University of Cape Town South Africa 29 1.9%
8 University of Texas at Austin USA 26 1.7%
9 University of Helsinki Finland 23 1.5%
10 University of New South Wales Australia 20 1.3%
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International Collaboration

An analysis of international research collaboration
among the top 10 countries actively contributing to rele-
vant content on biomechanical insights into single-handed
backhand drive-in tennis reveals varying levels of engage-
ment. India emerges as a standout with the largest propor-
tion (55 %) of documents involving international research
collaboration, showcasing a strong commitment to global
partnerships in advancing sports biomechanics research.
Conversely, Brazil demonstrates a lower involvement with
only 15 % of documents engaging in international collabora-
tion, indicating a relatively limited participation in global re-
search networks. While the United States leads in the num-
ber of publications, its level of international collaboration is
moderate, with 25% of documents involving authors from
other nations. Among the 2000 papers produced by the top
10 active countries, approximately 20 % (400 publications)
involve international collaboration, underscoring the im-
portance of global relationships in fostering knowledge ex-
change and innovation in tennis biomechanics.

Top 10 Active Institutions

Oxford University (UK) emerges as the leading
institution among the top 10 contributors to research on
biomechanical insights into single-handed backhand
drive-in tennis, with an impressive publication count of
55 papers, accounting for 3.5 % of the total articles analyzed.
Following closely, the University of Melbourne (Australia)
and the Tokyo Institute of Technology (Japan) have made
significant contributions with 48 papers (3.1 % of the total)
and 42 publications (2.7 % of the total), respectively. Notably,
the University of Sao Paulo (Brazil) and the University of
Amsterdam (Netherlands) have also made substantial
contributions with 39 papers (2.5% of the total) and
36 publications (2.3 % of the total), respectively. The list also
includes the National University of Singapore (Singapore),
the University of Cape Town (South Africa), the University of
Texas at Austin (USA), the University of Helsinki (Finland),
and the University of New South Wales (Australia), each
making valuable contributions to the field. This diverse
representation underscores the global nature of research
in sports biomechanics, with institutions from various
countries contributing to the advancement of knowledge in
tennis biomechanics, particularly focusing on enhancing the
mechanics of single-handed backhand strokes.

Preferred Journals for Publishing

According to statistical data, the favored ranking of
journals for publishing publications on biomechanical
insights into single-handed backhand drive-in tennis is as
follows. Table 4 presents the ranking of authors based on
their frequency of publication (%). Smith et al. (2015) from
the Tennis Performance Institute, holds the top position
with 18 % frequency. Following closely is Johnson, B. from
the Sports Science Research Center, with 15 %. Williams
(2018) aftiliated with the Institute of Sports Technology,
secures the third position with 12%. Brown and Johnson
(2019), representing the Tennis Research Institute, occupies
the fourth spot with 10 % frequency. Clark (2019) from

the Biomechanics Laboratory, is in the fifth position with
8% frequency. Anderson and Lee (2011) associated with
the Sports Performance Institute, holds the sixth position
with 7 %. Miller (2019) from the Tennis Biomechanics
Center, ranks seventh with 6 % frequency. Jones and Johnson
(2019) affiliated with the Sports Engineering Department,
secures the eighth position with 5% frequency. Roberts et al.
(2022), representing the Sports Biomechanics Laboratory,
occupies the ninth spot with 4 % frequency. Lastly, Lee et al.
(2021), from the Institute for Sports Innovation, holds the
tenth position with 3 % frequency.

Table 4. Top 10 active authors in the field

Rank Author Frec(];:;ncy Affiliation
1 Smith, A. 18 Tennis Performance Institute
2 Johnson, B. 15 Sports Science Research Center
3 Williams, C. 12 Institute of Sports Technology
4  Brown, P. 10 Tennis Research Institute
5 Clark, K. 8 Biomechanics Laboratory
6 Anderson, T. 7 Sports Performance Institute
7 Miller, R. 6 Tennis Biomechanics Center
8 Jones, D. 5 Sports Engineering Department
9 Roberts, J. 4 Sports Biomechanics Laboratory
10 Lee, M. 3 Institute for Sports Innovation
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Fig. 4. Bibliographic map of the co-occurrence of the top
30 authors

These authors contribute significantly to the field,
shaping the discourse and advancing knowledge on the
biomechanics of single-handed backhand stroke in tennis.
These rankings are indicative and aim to emphasize
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prospective publishing platforms for academics interested
in expanding knowledge in the field of sports biomechanics
and performance enhancement specifically in tennis.
Each of these journals provides an opportunity to participate
in the scientific discussion and share research findings with
biomechanical insights specifically connected to the single-
handed backhand in tennis as indicated by a Bibliographic
map of the co-occurrence of the top 30 authors in
Figure 3 with studies focusing on the biomechanical and
electromyography characteristics that impact the execution
of one-handed backhand strokes.

Citation Analysis

In the field of sports biomechanics, particularly tennis
biomechanics, the Journal of Sports Biomechanics is a
leading publication that publishes research on single-handed
backhand strokes. This journal published 180 publications
between 2010 and 2020, garnering 3,200 citations. An article’s
average number of citations is 17.78, which attests to
the importance and significant influence of the research it
shares. 380 citations are assigned to Smith, Johnson, and
Williams (2015), whose seminal work on the biomechanics
of the single-handed backhand stroke has received significant
attention.

Other notable contributions, such as those by Brown
and White (2013) on tennis serve biomechanics, Miller
(2012) on tennis groundstroke kinematics, Clark (2014)
on racket design impact, and Anderson and Lee (2011)
on injury prevention strategies in tennis, have each
accumulated citation counts ranging from 260 to 320.
This citation analysis underscores the scholarly influence
and significance of the Journal of Sports Biomechanics in
advancing understanding and knowledge of biomechanical
principles in tennis, particularly in studies related to single-
handed backhand stroke. From 2000 to 2024, there has been
a significant increase in the number of articles dedicated

Table 5. Top 10 cited documents

to studying the biomechanical aspects of single-handed
backhand drive-in tennis. This surge can be attributed to
various critical factors. Advancements in motion analysis
technologies, such as motion capture systems and high-
speed cameras, have enabled researchers to conduct precise
and extensive evaluations of tennis strokes, particularly
the single-handed backhand (Jones et al.,, 2019; Smith
& Williams, 2020). These technologies allow for the
quantification of joint angles, velocities, and stresses during
the execution of a stroke, providing valuable biomechanical
data for research purposes. Furthermore, there is a growing
recognition of the importance of biomechanics in enhancing
tennis performance and reducing the risk of injury, which
has sparked considerable interest in this field (Brown
& Johnson, 2019; Miller, 2021). Coaches, athletes, and
sports scientists are increasingly relying on biomechanical
research to improve training strategies, design equipment,
and develop injury prevention measures for single-handed
backhand stroke.

Collaboration between disciplines has made publica-
tions on this subject more common. To improve our com-
prehension of the biomechanics behind tennis strokes, spe-
cialists from a variety of disciplines, including physiology,
engineering, sports science, and kinesiology, are working
together (Anderson & Lee, 2017; Clark, 2019). Our grasp
of tennis biomechanics has been greatly refined and en-
larged as a result of the innovative research discoveries and
methodologies brought forth by the combination of several
disciplines.

Based on the current trend of increasing publications,
itis evident that there will be continued interest and financial
support for biomechanical research focused on the single-
handed backhand in tennis. Future research endeavors may
prioritize sophisticated biomechanical investigations of
stroke techniques, biomechanical adaptations for different
player attributes, and the impact of court surfaces on stroke
mechanics (Roberts et al., 2022). Additionally, the potential

. Number of
Rank Title Source Citations Document Type

1 Biomechanics of Tennis Backhand Strokes  Journal of Sports Biomechanics 380 Research Article

2 Tennis Serve Biomechanical Analysis Tennis Science and Medicine 320 Research Article

3 Analysis of Tennis Groundstroke Journal of Sports Biomechanics 290 Research Article
Kinematics

4 Influence of Racket Design on Tennis Player Journal of Sports Biomechanics 260 Research Article
Performance

5 Strategies for Preventing Tennis Injuries Journal of Sports Biomechanics 240 Review Article

6 Factors Affecting Single-Handed Backhand  Journal of Tennis Biomechanics 230 Research Article
Stroke in Tennis

7 Biomechanical Optimization of Tennis International Journal of Sports Physiology 210 Review Article
Stroke Techniques and Performance

8 Innovative Approaches to Tennis Stroke Sports Engineering 190 Research Article
Mechanics

9 Current Trends in Tennis Biomechanical European Journal of Sport Science 170 Review Article
Research

10  Utilizing Motion Analysis in Tennis Medicine & Science in Sports & Exercise 150 Research Article

Biomechanics
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of wearable sensors and virtual reality simulations to enhance
our understanding of tennis biomechanics is noteworthy.

In summary, the rising quantity and diversity of
articles on the biomechanical analysis of single-handed
backhand drive-in tennis demonstrate the dynamic and
growing nature of this topic. The increase in research
activities in tennis is driven by advancements in technology,
interdisciplinary collaborations, and the growing focus
on performance enhancement and injury prevention.
Table 4 showcases the top 10 authors who are most active
in publishing articles about the biomechanical aspects of
single-handed backhand drive-in tennis, ranked according
to their frequency of contribution. The affiliation column
provides details regarding the institutional affiliations of
these authors, highlighting their positions within various
research institutes and departments specializing in sports
biomechanics and tennis research. These authors have
made significant contributions to advancing knowledge
in this discipline through their research publications and
intellectual endeavors. Table 5 presents data on the most
frequently referenced documents on the biomechanical
analysis of single-handed backhand drive-in tennis. These
highly referenced papers have had a substantial impact on
the advancement of knowledge and understanding in the
field of biomechanics in tennis, with a specific emphasis on
the single-handed backhand stroke.

Discussion

The objective of this work is to perform a comprehensive
Bibliometric analysis of articles on the biomechanical aspects
of the single-handed backhand drive in tennis in the field of
Biomechanics and Tennis performance, covering the period
from 2000 to 2024. The study utilized the Scopus and Web
of science database to identify 413 papers and 7231 citations
creating a comprehensive dataset for analysis

These findings underscore the significant contributions
of these nations to the advancement of research on
the biomechanics of single-handed backhand stroke.
The analysis also revealed a robust culture of international
collaboration, with nearly 50% of papers involving
authors from Multiple Countries Publications (MCP).
This underscores the existence of a strong global network
of scholars collaborating on this topic. In carrying out this
analysis, both the Web of Science and Scopus databases
were utilized to ensure comprehensive coverage of the
scholarly literature. In summary, our findings offer precise
numerical insights into growth patterns, document types,
geographic contributions, and collaborative dynamics
in the field of sports biomechanics, particularly focusing
on the single-handed backhand in tennis. This statistical
exploration highlights the evolving landscape of research in
this field and emphasizes the importance of interdisciplinary
collaboration and global partnerships in advancing scientific
understanding and innovation.

Conclusions

Overall, the examination of biomechanical knowledge
regarding single-handed backhand drive-in tennis
between 2000 and 2024 demonstrates notable progress and
consequences for the fields of sports science and athlete

performance. The increase in study articles highlights the
growing interest among researchers and practitioners in
comprehending the complex biomechanics of this tennis
stroke. Technological advancements, including motion
capture devices and 3D modeling software, have been crucial
in facilitating thorough examinations of player motions,
joint kinematics, and racket dynamics while performing
the single-handed backhand. The usage of both databases
Web of Science and Scopus has provided researchers
with comprehensive datasets for conducting thorough
analyses and identifying key trends in biomechanical
research. The topic has been enriched by interdisciplinary
collaboration among experts in biomechanics, kinesiology,
engineering, and sports psychology, providing holistic
insights on stroke optimization and measures for preventing
injuries. Significantly, biomechanical research has practical
implications for coaching approaches, training programs,
and equipment design in tennis. Enhancing player
performance and lowering the risk of injury are its main
objectives. In order to advance our understanding of and use
of biomechanics in enhancing tennis performance and player
health, future research will concentrate on performing more
thorough biomechanical assessments, examining stroke
variations under varied playing conditions, and leveraging
new technology. Tennis biomechanics is a field that is always
changing due to the integration of cutting edge research with
real-world applications. This enhances athletic performance
on the tennis court and advances the field of sports science.
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BiomexaHi4Hi acnekT BUKOHaHHA OQHOPYYHOro
6eKkxeHAY B TeHici: 6ibniomeTpnuHni aHanis

Cynin Kymap'45°P, Patna [Jac?AB<P

'TIpexpacHnit nmpodeciitunit yHiBepcuTeT
[IxaBaxap HaBopaii Bigpsmait
ABTOpPCHKMIT BKTAJ: A — Am3aitH gocnipkeHHs; B — 36ip ganux; C — craraHanis; D — migroroska pykomucy; E — 36ip komrtis

Pedepar. Crarrsa: 10 c., 5 Tabn., 3 puc., 30 mxepert.

Merta gocnimxeHHsa. MeTo 11p0ro 6161i0MeTprIHOro aHati3y 6y/10 JOCIIUTY TeHAeHLil, 3aKOHOMIPHOCTI Ta 3HAYyIIi 10-
CSTHEHHS B KOHTEKCTI pOo3yMiHHs 6i0MeXaHIK1 BUKOHAHHS OHOPYYHOro 6ekxeHAy (yhap 3/iBa ofjHiero pyko) B TeHici 3 2000
o 2024 pix.

Marepianu Ta MeTOAN. 3a JOIIOMOrOK HayKoMeTpn4Hux 6as ganux Web of Science Ta Scopus nmpoBeeHo cucteMaTiaHMIt
OITIAN aKaJeMiYHOI TiTepaTypy, BK/IIOYAI04) HAYKOBi CTaTTi, MaTepianyu KOHepeHIIiil Ta OrIARoBi cTaTTi. Y HoCIi/keHH] BUBYa-
JINCSA TaKi acleKTH, AK-0T TeH/IeHIii my6iKariiit, reorpadiuHmil pO3HOMiT, aBTOPCTBO, IUTOBAHICTD 1 TeMATUYIHUIL 3MICT.

Pesynpraru. IIpoBenennit aHai3 BUABYUB CTiiiKe 3pOCTaHHA KUIBKOCTI MyOIiKaLill, ke JOCATTIO MAKCUMYMY B TIepiof] Mix
2015 Ta 2020 poxamu. HaiimonmpeHiumm TUIIOM JOKYMEHTIB Oy/Ii JOCTIZHUIBKI CTATTi, 3a AKMMM CIiyBaIy OIJISILOBI CTAaTTi
Ta MaTepianyu KoHpepeHiit. Jlitepamu 3a KinbkicTio my6mikariit 6y Haykosui i3 CIIIA ta ABcTpartii, 110 CBITYNTH PO BUCOKY
KY/IbTYPY MbKHapo#HOI ciniBnipani. [leHTpanbHe Miclie B JOCIiIKEHH] 3aliMa/ii HACTYIIHi K/II0YO0Bi ClI0Ba: «bioMexaHiKa», «TeHic»,
«bexxeHp» i «pesynpratuBHicTb». XKypHan cnoptusHoi 6iomexaniku (“Journal of Sports Biomechanics”) Buctynms mposigaum
ny6niKauiI7[HI/IM MalTaHIMKOM, Jie 6yno MIPEeJCTaB/IEHO Ki/IbKa BMCOKOLMTOBAHMX JOKYMEHTIB.

BucHoBku. bibmiomeTpuyuHnii aHami3 0Ka3aB 3HAYHUIT HAYKOBMII IPOTpeC LIOKO PO3YMiHHA 6iOMeXaHIYHMX NMPUHIMIIB
BIUKOHAHHA OJHOPYYHOro OekxeHAy B TeHici. [IpoBefjeHNIT aHaIi3 MiIKPeCINB BaXKIMBICTh MDKAMCIMIUIIHAPHOI CITiBIpali Ta
I7106a/IbHOTO MapTHEPCTBA IION0 PO3BUTKY JOCHI/IKEHD Y ralysi CIIOPTUBHOI 6ioMexaHiku. JJoCHiKeHHs BUCTYIIA€ AK KOMII-
JIEKCHe JpKepeno iHopMalii 11 HayKOBI[iB, TPeHepiB i MPaKTUKIB, Ha/jal0uM PO3YMiHHA CTpaTerill MiABUIIEHHA CHOPTUBHOI
Pe3yIbTaTUBHOCTI TA 3aM00IraHHs TPABMATU3MY, & TAKOXX BM3HAYAKOYM [TOTEHIIMHI HAIIPSMKY IOf{0 IPOBENEHHS ITOA/IBIINX
TIOCITi/I>)KEHb.

KirouoBi coBa: 6iomexaHika, OFHOPYYHMIT OeKXeH/, TeHic, 6ibiomMmeTpryanmit ananis, ciopTuBHa Hayka, Web of Science,
Scopus.
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Abstract

Background. The rise in cardiovascular diseases has necessitated implementing effective interventions to improve

cardiorespiratory endurance.

Objectives. This systematic review aimed to evaluate the effectiveness of interval training (IT), particulary
high-intensity interval training (HIIT), in enhancing cardiorespiratory endurance across various demographics.

IT, characterized by high-intensity exercise followed by recovery periods, has gained attention for its potential

to improve key cardiovascular markers such as VO,max and cardiovascular efficiency.

Materials and methods. A comprehensive literature search was conducted using multiple databases, adhering

to the PRISMA guidelines. From 893 initially screened articles, eight studies met the inclusion criteria. These studies
examined the effects of IT, especially HIIT, on cardiorespiratory endurance across various population groups,
including sedentary individuals, athletes, and older adults. Metrics such as VO,max and cardiovascular efficiency

were the primary outcomes measured.

Results. The findings indicate that IT, especially HIIT, consistently improves VO,max and overall cardiovascular
fitness in diverse populations. HIIT has been observed to outperform moderate-intensity continuous training
(MICT) in generating faster cardiovascular adaptations. Despite its benefits, the high intensity of I'T requires careful
individualization to mitigate the risk of injury, particularly in populations with lower baseline fitness levels.
Conclusions. This review concludes that IT is an effective and time-efficient method for improving cardiorespiratory
endurance. It should be considered a viable option in both clinical and athletic populations. However, further
research is recommended to investigate the long-term safety of HIIT in high-risk populations and to enhance

adherence to these exercise protocols.

Keywords: interval training, cardiorespiratory endurance, high-intensity interval training, systematic review,

VO,max, cardiovascular health.

Introduction

The rise in the prevalence of cardiovascular disease
has become a significant global concern in the modern era,
affecting millions of individuals and placing a considerable
burden on health systems (Manne-Goehler et al., 2022; Sun
et al., 2023; Zhang et al., 2023). Cardiorespiratory health
has become a significant focus on preventing and managing
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chronic diseases (Temporelli, 2018). One effective way to
overcome this problem is by increasing cardiorespiratory
endurance, a key indicator of heart and lung health (Benck
etal., 2017; Tesema et al., 2019).

Interval training, an exercise where high-intensity
intervals are interspersed with recuperation times, has
emerged as an effective and efficient method for increasing
cardiorespiratory capacity (Heber etal., 2023; Ma et al., 2023;
Wang & Zhao, 2023). Although various studies have explored
the benefits of interval training, the results often need to be
more consistent (Marillier et al., 2022; Tamayo Acosta et al.,
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2022). As a result, a systematic review is required to compile
the available data and present a thorough picture of how
well interval training works to increase cardiorespiratory
endurance (Men et al., 2023; Yue et al., 2022). This research
is crucial because, despite the abundance of empirical
evidence demonstrating the advantages of interval training
in enhancing physical fitness, there is still a requirement for a
more profound comprehension of the biological mechanisms
that underlie this procedure and how it can be customized to
suit various professional athlete populations. The objective is
to evaluate and synthesize the findings from existing studies
and identify the practical implications and potential benefits
of interval training in the context of cardiorespiratory
health (Wang & Zhao, 2023). Using a rigorous systematic
review methodology, we hope to significantly contribute
to the existing literature and assist healthcare practitioners
in designing exercise programs and offering more effective
prevention strategies against cardiovascular disease (da Silva
et al., 2022; Khalafi et al., 2023; Palozzi & Antonucci, 2022).

The state of the art in this research shows that most
previous research has focused on the general effects of
interval training on VO,max and physical performance.
However, this study offers a more holistic approach by
comprehensively exploring cardiovascular adaptations,
energy metabolism, and muscle recovery responses
(Sanchez-Otero et al., 2022). In addition, this study’s novelty
lies in using the latest monitoring technologies, such as real-
time respiratory gas analysis and high-variability heart rate
monitoring, to obtain more accurate and in-depth data.
This study differs from others in that it focuses on particular
adaptations in various demographic groupings. This study
looked at the general effects of interval training and how the
body’s response differs between healthy individuals, patients
with certain health conditions, and professional athletes.
Thus, this research provides more prosperous and practical
insight into how interval training can be optimized according
to individual needs (Metcalfe et al., 2020). This study’s
findings are intended to significantly advance fitness science
and practice and offer effective prevention strategies against
cardiovascular disease. The urgency of this problem cannot
be ignored, considering the high mortality and morbidity
rates caused by cardiovascular disease (Amini et al., 2021;
Temporelli, 2018). Increasing cardiorespiratory endurance
through efficient and measurable training methods such as
interval learning can be a much-needed solution to reduce
the burden of this disease in society (Blackwell et al., 2018;
Reuter et al., 2023).

This study was designed to comprehensively evaluate
the biological mechanisms that underlie the adaptation
of the cardiorespiratory system’s endurance in various
demographics through interval learning. If the anticipated
results are realized, this research may provide more effective
and safe guidance in designing exercise programs.

Materials and Methods

Study Design

This study conducted a thorough analysis using article
databases like Science Direct and PubMed.

Eligibility criteria. Articles describing interval learning
and cardiorespiratory conditions published during the last

five years met the inclusion criteria for this study. Articles
published in shady journals were excluded from our analysis.

Procedure. Article titles, abstracts, and complete
texts were vetted, validated, and entered into Mendeley
software. Eight hundred ninety-three publications from the
Science Direct and Pubmed databases were found in the
first phase. The suitability of the title and abstract was the
basis for screening 98 articles in the second round. Thirty-
four products were ordered for additional processing in
the third stage. At this point, we screen articles based on
their general suitability. Eight publications that satisfied the
inclusion criteria were then chosen for analysis in the final
step to support this systematic observation. Implementing
the Prefered Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) framework, this study assesses
traditional methods.

| Identification of studies via databases and registered |

Number of article
identified in databases
Pubmed (n=893)

Articles excluded based on
title/abstract (n=795)

Number of title/abstract
selected (n=98)

A

Articles excluded based on full
text reading (n=26)

Number of full articles
selected (n=34)

Finally number of full
articles selected (n=8)

| Included || Eligibility | | Screaning || Identification |

Fig. 1. PRISMA flowchart of the article selection process

Results

Based on the data from the eight tables above, each
has similarities and differences. The similarities lie in
the research design, where all studies presented used
experimental designs. This indicates that the study aimed
to determine how different interventions would affect the
intended results, cardiorespiratory fitness, or CRE. The eight
tables likewise center on interval training (HIT, HIIT, and
REHIT). All of the research investigates how various interval
training modalities, such as High-Intensity Interval Training
(HIT), Reduced-Exertion High-Intensity Interval Training
(REHIT), or other variations, affect the development of
cardiorespiratory fitness. All studies measured outcomes in
the form of improvements in cardiorespiratory fitness; each
study had a different duration of intervention, but all applied
interval training in several sessions or weeks to measure the
effects on cardiorespiratory fitness.

The differences lie in sample characteristics, interven-
tions, outcomes, and study populations. Some studies in-
volved physically inactive participants, while others involved
more active participants. Although all used a form of in-
terval training, there was variation in its implementation,
such as intensity, session duration, number of sessions, and
supervision of the exercise. There were also differences in
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Table 1. Result of a review of the effects of interval learning in increasing cardiorespiratory endurance

Author Sample Characteristics Study Design Intervention Result
Jung et al,, Eligible participants were Experimental Participants in both conditions The results of this research
2020 between the ages of 30 and 65, completed 10 exercise sessions over  show that these findings

Scoubeau et
al., 2023

Astorino et
al., 2020

Abouzeid et
al., 2023

were low-active (i.e., engaged

in 2 or fewer bouts of moderate
and/or vigorous aerobic exercise
per week in the previous six
months), had a body mass index
(B.M.1.) be-tween 25 and 40 kg/
m2, and were cleared to engage
in vigorous exercise using the
Physical Activity Readiness
Questionnaire-Plus (PAR-Q+).

To be included, subjects had
to be aged between 18 and

50 years, and to be below the
World Health Organization’s
recommendations regarding
physical activity participation.

Experimental

Eighty five healthy adults
participated in the present
study. They were free of lower
extremity injuries and had
not previously participated in
REHIT.

Experimental

Forty-four male athletes were

recruited voluntarily from the
King Faisal University campus
in Al-Ahsa, Saudi Arabia.

Experimental

a two week period, seven of which
were one on one supervised sessions
conducted in the laboratory (exercise
training plus counselling), while
three were conducted at home to
foster independence.

During the first session, participants
under-went body composition
assessment and a maximal
cardiopulmo nary exercise test to
assess cardiorespiratory fitness.
Neuromuscular assessment

was performed during two

separate sessions to avoid fatigue
accumulation. Firstly, knee extensors’
maximal isometric torque, voluntary
activation, and endurance time
during a submaximal isometric
contraction were assessed. Then,
during the last session, lower limb
dynamic strength was evaluated by
measuring the 3-repetition maximum
(3-RM) on a leg press.

Participants completed two visits

to the laboratory, which consisted

of incremental exercise to assess
VO,max, followed by completion of a
REHIT session at least 48 hours later.
Participants were instructed to eat a
small meal two h before each session
and be well-rested and hydrated.
They refrained from physical activity
for 36 hours before each session.

The experimental group was asked
to ride on the mechanically braked
cycle ergometers for 10 min at a
pace of their own choosing. In the
first practice session, the control
group was also asked to ride the
cycle ergometers for a 10 min period
at a pace of their own choosing.

In the second practice session, both
groups were asked to complete five
rounds of 30 s of cycling at peak PO,
interspaced by 90 s of active recovery
between intervals. ETMs were worn
by the experimental group in these
practice sessions, while the control
group did not wear ETMs.

suggest a brief behavior
change counseling
intervention, coupled
with either HIIT or MICT,
promotes improvements
in CRE, exercise, and
body composition over

12 months in free-living
conditions.

Changes in voluntary
activation and MVC torque
were correlated, suggesting
that strength improvement
after WB-HIIT was mainly
related to an increased
volitional drive.

The results of this

research show that despite
significant differences in
VO,max between groups,
there was no aggregate
difference in changes in
affective valence, RPE, and
enjoyment in response to a
session of REHIT, although
affective valence was
typically lower in persons
with below-average fitness.

There were significant
differences between the
pulmonary function,
hematological data,

and biomarkers of
cardiorespiratory fitness

of the experimental group
and the control group after
the 8-week cycle ergometer
HIIT program, in favor of
the experimental group.
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Table 1 (continued)

Author Sample Characteristics Study Design Intervention Result
Astorino et Three men and eleven women Experimental = Sessions were held three days/week The results of this research
al,, 2019 (age and VO,max = 27 + 8 years for three weeks and were performed  show that training HR
and 38 + 4 mL/kg/min, on the same cycle ergometer. Subjects was associated with the
respectively) who perform performed eight 1 min intervals on VO,max response to
>150 min/week of exercise in days 1-3 of training, nine on days HIIT, yet dietary intake,
the last 12 months, including 4-6, and ten on days 7-9. Sessions sleep duration, and BLa
resistance training, aerobic were preceded by a 5 min warm- accumulation were not
exercise, noncompetitive sport, up at 10% PPO, and intervals were predictive of this response.
and group exercise, participated separated by a 75 s active recovery at  Overall, these preliminary
in this study. 10% PPO. data suggest that the
absolute cardiovascular
strain may be a mediator
of the adaptive response to
interval training.
Cuddyetal, A cohort (n=32) of men Experimental Participants subsequently performed = The main finding of the
2019 (n =16) and women (n = 16) two REHIT testing sessions (i.e., present study is that 8 wks
were recruited from the faculty/ the intense ride) on separate days. of REHIT was safe and
employee population of a At the first testing session, after being  elicited more potent, time-
local university and hospital connected to the Oxycon Mobile efficient improvements in
via advertisement through system and Polar F1 heart rate CRF and cardiometabolic
the university website, local monitor, participants rested quietly health when compared to
community newspaper, and for 5 min in a seated position. The last traditional MICT.
through word-of-mouth. minute of breath-by-breath and heart
rate (HR) data were averaged and
considered to be the resting metabolic
rate (VO,) and resting HR
Hurst etal,,  Thirty-six adults (50-81 years; Experimental HIT intervention Participants This study reports
2019 21 male) were assigned via allocated to HIT completed two that demonstrated that
minimisation to either HIT instructor-led, combined upper- and  12-weeks of combined
(n = 18) or a no-exercise lower-body HIT sessions per week upper- and lower-body
control group (CON, n = 18) for 12-weeks (April-August 2016), HIT is an effective method
following baseline assessment performed in groups of two to five for inducing clinically
of leg extensor muscle participants with 72 h recovery meaningful improvements
power, handgrip strength, between sessions. in aspects of muscular and
cardiorespiratory fitness cardiorespiratory fitness in
(predicted VO,max) and health- adults aged over 50 years.
related quality of life (HRQoL).
Simonsson  Participants were recruited Experimental For each wave of participants, The present study shows
etal,,2023  through alocal newspaper the study procedure started with that supramaximal HIT

advertisement. Eligible
participants were nonexercising
adults aged 65 years or older
with the ability to undertake a
twice-weekly training program
for 3 months.

baseline assessments, followed by
randomization, a 3-month-long
exercise intervention (supramaximal
HIT or MIT), and subsequent follow-
up assessments (3-month follow-up).
Detailed

with controlled target
intensity is a viable
exercise program to
improve cardiorespiratory
fitness and cardiovascular
function to a similar extent
as MIT, in nonexercising
older adults.

the intervention’s delivery method, such as using a REHIT
or isometric cycle ergometer. Some studies showed signifi-
cant improvements in cardiorespiratory fitness, while others
found no improvement.

Each table study examined how interval training
affected cardiorespiratory fitness; however, differences were
observed in the sample characteristics, intervention design,
and assessed outcomes. Although they share similarities in
methodological approach and focus on cardiorespiratory
fitness, significant differences in study design and sample

populations reflect these studies’ diverse approaches and
outcomes.

Discussion

Interpretation of Results

The systematic review results indicate that interval
training (IT) consistently improves cardiorespiratory
endurance across various populations, including sedentary
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adults, athletes, and older adults. The research emphasizes
that when it comes to improving VO,max and other
cardiorespiratory markers, moderate-intensity continuous
training (MICT) is inferior to high-intensity interval
training (HIIT). Notably, IT was shown to be particularly
effective in populations with lower initial fitness levels, where
the magnitude of improvement was more pronounced.
A routine that consists of high-intensity exercise followed
by relaxation or less intense exercise, which can help the
cardiovascular system better use and transport oxygen, may
lead to this increase. These results support that interval
training can lead to greater physical adaptations than
continuous moderate-intensity training. This is part of the
practice theory. This finding is also supported by (Jatmiko et
al., 2024), who found that vigorous interval training (HIIT)
improved aerobic ability better than continuous moderate
exercise. However, studies such as (Soares et al., 2021) show
that high intensity can increase the risk of injury in people
not used to this type of exercise.

Impact on Theory and Practice

The findings of this study make essential contributions
to fitness theory and practice. These theoretical results
support the idea that HIIT can produce more incredible
cardiovascular changes. This is in line with research by Ma
et al. (2023), which found that interval training increased
VO,max better than moderate-intensity training. These
results imply that interval training is a quick and efficient way
to improve cardiovascular fitness. As suggested by (Baker et
al,, 2020) in the ACSM fitness guidelines, it is essential to
consider individual aspects, such as a person’s initial fitness
level and risk of injury, when implementing a HIIT program.

Social and Ethical Implications

The findings of this study make essential contributions
to fitness theory and practice. These theoretical results sup-
port the idea that HIIT can produce more incredible cardio-
vascular changes. This is in line with research by Ma et al.
(2023), which found that interval training increased VO,max
better than moderate-intensity training. These results imply
that interval training is a quick and efficient way to improve
cardiovascular fitness. As suggested by Baker et al. (2020) in
the ACSM fitness guidelines, it is essential to consider indi-
vidual aspects, such as a person’s initial fitness level and risk
of injury, when implementing a HIIT program.

Suggestions for Future Researchers

Further research should consider several elements to
support these findings. Studies with more extensive and
diverse populations will be conducted to generalize the
results. Long-term research evaluating the impact of interval
training over a more extended period is also essential.
Additionally, closer monitoring of adherence to exercise
protocols would provide more accurate information about
how practical interval training is. Further research could
also investigate the physiological mechanisms underlying
the increases in cardiorespiratory endurance produced by
high-interval training (HIIT) and how it compares to other
training techniques.

Research Limitations

This study has several limitations that need to be
noted. First, the external validity of these findings may be
affected by the relatively small sample size; studies with
larger samples are required to confirm these results. Second,
interval training on cardiorespiratory endurance could not
be evaluated in the long term due to the short duration of
the study. Differences in participants’ adherence to exercise
protocols may also impact results. The inability to view each
training session live may result in variations in the intensity
and volume of training performed by the individuals
participating.

Population-Specific Adaptations

Sedentary Adults: In studies such as those by Jung et al.
(2020), HIIT interventions significantly improved VO,max
and other markers of cardiovascular health, suggesting
that short-term, high-intensity exercise is effective even in
populations with low baseline physical activity levels.

Athletes: Research by Abouzeid et al. (2023) demon-
strated significant enhancements in pulmonary function
and hematological variables after an 8-week HIIT program,
emphasizing the benefits of IT for already physically active
individuals in further optimizing their cardiorespiratory
fitness.

Older Adults: Studies like those conducted by Yang
et al. (2023) show that HIIT can be safely implemented in
older populations, resulting in substantial improvements in
VO,max and cardiovascular function comparable to those
achieved through MICT.

Impact of Exercise Modality and Duration

The analysis found that the effectiveness of IT is
influenced by the specific protocol employed, with variations
in work-to-restratios, session frequency, and overall duration
affecting the magnitude of cardiorespiratory improvements.
For instance, Songsorn et al. (2023) reported that reduced-
exertion high-intensity interval training (REHIT) is
particularly time-efficient while yielding significant health
benefits.

Biological Mechanisms

Across the studies, it was observed that IT enhances
cardiovascular efficiency by improving oxygen utilization
and delivery. The data suggest that repeated exposure to
high-intensity stimuli prompts more excellent cardiovascular
adaptations than continuous moderate exercise, as evidenced
by significant VO,max and cardiac output increases.

Safety and Adherence

While HIIT is effective, it also risks injury if not correctly
administered, particularly in untrained individuals.
However, when adherence to exercise protocols was closely
monitored, as in the study by Astorino et al. (2019), the risk
was minimized, and participants safely achieved substantial
cardiorespiratory gains.
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Comparison with Traditional Training Methods

The findings consistently support the superiority of
HIIT over MICT in improving cardiorespiratory fitness.
This aligns with the growing literature that endorses IT as a
more efficient and effective training modality for clinical and
athletic population.

Conclusions

According to this research, interval training can
significantly improve cardiorespiratory endurance. These
resultssupportthe theorythat continuous moderate-intensity
exercise cannot optimize cardiovascular and metabolic
adaptations like high-intensity exercise alternating with
rest periods. These results support the idea that HIIT is an
excellent technique for improving cardiovascular endurance
and aerobic capacity. In other words, these findings offer
an effective alternative for those who want to improve their
cardiovascular condition in a shorter time. However, it is
essential to consider each person’s differences when creating
this exercise program, especially regarding the risk of injury
for those not used to high-intensity training.
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IcTopis muTanHA. 3pOCTaHHS KiIBKOCTI CeplieBO-CyAMHHNX 3aXBOPIOBAHb 3yMOBIIO HEOOXIIHICTb BIPOBA/PKeHHs edek-
TUBHUX iHTEPBEHIIil1, CHPAMOBAHUX Ha Ii[BUIIEHHA PiBHA KapAiOpeCIipaTOPHOI BUTPUBAIOCTI.

Mera gocmigKkeHHA. MeTa IIbOTO CUCTEMaTUYHOTO OITIAAY MO/ATaNa B OLIHIN e(eKTUBHOCTI iHTepBalbHOTO TPEHYBaHHA
(IT), 30xkpema BMCOKOIHTEHCUBHOTO iHTepBanbHOro TpenysanHs (BIIT), mopo nifsuineHHs piBH:A KapfiopecnipaTopHOI BUTPHU-
B/IOCTI B pisHUX leMorpadivnmx rpymax. IT, mo xapakTepusyloTbcs BUCOKOIHTEHCUBHIIMY BIIPaBaMI 3 TIOAA/IbIINMI IepiofgaMu
BiJTHOBJIEHHA, IPMBEPTAIOTb YBary 3aBAAKI CBOEMY ITOTeHIlia/ly IOKpaIlyBaTy KII0YOBi IOKa3HMKY CeplieBO-CYIMHHOI CUCTEMN,
AK-OT MAaKCUMAJIbHUI 06’€M crokxuBaHHA KrcHIo (VO,max) Ta IpogyKTUBHICTD CepLieBO-CYAMHHOI CUCTEMN.

Marepianmu Ta MeTopu. IIpoBefieHO KOMIIIEKCHMIL /TiTepPATyPHUI IOLIYK 3 BUKOPUCTAHHIM JIeKiIbKOX 0a3 JaHNX 3TiffHO 3 pe-
koMmeHpanismMu PRISMA. I3 893 momnepeHbo BifiOpaHuX cTaTelt 0y/I0 BIM3HAYEeHO BiCiM HOCT/KeHb, AKi BiAIIOBiTanu Kputepisam
BK/IIOYEHH:. Y BKa3aHMX HOCIiIKeHHsAX BuB4YaBcs BImB 1T, ocobmuso BIIT, Ha KappiopecnipaToOpHy BUTPMBAICTD Y pisHUX
rpynax HaceleHHs, BKIIIOYAI04M 0Cib, AKi BeAYyTb MaJIOPYX/IMBUIL CIIOCIO XKNUTTA, CHOPTCMEHIB 1 /T0fell moxmIoro Biky. B sikocri
OCHOBHMX BUMIpIOBaHMX IapaMeTpiB Oy Taki HOKa3HUKM, sIK VO,max i IpOAYKTUBHICTD CepLieBO-CY[MHHOI CUCTEMI.

Pesynpratu. OTpumani gaHi BkasyioTh Ha Te, mo IT, sokpema BIIT, cnpuamoTh NOCTiOBHOMY ITOKpaNleHHIO TOKA3HNKIB
VO,max Ta 3arajJbHOr0 CTaHy CeplLieBO-CYAMHHOI CUCTeMHU B Pi3HMX Ipylax HaceleHHs. Binsnadeno nepesary BIIT Hanm 6es-
HepepBHUM TpeHyBaHHAM nomipHoi inteHcusHoCcTi (BTIII) y dopmysanHi mBuamoi aganTarii cepreBo-CyqMHHOI CUCTEMI.
HesBakaloun Ha cBoi IlepeBary, BUcoKa iHTeHcuBHicTb I'T BuMarae perenbHoi iHAMBifyaisalii 3 MeTOIO 3HMKEHHS PUSUKY TPaB-
MYBaHHS, 0coOMMBO B Ipylax HaceJIeHHA 3 6i/IbIII HU3BKMM ITOYaTKOBIM piBHEM (’pismtn{o'i HiITOTOB/IEHOCTI.

BucHoBku. [IpencTaBiennii oriAf J03BOMNAE 3pOOUTY BUCHOBOK, 110 I'T € epekTMBHUM Ta paljioHa/TbHIM 32 9aCOM METOJIOM
MiABUIIEHHSA PiBHA Kap/iopecnipaTOpHOI BUTPUBAIOCTI. Voro crix pO3IIAaTY AK KUTTE3NATHUI BapiaHT fAK y KIiHIYHNX, TaK
i B cnopruBHuX nomyAniax. OZHAK peKOMEeHAYEThCs MPOBeIeHH: IOfabIINX NOCTIIKeHb 040 BYBYEHH:A JOBIOCTPOKOBOI
6esnexu BIIT y rpymax BICOKOTO PU3UKY Ta HOJIMIIEHH PiBHS JOTPUMaHHs BKa3aHUX IIPOTOKOTIIB TPEHYBaHb.

Knrouosi cnoBa: inTepBabHe TpeHYBaHH, KapAiopecnipaTopHa BUTPUBaliCTh, BUCOKOIHTEHCUBHE iHTEepBaIbHe TPEHYBaH-
HI, CHCTeMaTHYHUIT o1y, VO,max, 3H0poB’s CepLieBO-CyAMHHOI CHCTEMI.
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Abstract

Objectives. The study aimed to better understand physical performance by reviewing the literature on the role
that Pencak Silat plays in developing elite athletes. The traditional Indonesian martial art Pencak Silat provides

a comprehensive method encompassing mental, physical, and spiritual growth.

Materials and methods. The literature regarding Pencak Silat impact on the development of elite athletes was
analysed using a PRISMA filter. This study used a systematic evaluation of pertinent literature to determine
Pencak Silat impact on mental endurance, motor ability, and physical fitness. The preparation of Pencak Silat
athletes for competition through physical conditioning was addressed in articles published between 2019 and 2024.
Electronic searches were conducted through Web of Science, PubMed, and Scopus. Having reviewed the literature,
all the works that discuss the development of elite athletes in Pencak Silat were compiled.

Results. This study’s thorough literature review revealed that Pencak Silat contributes to enhancing the resilience,
agility, flexibility, and strength of athletes’ bodies. Furthermore, the Pencak Silat concept imparts the courage,

discipline, and strategic thinking abilities that are necessary to become exceptional athletes. The results of this study
also demonstrate Pencak Silat capacity to achieve a balance between mental and physical attributes, which is crucial
for overcoming obstacles in both domestic and international competition. It is anticipated that the study’s findings
will contribute to a better understanding of Pencak Silat as an all-encompassing and excellent instrument for athlete
development.

Conclusions. Pencak Silat is a method of self-development that helps athletes become exceptional in all spheres of

their lives — physically, psychologically, and spiritually. It is not just a martial art. Pencak Silat, which emphasizes
endurance, mental toughness, and strategy, is an effective instrument for attaining great performance in sports.

Keywords: systematic review, Pencak Silat, physical performance, superior athletes.

Introduction

A martial art called Pencak Silat can be used for self-
defence, competitive sports, character development, and
other purposes (Guntoro et al., 2023; Nurhidayah et al,,
2024; Rahayuni, Taufik, et al., 2023). This study’s primary
goal is to investigate how Pencak Silat develops elite athletes’
physical stamina, motor abilities, and mental toughness. The
PRISMA method (Preferred Reporting Items for Systematic
Reviews and Meta-Analyses) is a systematic methodology

© Nugroho, H., Gontara, S. Y., Angga, P. D., & Jariono, G., 2024.
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to efficiently and transparently filter and evaluate scientific
literature. It is used in this study to locate and analysed
relevant literature.

Atraditional martial artknown as Pencak Silat originated
in Indonesia and other Southeast Asian nations (Mardius
et al,, 2024; Setiadi et al., 2024). In addition to being a
philosophically rich cultural legacy, Pencak Silat has evolved
into a competitive sport with international recognition
(Karo-Karo et al., 2023; Khotimah et al., 2023). Pencak Silat,
one of the sports that can generate exceptional athletes, has
grown in popularity since participating in the Asian and
SEA Games (Thsan et al., 2022; Muzakki et al., 2023). Pencak
Silat emphasizes combat technical skills within the context
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of modern sports, along with requiring a high level of
physical fitness, motor skills, and mental toughness. Pencak
Silat competitors need to be strong, have quick reactions,
and be laser-focused. Additionally, Pencak Silat instils moral
values that indirectly support the growth of strong character
and integrity, such as self-control, discipline, and respect for
the values of opponents.

Few studies thoroughly outline the effects of Pencak
Silat on the development of exceptional athletes from many
physical, motor, and mental aspects, despite the fact that
several studies have been done to investigate the benefits
of Pencak Silat in enhancing athletes’ abilities. As a result, a
more thorough and organized method of examining the body
of current literature is required. To give a comprehensive
picture of how Pencak Silat shapes elite athletes, the PRISMA
approach is the ideal instrument for methodically sifting and
analysing pertinent evidence.

Using the PRISMA method, this study seeks to
demonstrate Pencak Silat’s capacity to develop elite athletes
(Haddaway et al., 2022). This study compiles and analyses the
studies on Pencak Silat’s impact on athletes’ physical fitness,
motor skills, and mental endurance. This study is anticipated
to significantly advance scientific knowledge on how
Pencak Silat may develop exceptional athletes for a variety
of tournaments, both domestically and internationally, by
employing the PRISMA approach.

Materials and Methods

Database and Search Profile

This systematic review includes electronic searches
on PubMed, Scopus, and the Web of Science. Terms like
“motor skills”, “mental resilience”, “physical fitness”, and
“Pencak Silat” are mixed in electronic searches. The search
approach’s four parts are divided. 450 papers about Pencak
Silat and sports were discovered overall using the PRISMA
Process during the first identification phase of electronic
searches carried out through PubMed, Scopus, and the Web
of Science. After removing duplicates, there may still be up
to 320 articles. These articles then undergo screening, which
is a second stage of filtering in which 170 of the 320 articles
are selected based on their abstract and title. After carefully
evaluating the methodology and research findings, only
120 articles are relevant to the topic; the remaining 65 meet
the eligibility criteria. During the fourth phase, known as
inclusion, the final review contained up to thirty articles
that met the notability requirements using the PEDro scale,
which is available online for free. These articles have been
translated into seven languages in Figure 1.

Out of 450 publications that adhered to the PRISMA
requirements, 30 articles were chosen in total during
the identification, screening, conformity, and inclusion
phases (Page et al., 2021). The flow chart (Figure 1) shows
this procedure. The bibliometric analysis considered
the following variables: the following five variables determine
the yearly trend of papers produced between 2019-2024:
The first author’s institution’s publication distribution,
the total number of authors, the type of research (different,
experimental, descriptive, or correlational), the average
number of citations per article, and the field of study (motor
skills, mental resilience, physical fitness, Pencak Silat, other,

Stage 1
IDENTIFICATION |—»| Electronic search via PubMed, Scopus, and
the Web of Science identified 450 articles

130 excluded by
title and abstract

Stage 2
SCREENING | —»| filtered titles and abstracts
identified 320 articles
200 excluded on
———

Stage 3
Read and analyse entire articles
identified 120 articles

ELIGIBILITY —>

90 issued based
on inclusion
criteria

Stage 4
relevant articles to analyse 30 articles

INCLUSION —»

Fig. 1. An illustration of the flow of the search process
or mixed) are all taken into consideration. Table 1 displays
the general inclusion and exclusion criteria.

Table 1. Superior athletes are formed by a Pencak Silat’s
inclusion and exclusion standards

Inclusion Criteria Exclusive Criteria

The 2019-2024 study, which
looked at how Pencak Silat
affected athletes’” physical
fitness, motor abilities, or
mental endurance, was

The study were studies that
did not address Pencak Silat or
that did not look at different
facets of athletes’ physical and
mental conditioning

published

Population Pencak Silat athletes

Intervention Core training lasting at least
four weeks

Comparison More than two groups

Results Performa condition athlete

elite

Design of research Physical fitness, motor skills,

or mental resilience

A thorough explanation of each inclusion criterion,
including population, comparison, study methodology,
intervention, and results, is given in Table 1. The study’s
primary objective was to ascertain how Pencak Silat enhances
athletes’ physical performance. If the literature satisfies the
following criteria, it will be incorporated into the study.

1. Population: Pencak Silat athletes with a range of
physical performance levels make up the test subjects.
Pencak Silat athletes’ range in physical performance
from novices to school levels, province levels,
and national levels. Their physical performance is
classified into three categories: physical fitness, motor
skills, and mental endurance.

2. Intervention: Studies have demonstrated that
athletes’ performance is not considerably enhanced
by training periods less than four weeks (Yulanda &
Jariono, 2023; Burhanuddin et al., 2023). Therefore,
the intervention entails conducting physical fitness,
motor skills, or mental endurance experiments for
longer than four weeks.

3. Comparison: A minimum of two groups were in-
volved, and as a baseline for comparison, the groups
for physical fitness, motor skills, and mental endur-
ance were compared with other training or with no
training (Usra et al., 2024; Wahyuni et al., 2024).
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4. Results: The primary focus of the results is the ath-
letes from Pencak Silat and their performance.
The study mainly focuses on elements of Pencak Silat
performance characteristics, such as mental endur-
ance, motor skills, and physical fitness. The following
is the definition of skill performance. Pencak Silat
athletes are categorized into numerous skill sets
based on their abilities, including physical, mental,
technical, and tactical talents. Performance indica-
tors of elite Pencak Silat athletes: (1) physical per-
formance: strength, speed, endurance, agility, flex-
ibility, and body composition (Gusciglio & Morin,
2023; Kudryavtsev et al., 2023; Lubis et al., 2022;
Teo et al., 2022); (2) mental performance: concen-
tration, motivation, confidence, emotional control,
and mental flexibility; (3) Technique performance:
movement quality, movement variation, coordina-
tion, strength of moves, and use of force (Carvalho
et al., 2023; Cid-Calfucura et al., 2023; Folhes et al.,
2023; Niewczas et al., 2023); and (4) tactical perfor-
mance: opponent analysis, decision-making, tactical
adjustment, use of distance, use of time (Anastasiou
et al., 2024; Martinez-Aranda et al.,, 2023; Rydzik et
al., 2024). However, some of the elements of Pencak
Silat’s physical performance include agility, flexibility,
stability, power, speed, coordination, strength, and
balance.

5. Research design: The randomized controlled trials
are examined in this review.

Methodological evaluation of quality

The quality of the papers under examination was assessed
using eleven PEDros (Physiotherapy Evidence Database) cri-
teria, and their methodological quality was also evaluated.
Excellent articles assist readers in overcoming obstacles like
time constraints and inadequate critical thinking abilities and
make it simpler for them to incorporate high-quality clinical
research into clinical practice. According to Moseley, articles
with a methodological quality score of eight to eleven are
deemed to have high quality, those with a score of four to
seven are considered average, and those with a score of four
or lower are not examined. Clinical practice guidelines and
systematic reviews are not evaluated (Moseley et al., 2020).

Results

Number of Results Reviewed

Electronic searches of PubMed, Scopus, and the Web
of Science are conducted using the PRISMA Process.
The figure below displays the total number of publications
for the chosen period as well as the publishing year. These
studies examine how Pencak Silat practices affect physical
fitness, mental toughness, and motor skills (Table 2).

Figure 2 illustrates how the quantity of publications
has changed across various time periods. First, from 2019
(17 articles), 2020 (32 articles), 2021 (61 articles), 2022
(85 articles), 2023 (100 articles), and 2024 (155 articles), there
has been a discernible increase in the amount of research
produced. The table above illustrates how biomechanical
analysis, which is applicable to Pencak Silat techniques, is

2500 40,00%
35,00%
2000
30,00%
5 1500 25,00%
H
§- 20,00%
>
= 1000 15,00%
10,00%
500
I 5,00%
N N N o
0 1 2 3 4 5 6 0,00%
mmm Year of publication 2019~ 2020 2021 2022 2023 2024
mm Number of articles 17 32 61 85 100 155

Percentage 3,78% 7,11% 13,56% 18,89% 22,22% 34,44%

Fig. 2. An increase in the annual number of publications

described in the literature. There are thirty studies in this
review. Both art trends and research pertaining to fighting
tactics are included. Physical performance, exercise
programs, motor skills, physical fitness, and mental stamina.

Exercise Significance Results

Regardless of gender, age, professional level, rookie or
expert athletes, or training style, the 30 research that were
selected and examined indicated a significant benefit of
Pencak Silat training on mental endurance, motor ability,
and physical fitness.

Table 2 demonstrates how 30 authors used a random
method to enhance the physical attributes of each sport,
as well as an overview of the sports examined to guarantee
the randomness of each research variable to contribute to
the study’s findings. The authors used experimental research
approaches, surveys, literature reviews, and related research.
The population’s characteristics were the main topic of
discussion in a literature review that examined thirty prior
research. The population is typically made up of people
of different ages, genders, and skill levels who are sports,
students, or those with certain medical concerns. Establishing
the demographic is crucial for maintaining consistency in
the results analysis and the research’s applicability to the
intended audience.

In terms of study design, the internal validity and
methodological quality of the intervention study are
frequently evaluated through the use of the PEDro scale,
a research quality assessment tool. This scale evaluates a
number of factors, including control, blinding of participants
and researchers, and randomization. The majority of the
thirty studies that were analysed used experimental and
quasi-experimental designs, and the range of PEDro scores
(5-10) was considered moderate to high. In the context of
the larger body of literature, a study with a high PEDro score
is thought to have a robust methodology, good control, and
little chance of bias, which increases the validity and reliability
of the findings. The features of the research examined in the
review and meta-analysis are outlined in Table 3.

Discussion

The study’s findings demonstrate that Pencak Silat
significantly affects athletes’ growth on both a physical and
mental level. Pencak Silat enhances a number of physical
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Table 2. Population, study design PEDro scale

Study

PEDro scale

9]

6

7

p—
(=)

o
o

Qualification
standards

At random

distribution

Disguise of
allocation

Baseline

comparability

Participants who are

blind

Assessor without

sight

Therapist for the

Blind

Goal to handle

analysis

Comparisons
between groups

Variability in point

measures

Total

Anastasiou et al. (2024)
Barley & Harms (2024)
Hausen et al. (2024)

Lubis et al. (2024)

Mulia et al. (2024)

Laurin (2024)
Noonan-holohan et al. (2024)
Sulfa et al. (2024)

Jariono et al. (2024)
Cid-Calfucura et al. (2023)
Mojtahedi et al. (2023)
Osipov et al. (2023)
Antonietto (2023)
Korobeynikov et al. (2023)
Francisco et al. (2023)
Baranauskas & Stukas (2022)
Delleli et al. (2022)
Fernando et al. (2022)
Mcclung et al. (2022)
Giirsoy & Canli (2021)
Fidan (2021)

Thomas et al. (2021)
Ouergui et al. (2021)
Chycki et al. (2021)
Ziemba et al. (2020)
Kostrzewa et al. (2020)
Lane et al. (2020)

Klys et al. (2020)

Russo & Ottoboni (2019)
Zubac et al. (2019)
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Note: has a thorough explanation for every item on the PEDro scale (https://pedro.org.au/wp-content/uploads/PEDro_scale.pdf)
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Tabel 3. Features of the research that were examined for the review and meta-analysis

Author, Year Variable Method index Sig.(p)
Anastasiou et al. (2024) Physiological, Psychological and Injury A Systematic Review Sig.
Risk Determinants
Barley & Harms (2024) Combat Sports and Their Connection to Various Approaches to Training, Losing, and  Sig.
Total Competitive Success Winning
Hausen et al. (2024) Qualities of Combat Performance and A maximal graded test exercise (visit 1), Sig.
Physical Capabilities resting metabolic rate, anthropometric
assessment, blood samples obtained prior
to, during, and following the conflict (see 2),
and a free combat simulation (3 x 3 min
R, I-minute rest) were all included in the
evaluation.
Lubis et al. (2024) Strength, power ratio, and kicking velocity =~ Impact of plyometric, functional, and Sig.
interval trainings lasting six weeks
Mulia et al. (2024) Bone mass, muscle mass, and body fat Correlation Analysis Sig.
percentage
Laurin (2024) Anaerobic Performance and Competitive ~ quantitative in character and employs a Sig.
Experience descriptive-correlational methodology based
on a quasi-experimental observational design
Noonan-holohan et al. (2024) The psychological factors that influence A narrative review Sig.
weight-making in sports with weight
categories
Sulfa et al. (2024) Pencak Silat model for teaching response  Study Experimental Sig.
speed
Jariono et al. (2024) Training Techniques for Physical Activity ~ A Systematic Review Sig.
and Physical Condition
Cid-Calfucura et al. (2023) Strength Training for Enhancing Physical =~ A Systematic Review Sig.
Fitness
Mojtahedi et al. (2023) The Value of Mental Hardiness Examine Combat Sport Competition Anxiety Sig.
Osipov et al. (2023) Athletic Capabilities Intervention with Functional Training Sig.
Antonietto (2023) Technical-tactical strategies that resultin ~ Study Comparted Sig.
victory
Korobeynikov et al. (2023) Specialized working capacity and cognitive ~ Study descriptive Sig.
functions
Francisco et al. (2023) Relationships, roles, and violent behaviour  This research uses a combination of Sig.
methodologies
Baranauskas & Stukas (2022)  Loss of Weight and Body Composition This cross-sectional, non-experimental study  Sig.
Delleli et al. (2022) Physical Performance, Combat Sports: A Comprehensive Examination and Meta- Sig.
Technical-Tactical Skills, Perceived Analysis
Exertion, Physiological Responses, and
Physical Performance
Fernando et al. (2022) Strength Training-Related Hypertrophy A New Method for Interpreting the Results  Sig.
Response to Range of Motion
Mcclung et al. (2022) Characterization, both physiological and Human Institutional Review Board, Medical ~ Sig.
physical Research and Development Command (Fort
Detrick, MD)
Giirsoy & Canli (2021) performance traits unique to motor This research uses a combination of Sig.
competences, athletic talents, and methodologies
anthropometric traits
Fidan (2021) Performance of the Upper Extremities The creation of a training and assessment Sig.

system through research
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Table 3 (continued)

Author, Year Variable Method index Sig.(p)

Thomas et al. (2021) The Relationship Between Female Combat  Study correlation Sig.
Sport Athlete Triad and Weight Loss

Ouergui et al. (2021) Physical Fitness Study descriptive Sig.

Chycki et al. (2021) Improves anaerobic and cognitive Study Experimental Sig.
performance

Ziemba et al. (2020) Hormonal Profile a Combat Sports Study descriptive Sig.
Performance

Kostrzewa et al. (2020) Predictors of Sports Performance Multidimensional Regression Models Sig.

Lane et al. (2020) Determinants of success by decision, Perceived and actual fighting ability Sig.
knockout or submission

Klys et al. (2020) Performance and technical-tactical Optimization of predictors Sig.
variables

Russo & Ottoboni (2019) The perceptual — Cognitive skills A systematic review Sig.

Zubac et al. (2019) Fluid balance and hydration status A meta-analysis and systematic review of Sig.

both controlled and uncontrolled studies

fitness components that are critical for athletic success.
Pencak Silat benefits athletes psychologically by fostering
the mental toughness and self-control necessary for success
in competition. Pencak Silat is more than simply a sport; it’s a
tool for personal growth as well, as it fosters the development
of strong character.

The results of a PRISMA method-assisted literature
study show that Pencak Silat significantly influences the de-
velopment of motor skills, mental toughness, and physical
fitness, shaping athletes into elite performers. Every aspect
examined in the literature demonstrates that Pencak Silat is
a sophisticated and all-encompassing sport that emphasizes
both ideal physical and mental development as well as tech-
nical fighting skills. The discussion of significant elements
uncovered by the literature review is provided below.

Pencak Silat’s Impact on Physical Fitness

Almost every muscle in the body must be used during
intense Pencak Silat training, which also involves several
physiological systems such the cardiovascular system,
skeletal muscles, and flexibility (Nurhidayah et al., 2024).
Pencak Silat can enhance physical fitness elements like
strength, endurance, flexibility, and body coordination,
according to the research that was examined (Brechney et
al., 2022). Kicks, punches, and other movements in Pencak
Silat entail both static and dynamic muscle contractions,
which eventually result in an increase in muscle strength
(Purnamasari et al., 2022).

Furthermore, studies indicate that Pencak Silat exercises
can improve both anaerobic and aerobic ability. Regular
Pencak Silat training for eight to twelve weeks has been
shown in several studies to raise VO,max, a crucial measure
of cardiovascular fitness. Ensuring athletes to endure
extended matches without developing notable physical
degeneration is crucial.

Pencak Silat exercise promotes better fitness psycho-
logically by fostering traits like discipline, self-control, and
self-confidence in addition to its physical benefits (Zulfa &
Hanief, 2022). These elements have the potential to motivate
people to continue exercising, which will help them become
more physically fit overall..

Development of Motor Skills

Pencak Silat emphasizes not only physical conditioning
but also the development of strong motor abilities. Stable
balance and good upper-lower limb coordination are
necessary for Pencak Silat manoeuvres. Pencak Silat
exercises improve both fine and gross motor skills, which
enhances an athlete’s capacity to react to external cues during
competition, according to a review of the literature.

Hand-eye coordination, balance, and accuracy in both
attacking and defending are among the motor abilities that
have improved (Burhanuddin et al., 2023). According to
the study, after participating in a lengthy training program,
Pencak Silat athletes had a considerable improvement in
their coordination and response time (Rahayuni, Maulidiya,
et al., 2023). This aids them in handling fast-paced match
scenarios that call for quick decisions.

Pencak Silat’s Improvement of Specific Motor Skills.
Elite Pencak Silat athletes need to possess precise, quick,
and potent offensive abilities (Hariono et al., 2024). Exercise
regimens like Shadow Fighting or repetitive punch and kick
exercises (repetition techniques) might enhance the capacity
to execute movements (Mardius et al., 2024). Skills related
to defence: quick reflexes and coordination are necessary for
defensive manoeuvres such avoiding, parrying, and blocking
(Nugroho et al., 2021). The study’s findings can be used to
explain how athletes can improve their ability to react to
opponent strikes by engaging in reaction training using
a variety of tactile and visual stimuli.

1020



Nugroho, H., Gontara, S.Y., Angga, P. D., & Jariono, G. (2024). Pencak Silat as a Comprehensive Method of Mental, Physical,
and Spiritual Growth: A Systematic Review

Mental Stability and Self-Restraint

The development of the mind is given equal weight
with the physical side of Pencak Silat. Pencak Silat demands
intense discipline, emotional restraint, and focused attention.
In comparison to players from other sports, the study’s
findings indicate that Pencak Silat competitors are more
mentally capable of handling psychological pressure.

Because athletes need to be able to handle pressure
from their surroundings and handle stress, tension, and
anxiety, mental resilience is crucial in the competitive
setting (Rustiyanti et al., 2023). Athletes who practice
Pencak Silat learn emotional self-control, which helps them
remain composed under pressure and make wise choices
throughout a game (Sulfa et al., 2023). Pencak Silat athletes
are more psychologically resilient due to their high mental
resilience, which helps them overcome a variety of obstacles
during their sports careers.

The Significance of Mental Hardiness in Handling Pres-
sure During a Match. The capacity of athletes to maintain
focus, self-assurance, and excitement in the face of adversity
is known as mental toughness or resilience (Kilig, 2021). Ac-
cording to (Low et al., 2023), athletes with high mental resil-
ience are typically better equipped to handle pressure from
rivals, officials, spectators, and shifting competition condi-
tions. Verdolini et al., (2021), reported that the study yielded
specific findings regarding the ways in which sportsmen
dealt with stress, anxiety, and outside pressure during games.
These strategies could be assessed using in-depth interviews
or mental resilience assessment tools. Elite athletes employ
effective mental strategies for the development of mental re-
silience, such as positive self-talk, visualization, meditation,
or relaxation techniques (Ungar & Theron, 2019). According
to Verdolini et al., (2021) According to.

With this talk, the research can offer a thorough
understanding of the significance of mental toughness and
self-control development for elite Pencak Silat athletes,
as well as suggestions for the use of more efficient mental
development techniques in athlete coaching programs.

The development of athletes’ morality and character

Pencak Silat emphasizes significant spiritual and moral
qualities, such as discipline, humility, courtesy, and respect, in
addition to physical and mental aspects. The Pencak Silat ide-
ology, which teaches athletes to respect opponents and main-
tain integrity in competition, is a reflection of these ideals.
Knowledge on the development of character via Pencak Silat
demonstrates how athletes acquire strong discipline, dedica-
tion to training, and morality in handling wins and losses.

Athletes’ personalities are shaped by the moral
principles found in Pencak Silat, making them not only
more gifted intellectually and physically but also more
responsible and sportsmanlike (Schiff, 2022). According to
a survey of the literature, Pencak Silat helps develop athletes
who are more moral, disciplined, and capable of managing
their emotions under pressure. To guarantee that athletes
can serve as positive role models for other athletes, fans,
and society at large, character development and ethics are
crucial. Character development programs, which emphasize
the practice of discipline, honesty, and accountability, have
a significant part in moulding athletes with high integrity,

according to Petrdczi’s research on the subject (Petrdczi
et al., 2022). Strong-character athletes typically exhibit
sportsmanship, integrity during competition, and respect
for officials, coaches, and other teams (Loyens et al., 2022).

Integrating Moral Principles into the Training Process:
Research (Zhang et al., 2023), demonstrates how moral prin-
ciples including justice, empathy, and honesty are included
into athletes’ routine training (Jariono et al., 2024). The Value
of Character Development via a Holistic Approach: Athletes’
character development must be approached from a holistic
perspective, taking into account their mental, emotional,
and physical well-being (Rusilowati & Wahyudi, 2020). Re-
flection sessions, moral values conversations, and regular
assessments of attitudes and behaviours are all common
components of an effective character development program
(Karimah et al., 2021).

Conclusions

According to a thorough literature analysis, numerous
training plans have been developed to enhance the physical
attributes of Pencak Silat players, such as balance, strength,
muscle power, speed and acceleration, flexibility, agility, and
explosive power.
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NMeHuak Cinat AK KOMMJIEKCHUN MeTOo4, MeHTaNIbHOro,
$isnyHOro ta AyxoBHOro spocraHHsa: CuctemaTuyHuUm ornag,

Xapic Hyrpoxo'*®“P, Carpis IOxi Iontapa'®cP, IIpaitori [IBina Anrra?*"%, Iaror [IxapioHo**P®

'VHiBepcuTeT oaMHAAUATOrO 6epesHs

*MarapaMcbKuil yHiBepcuTeT

*YuiBepcurer Myxammazgia B Cypakapri

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

Pegepar. Crarrsa: 11 ¢, 3 Tabm., 2 puc., 73 mxepena.

Merta gocmimkeHHs. MeTa JOC/II/PKeHHs IO/IATaIA B IOJINIIEHH] PO3yMiHHs (Qi3MYHOI IPOJYKTUBHOCTI LIIIXOM OIJIAY JIi-
TepaTypi IOA0 poi, AKy Binirpae Ilenuax Cinat y KOHTEKCTi pO3BUTKY eiTHMX ciopTcMeHiB. TpapuuiiiHe iHgoHesiiicbKe 6oiioBe
mucTenTBO ITernyak CiaT MiCTUTDh KOMIUIEKCHUIT METO, IO OXOIUIIOE MEHTa/IbHe, (i3iYHe Ta JYXOBHE 3pOCTAHHA.

Marepianu Ta MeTomu. AHaIi3 MiTepaTypHUX JKepen oo BrmBy [lenuak CinaT Ha pO3BUTOK eIiTHUX CHOPTCMEHIB IIPOBO-
IuBCs 3a fornomororo Metopuku ¢inbrpysants PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) —
IIepeBaXHi eJIeMeHTH 3BiTYBaHHA [/ CUCTeMAaTUYHMX OIJIAMIB i MeTaaHali3iB. Y 1IbOMY JOCTiPKeHHI BUKOPUCTOBYBaIacs CUC-
TeMaTUYHa OL[iHKa pe/IeBaHTHOI JIiTepaTypy 3 MeTOI BM3HaueHHs BIIMBY Ilenuyax Cimar Ha piBeHb MeHTa/lbHOI BUTPUBAIOCTI,
pyxoBux 3ai0HOCTeN i Bi3nuHOI MArOTOBIEHOCTL. Y CTAaTTsAX, Omy6mikoBaHux Mix 2019 i 2024 pokaMu, pO3I/IARAMICS TUTAHHSA
nigroroBku crnoprcMmeHis 3 Ilenvak Cinar 1o 3MaraHb 3a JOIOMOroI0 (i3N9HOI MArOTOBKM. EJIeKTPOHHUIT MOIMIYK ITPOBOAUBCS
LIJIAXOM BMKOPMCTAHHA TaKMX HAYKOMETPUYIHMX 6a3 annx: Web of Science, PubMed ta Scopus. IIposiBum ananis niTeparypu,
CKJIafIeHO TepesiK ycix pobiT, B AKMX 0OrOBOPIOBA/INCS aCIeKTU PO3BUTKY eTiTHUX copTcMeHiB 3 [Tenyak Cinar.

Pesynpratu. IpyHTOBHUIT OIVISJ JTiTepaTypy MOKa3as, 1o Ilenvyak Cimar crpuse MiABUINEHHIO TOKA3HNUKIB BUTPUBATIOCTI,
CIIPUTHOCTI, THYYKOCTi Ta CUJIOBUX AKOCTel OpraHisMy cnoprcMenis. Kpim Toro, konnennis [lenyak Cinar po3BuBae CMinmBicTb,
AMCLUIVIIHY T 3416HOCTI 10 CTPaTeriYHOro MUCTIEHHS, SIKi € HeOOXITHMMY YMHHMKAMMY [/ CTAHOB/IEHHSI YCIIIIHNX CIIOPTCMEHIB.
PesynbraTit 11boro HOCI/KEHH TaKOXK AeMOHCTPYIOTh 3faTHicTb [lenyak CinaT gocsaratu 6anchy MK pO3yMOBMMM Ta (bi?,mq—
HUMU AKOCTAMM, 1110 Ma€ KII0Y0B€ 3HAYEHHA [JI4 [IOJO0/MaHHA TPYJHOLIB AK Ha BHYTPilIHIX, TaK i Ha MDKHapOJHMX 3MaraHHAX.
ITepen6adaerhcs, 110 pe3yabTaTH SOCIIPKEHHA CIPUATUMYTb KpallloMy po3yMiHHIo IleHuak Cinar sk KOMIUIEKCHOTO Ta BiMiH-
HOTO iHCTPYMEHTY PO3BUTKY CIIOPTCMEHIB.

BucnoBknu. Ilenuak Cinatr € MeTOOM CaMOPO3BMUTKY, AKMII JOIIOMAra€ CHOPTCMEHAM JOCATTY BUHATKOBUX pe3y/IbTaTiB
y BCix cepax »UTTA: Gi3MUHIN, ICUXOJIOTIUHII Ta [JYXOBHIl. A/Ke 3a3Ha4eHUIT BIJ, CIIOPTY € He Juiie 60IOBUM MMCTELTBOM.
[Tenyak Cinart, B IKOMY aKL[eHT pOOMTBCS Ha BUTPUBAIOCTI, MEHTa/IbHIl CTINIKOCTI Ta cTparterii, € eeKTMBHUM iHCTpyMEeHTOM
JOCATHEHHSA BYCOKMX PE3yIbTaTiB y CIIOPTi.

Kirouosi croBa: cucremarnynuit orysi, [lendak Cinat, GpisuuHa IpORyKTUBHICTD, CHOPTCMEHN BICOKOI KBaTidikariii.
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IHCTpYKLUIii ANA peLeH3eHTIB

Leit >xypHan € penensoanuM. OpuriHanbHi HayKoBi
CTaTTi, IOBIOMJIEHHSA Ta OIJIAAV HAJCUIAKOTHCA [/ pO3-
I7Ay IOHAaJIMEHIIe NBOM pelleH3eHTaM. PelleH3yBaHHA
Bif6yBaeThCs 3a MOABIiHOW crinoo cxemo. Crarrti, siKi
MAarTh MO3UTUBHI OLIHKM IPUIIMAIOThCA o my6ikarii. Pe-
JaKIlisg )KypHaJy 3a/UIIaE 3a COOO00 TPaBO BHECTH 3MiHU
IO TEeKCTY, o6 BiAMOBifaTy CTaHAApTaM CTHIIIO KYPHAITy
Ta MOBH.

[onmoBHMII peNaKTOp )KypHalTy BUSHAYAE Bi[IOBiTHICTD
cTarti nmpodino XypHaly, BUMoraMm o opopMIeHHS i
HalpaBisie ii Ha pelleH3yBaHHS (axiBIsAM, IO MaKTh
HaitO17b1I 6/IMSBKY IO TEMM CTATTi HAYKOBY CIIelliami3aliiio.

Y KOXHIil CTaTTi y mpolieci pelieHsyBaHHA 3aBX[IU
POSITIANAIOTHCA:

e eTUYHI aCIIeKTI;

e OpUTiHA/IBHICTb TBOPY;

o BaxIuUBicTH iHOpManii;

e YiTKICTb Ta 3pO3YMIJIICTb TEKCTY;

e [OLiJIbHICTb BUKOPUCTAHH: METOJIB JOCTiKEHH;

e iHTEpIpeTalis pesynabTaTiB;

o OOIpPyHTOBAHICTb BICHOBKIB.

TunoBmit mepiof, HeOOXifHMII [/ HPOBELEHHS
pelleH3yBaHHA CKIaJa€ 4 TVDKHI.

ETuvuHi npuHUMnn y AianbHOCTI peLieH3eHTa

PenenseHnT 3pilicHIoe HeymepemxeHe ¢axose
peleH3yBaHHA ITOflaHOI O PO3INANY CTAaTTi Ha OCHOBI
TAaKUX IPUHLMUIIIB:

e peElLEH3eHT IOBMHEH IOBa)XaTU iHTENEeKTyaJlbHY
BJIACHICTD aBTOPIB, i pO3I/IAATY PYKOIMC CTATTI, 1[0
HaJIMIIOB HAa PELEeH3YBAaHHA, AK KOH(biI[eHuiI?[HMIZ,
SIKMIT He MOYKHA TIepejaBaTy [i/Isl O3HAOM/IEHHST 460
06roBOpeHHs TpeTiM 0cobaMm, sIKi He MAIOTh Ha Ije
IIOBHOBA)XEHD BiJl peflaKiiil;

o peleH3eHT 3000B’si3aHMIl HaBaTu OO0 EKTUBHY
OLIiHKY BMK/AJ[EHMM pe3y/lbTaTaM [OCTi/[)KeHH,
NepCOHa/IbHA KPUTMKA aBTOpa HEIPUITYCTHMA;

e y pasi koHQmiKTy iHTepeciB 3 aBTOpOM, CIIif
MOBiJOMUTU TIPO 1€ peflaKTopa 3 IIPOXaHHAM
BUKJIIOYUTH JIOTO 3 IPOLECY PeLeH3YBaHHA [JaHOI
CTaTTi.

MoniTuka wopao nnariaty

Pemakuia >xypHany BBaKa€ HEIPUITHATHUM HasABHICTb
mrariaty B cTaTTAX (ONPUIIOfHEHHs Yy MUCbMOBIiN abo
eTIeKTPOHHIN PopMi HAYKOBMX Pe3y/NbTaTiB, OTPUMAHUX Ta
ONPVTIONHEHNX iHIINMI 0c06aMM, SIK Pe3yIbTaTiB BIACHOTO
TOCTiKeHH: Ta/a00 BiITBOPEHH:A OIyO/IiKOBaHUX TEKCTiB
iHIMX aBTOpPiB 6€3 BiAIOBITHOrO MOCHTAHHS).

Y craTTax He JOImyCKaeThCA:

e KOIIIIOBAHHA Ta ONPWIOJHEHHA BUKOHAHOI iHIINM

aBTOPOM pO6OTH 5K CBOEI;

o JHOCTiBHe KONiIOBaHHSA (QparMeHTiB TEKCTY
(Bim ¢dpasy mo Habopy pedeHb) 6e3 HalIeKHOTO
o(opMIIeHHS IUTYBAHHS;

e BHECEHHA HE3HAYHMX IPABOK Y CKOIiOBaHUIA
MaTepian (mepedopMyIIOBaHHS pedyeHb, 3MiHa
HOPAJKY CIiB B HUX TOLIO) Ta 0e3 HaleXHOro
0 OpM/IeHHA INTYBaHHS;

e II€peKa3 CBOIMM C/I0OBAMM YYXXUX JYMOK, ifen abo
TEKCTy 6e3 Ha/IeXKHOTo 0(pOPM/IEHHS IIOCHIAHHS Ha
IPKeperio.

O60B’s13KOBMM € TIOCMIAHHSI Ha BJIaCHI, paHiuie

ory6mikoBaHi po60THL.

Pemakuia Bigxunse mogaHuil pyKomuc, AKIO BiH
MICTUTPH 3aNIO3MYEHHS 3 iHIINX ny6niKauiI71 6€e3 HaJIeXXHOTO
LMTYBaHHA, Ta MOXe CKacyBaTy IIyOmiKaliiio 3a CKaproio B
ariaTi.

Ak nigrorysaTtm peueHsiio?

MonepedHiti o2n1a0

IMepmr HiX NpUITHATY a00 BiXWINTU 3allpOLIEHHS Ha
peleH3yBaHHA, PO3I/IAHbTE TaKi MUTaHHA:

o UYu Bigmosimae cTaTTA BalIiy croeriamizarii?
IIpmitmaiiTe 3ampolleHHs, SAKILO BYM BIIEBHEHI, 110
MOYKeTe HaJlaTU SAKiCHUI OTJISA].

o Yu ey Bac koHQiKT inTepeciB? [laiiTe Bifnosigs Ha
1ie MUTaHHS.

e UYu e y Bac 4ac? PereH3yBaHHA MOXXe BUMAararu
6arato 4acy — mepiI HDK IPUIIMATy 3alpOLICHHS,
[epeKOHaITeCs, 110 B MOXKeTe BUKOHATU POOOTY
[0 BKa3aHOI'O CTPOKY.

JlajiTe BifiOBifAb Ha 3alpoOIlleHHA, fAK TiAbKKM BU
3MOKeTe. 3aTpMMKa BifNOBifi CHOBINIBHIOE IpolLec
posrAny Marepiany. AKio BM BifXmanTe 3ampoOIUEHHS,
3a MOXX/IMBOCTI, HajlaliTe NMPOMO3MLil a/lbTepHATUBHUX
PeLIeH3€EHTIB.

Sxmo BM mpuitMaeTe 3alpoOIleHH:A, TO BUM MOBMHHI
posIIsAfaTy Marepianm AK KOHQifeHUiHi JOKyMeHTH.
ITe o3Hauae, M0 BM He MOXKeTe MOJUINTUCA HUMU 3 KUM-
Hebyzp 6e3 IomepeHbOrO HO3BONY pefakTopa. OCKinbKI
eKCIEepTHMIT OIIAL € KOH(DifeHIIIHNM, BM TaKOX He
[OBMHHI IepefaBaty iHdopMalilo Ipo pereHsio Oyab-
KOMy 6€3 103BO/Ty peSaKTOpiB Ta aBTOPIB.

[To-nepiite, mpoYnTaiiTe CTATTIO, @ TIOTIM 3pOOITH TTEpe-
pBy. PosrnanbTe craTTIO 3 BIacHoi Touku 30py. [lepexonaii-
TeCs, 1110 B 3Ha€Te KPUTEPii OLIHKM CTATTi, 3alIpOIIOHOBAHI
JKYPHAJIOM.

Oenso

Bama peneHnsia jormoMoxe peaKTOpOBi BUpilINTH,
4 cnify my6mikyBaTu crarTio. Baxk/mBoro € Bama saranbHa
AYMKa Ta BMCHOBKM IIPO CTaTTIO. Bamli KomeHTapi MoBMHHI
O6yTyU [OOPO3UWIMBYMM Ta KOHCTPYKTUBHUMIU, @ TaKOX
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Information

He MICTUTM >KOFHUX OCOOMCTUX 3ayBa)keHb YV 0COOMCTUX
IaHVX, BKIIOYAIOY) Balle iM 4.

BaximmBo Hajaty indopmanito mpo 6yab-sxi HasBHI
HefomiKy. By IOBMHHI TOSICHUT Ballle CY/PKEHHs, 1106 SIK
PenaKkTopy, TaK i aBTOPH, MOIJIY IIOBHOIO MipOI0 3pO3yMiTI
Ballli KOMEHTApI.

KoHmponeHut cnucok

OuwiHiTh Taki acrekTy crarTi: (Ko Bigmosigb «Hix,
Oynb acKa, 3a MOXK/IMBOCTI, 3aIIPOIIOHYIITe ITOKPAIIeHHS)

+ Yy 3aT0NIOBOK TOYHO BifjoOpakae 3MicT TeKCTy?

o Yu uiTkO 3a3HaUEHO MeETY?

o Yu cyTTEBUIT BHECOK Y pO3POOKY 3a3HaUeHOI

po6eMu pOOUTHCs LIE CTATTEI0?

o U1 po3KpMBaE CTATTA METY JOCTI/KEHHA?

o Yu yorivHO BUK/IAfeHNMIT MaTepial CTaTTi¢

o Yu BuCBiTZIeHa B aHOTAlLlil CYyTb CTaTTi, aHOTAIlif €

inpopmMaTuBHOIO Ta TaKOHIYHOIO?

o Yy BUCHOBKM aBTOpa aJieKBaTHi

eKCIIepMMeHTa/IbHOMY MaTepiamy?

Hapalite KOHKpeTHI KOMeHTapi Ta mpomnosmuii,
30KpeMa, o0 O(OpMIEHHs, Ha3BU, OMUCY, BCTYIY,
rimoresn Ta/abo MpefMeTy HOCIi/KEHHs, MaTepiamiB i
METOJiB, CTaTUCTUYHOI 0OpOOKY MarepiaiB, pe3y/bTaris,
006TOBOpPEHH:, BUCHOBKIB, MOBY Ta IIOCU/IaHb.
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Skio Bu BOavaeTe MposSBYU aKafeMivyHOI HemoOpoUec-
HOI, 06rOBOPITh CBOI MPUITYI[eHHS 3 PeLaKTOPOM, HafaiTe
SKOMOTa JOK/TafHily iHpopMariito.

Bawa pekomeHoauis

Konu Bu maere pekoMmeHfpalio, To ob61upaere ofgHy 3
KaTeTOopiit, Ki BUKOPUCTOBYIOTHC [ist Kmacuikaii crarTi:

o IPUITHATY ITOJAHHS;

e HeoOXigHi BUIIPaBJIEHHS;

o HeoOXifjHe JOfJaTKOBE PelieH3yBaHHS;

e JIO iHIIIOTO BUJaHHS;

e BiIXVWINTY IIOflaHHA.

OcmamouHe piweHHs

TonoBHMIT pefakTOp BMUPILIYE, YU NPUINHATYU UM Bifj-
XWJINTH CTaTTIO. PeflakTop, mepil HiXK NPUITHATYU pillleH-
Hsl, 3BOXATD BCi IOIJIAIM Ta MOXKE 3aXKaJlaTU TPETIO TYMKY
ab0 MOIPOCUTH aBTOpA MEpPEerIAHYTH HOKYMeHT. Bupias-
HMYa CUCTEMA Haflac KOPMUCTYBayaM ITOBiJJOMJIEHHA IIPO
OCTaTOYHE pillleHHs.

Pedaxuist scyprany
«Teopist ma memoouxa @izuuHo2o BUXOBAHHSI»
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