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Abstract

Background. Sport represents a crucial component of human life, yet the intensity of training, coupled with
significant physical and psycho-emotional strain, often restricts athletes’ opportunities for holistic personal
development and limits their integration into the social environment. These challenges become especially acute
during the transition from active competitive activity to the post-career stage.

Objectives. This study aimed to conduct a comprehensive analysis of the level of awareness among specialists in the
field of physical culture and sport regarding the concept of athletes’ social adaptation and to identify the key problems

athletes encounter throughout this process.

Materials and Methods. The study was based on an anonymous online survey involving 150 specialists representing
diverse sectors of the field of physical culture and sport in Ukraine. A set of complementary methods was employed,
including system analysis, analysis and synthesis of scientific literature, sociological survey, and statistical analysis,
using the chi-square (x?) test to assess the relationship between professional experience and awareness levels.
Results. The findings indicate that 87.3% of respondents considered the social adaptation of athletes to be
“undoubtedly very important”. The most critical challenges during athletes’ professional careers were identified as
the imbalance between sport and education (54.5%) and psychological overload and stress (40.0%). In the post-
career stage, the leading difficulties were related to employment (33.8%) and financial instability (26.9%). The most
effective forms of post-career support were recognized as employment assistance (mean score = 4.3) and financial
support (mean score = 4.0). At the same time, the primary barriers to implementing adaptation programs included
insufficient funding (37.3%) and athletes’ limited awareness of available opportunities (19.3%).

Conclusions. The study underscores the urgency of developing and institutionalizing comprehensive national
programs for the social adaptation of athletes in Ukraine, ensuring their continuity across all career stages.

Keywords: social adaptation, athletes, sports career, support mechanisms, challenges, dual career.

Introduction

Sport constitutes an integral part of human life,
fostering not only physical abilities but also exerting
a significant influence on social identity and personal
development. Nevertheless, demanding training schedules,
high psychological and physical workloads, and constant
competitive pressures often limit athletes’ opportunities for
holistic development and hinder their full integration into
the social environment (Korzh et al., 2024; Ponomaryov et
al., 2024). The interplay of these factors creates substantial
challenges for social adaptation, which become particularly
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critical during the transition from an active athletic career
to the post-sport stage of life (Pryimak, 2025a; Leeder
et al., 2025). Previous studies emphasize the necessity of
psychological support to help athletes overcome critical
stages in their careers and highlight the importance of
effectively managing these transitions (Aptsiauri, 2024;
Samuel et al., 2011). At the same time, scholars stress the
need for the development of effective adaptation programs
that take into account the specific characteristics of athletes’
transition to life after sport (Voorheis et al., 2023; Voronova
etal., 2024).

The relevance of examining the problem of athletes’
social adaptation in Ukraine is shaped by several factors,
among which the absence of comprehensive and systematic
support programs and the insufficient awareness of specialists
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regarding athletes’ actual needs are particularly significant
(Voronova et al., 2020; Polishchuk et al., 2025). Effective
social adaptation is a crucial condition for psychological
well-being, professional self-realization, and the full
integration of individuals into society after the completion
of a sports career (Pryimak, 2025b; Choi et al., 2021). Within
this context, athletes’ education acquires special importance,
being viewed not only as a tool for individual development
but also as a strategic factor in sustaining sport at the
national level. Domestic research highlights the importance
of Olympic education, which is regarded as an integral
component of the national educational and sports system
(Bulatova et al., 2019; Radchenko et al., 2024).

An analysis of contemporary scientific literature dem-
onstrates a growing scholarly interest in the issue of ath-
letes’ social adaptation within the international academic
community. The works of researchers such as Hong et al.
(2023) and Glandorf et al. (2023) emphasize the importance
of psychological and social preparation for career termina-
tion, while also noting the economic challenges that arise
during the post-career stage (Nuetzel, 2023; Pilkington et al.,
2024). Considerable attention has also been devoted to men-
tal health, stress, and professional burnout, which emerge as
critical dimensions of the adaptation process (Thornton et
al., 2023; Tossici et al., 2024; Trigueros et al., 2019). Ukrai-
nian studies likewise address the problem of social adapta-
tion, particularly in the context of the role of educational
programs and psychological support. The works of Pryimak
(2024, 2025c) focus on the distinctive features of athletes’
adaptation at different stages of their sports careers and their
interactions with the social environment-factors essential for
a comprehensive understanding of the adaptation process.
Furthermore, research on models of professional growth and
career development offers valuable conceptual guidelines for
the design of effective support programs for athletes in the
post-career period (Pryimak, 2025d; Samuel et al., 2023).

Despite these contributions, several aspects of the
broader issue remain highly relevant for further academic
inquiry. Specifically, these include the level of awareness
among Ukrainian specialists in physical culture and sport
regarding athletes’ social adaptation, their perceptions of
the effectiveness and content of existing programs, the
identification of athletes’ primary needs within the Ukrainian
context, and a systematic analysis of the barriers that hinder
the implementation of effective support initiatives. These
considerations highlight the urgency of addressing existing
gaps through a focused examination of the aforementioned
aspects under contemporary Ukrainian conditions.

The purpose of the study is to examine the level of
awareness among specialists in the field of physical culture
and sport regarding athletes’ social adaptation and, based
on the results of the conducted survey, to substantiate the
necessity of developing and implementing social adaptation
programs within the activities of physical culture and sports
organizations.

Materials and Methods

Study Participants

The study employed an anonymous questionnaire survey
aimed at assessing the level of awareness among specialists

in the field of physical culture and sport regarding athletes’
social adaptation, as well as substantiating the necessity of
developing and implementing relevant programs within
the activities of physical culture and sports organizations.
A total of 150 respondents (n = 150), representing leading
specialists in the field of physical culture and sport in
Ukraine, participated in the research. The sample was
formed on the principles of voluntary participation and
accessibility, which allowed for the inclusion of a broad range
of physical culture and sports organizations, as well as higher
education institutions with a physical culture profile. Such a
composition of participants ensured a sufficiently broad and
representative reflection of professional perspectives on the
issue under investigation.

The largest proportion of respondents represented
childrenandyouthsportsschools(36.0%,n=54),underscoring
the importance of addressing athletes’ adaptation from an
early age. A substantial share of participants were affiliated
with higher education institutions specializing in physical
culture and sport (13.3%, n = 20) and with the Ministry of
Youth and Sports of Ukraine (12.7%, n = 19). Specialists
from sports clubs (7.3%, n = 11), physical culture and sports
societies (6.7%, n = 10), and local administrations (6.0%,
n = 9) were also represented. Smaller groups included
respondents from schools of higher sports mastery (5.3%,
n = 8), the National Olympic Committee of Ukraine and
its regional branches (4.7%, n = 7), non-governmental and
charitable organizations (3.3%, n = 5), municipal institutions
(2.7%, n = 4), and the Olympic Academy of Ukraine with its
regional branches (2.0%, n = 3).

An analysis of respondents’ professional experience
revealed that the majority were highly experienced
specialists. Nearly half (47.3%, n = 71) reported more
than 20 years of professional experience, 24.0% (n = 36)
had 11-20 years, 17.3% (n = 26) had 6-10 years, while only
11.3% (n = 17) reported less than 5 years of work experience.
The professional positions of participants covered a wide
spectrum, ranging from coaches, academic staff, and sports
managers to administrative personnel and senior executives
of physical culture and sports organizations. This diversity
provided a multifaceted perspective on the research
problem and contributed to a deeper understanding of the
complex processes of athletes’ social adaptation. The largest
group consisted of coaches (44.7%, n = 67), making their
perspectives particularly valuable. Managers and executives
of physical culture and sports organizations accounted for
22.7% (n = 34), senior specialists (including managers and
administrators) represented 19.3% (n = 29), while academic
staff comprised 13.3% (n = 20).

Study Organization

The study was conducted between May and August 2025.
The research process included theoretical preparation, the
development of research instruments, data collection, and
subsequent analysis. The primary stage of data collection was
implemented through an anonymous online questionnaire,
which ensured confidentiality of responses and allowed for
the inclusion of specialists from diverse regions of Ukraine,
thereby minimizing geographical limitations.

Toachievethestatedresearchaim,asetof complementary
methods was employed.
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System Analysis

This method was applied to examine the process of
athletes’ social adaptation as a complex, multi-component
system. It enabled the identification of the structural
elements of this system (e.g., individual characteristics of the
athlete, the social environment, and institutional factors),
their interrelations, and their functions. The use of system
analysis contributed to a deeper understanding of adaptation
mechanisms and facilitated the identification of key leverage
points for the development of effective support programs.

Analysis and Synthesis of Scientific Literature

This method was used to comprehensively review
contemporary national and international research, concepts,
and theories related to athletes’ social adaptation, the factors
influencing this process, and existing support programs.
The aim was to establish the theoretical foundations of the
study, identify key problems and unresolved issues, and
substantiate the relevance of the chosen topic.

Sociological Survey (anonymous online questionnaire)

The primary method of collecting empirical data was an
anonymous online survey. A specially designed questionnaire
was developed to capture the core aspects of specialists’
awareness in the field of physical culture and sport regarding
athletes’ social adaptation, their perceptions of existing
programs, and their assessment of athletes’ priority needs
within the Ukrainian context. The questionnaire included
closed-ended questions (with multiple-choice options and
rating scales for quantitative analysis) as well as open-ended
questions to obtain deeper qualitative insights and clarify
respondents’ positions.

Statistical Analysis

Statistical methods were applied for the quantitative
processing, analysis, and interpretation of the collected
data. Descriptive statistics, including frequency analysis,
calculation of means, and percentages, were used to
summarize and present the results. In addition, the
chi-square (x*) test was employed to assess statistically
significant relationships between categorical variables (in
particular, professional experience and level of awareness).
Data analysis was carried out using Microsoft Excel and
Statistica software.

Results

The analysis of the obtained results made it possible
to form a comprehensive understanding of respondents’
awareness of the concept of “social adaptation of athletes” and
to identify key challenges and priority areas of support. The
vast majority of specialists (87.3%) defined social adaptation
as an “undoubtedly very important” component of the
athlete support system; 12.0% of respondents considered
it “important but not a priority,” while only 0.7% regarded
it as “not particularly important”. These findings indicate a
high level of recognition of the problem’s significance among
experts and highlight the urgent need for the development
and implementation of effective support mechanisms.

The effective design and implementation of social
adaptation programs require a unified understanding of
the concept among specialists. The study revealed a certain
degree of variability in respondents’ interpretations of
the term “social adaptation of athletes” The distribution
of responses reflecting these differences in perception is
presented in Figure 1.

As shown in Figure 1, the most common definitions
among respondents were “successful integration of the
athlete into the social environment during and after a
sports career” (39.3%) and “the ability of the athlete to
balance sport with other spheres of life, such as education,
professional activity, and family” (29.7%). This distribution
of responses demonstrates respondents’ awareness of the
multidimensional nature of social adaptation, which extends
beyond preparation for the completion of a sports career and
encompasses the continuous integration of the individual
into various social contexts throughout an athlete’s life
course.

Difficult to answer I 2.0%

[ EE

Acquiring the necessary social skills for o
an active life in society i 8.0%

Establishing communication with the
social environment outside the sport
environment

Obtaining social guarantees and i 339
financial support after sports =70

Formation of new social roles and g o
identity outside of sport . 4.0%

The process of an athlete's adaptation to o
life after the end of his/her career i 9.3%

The ability of an athlete to combine

sport with other areas of life (education, ﬁ 29.3%

work, family)
Successful integration of an athlete into

the social environment during and after ﬁ 40.7%

his/her sports career

0% 20% 40% 60%

Fig. 1. Understanding of the concept of “social adaptation of
athletes”, respondents’ views (n = 150)

To test the hypothesis regarding the relationship
between specialists’ professional experience and their
level of awareness of existing social adaptation programs,
statistical analysis was conducted using the chi-square (x*)
test. This approach allowed us to determine whether the
observed differences in awareness were dependent on work
experience or occurred by chance. The following hypotheses
were formulated:

Null hypothesis (Ho): The distribution of specialists’
awareness levels is independent of their professional
experience. In other words, there is no statistically significant
association between these variables.

Alternative hypothesis (H,): There is a statistically
significant association between professional experience
and awareness level, meaning that specialists’ awareness is
substantially influenced by their work experience.

The overall distribution of responses, reflecting the
number of specialists with different lengths of professional
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experience across each awareness category, is presented in
Table 1.

To examine the relationship between professional
experience and specialists’ level of awareness, a chi-square
(x*) test was conducted. The obtained x> value was 128.53
with 12 degrees of freedom (df). Since the p-value (< 0.001)
was considerably lower than the standard significance level
(a0 = 0.05), the null hypothesis was rejected. This indicates
the presence of a statistically significant association between
work experience and specialists’ level of awareness.

Table 1. Contingency table of observed frequencies

Work Heard Aware, not Aware, Aw\{are
. ware . . (national Total
experience only involved involved
level)
<5 years 12 4 0 0 1 17
6-10 years 12 11 1 0 2 26
11-20 years 4 14 4 6 8 36
220 years 2 15 8 5 41 71
Total 30 44 13 11 52 150

Specialists’ awareness of existing social adaptation
programs is a critical factor for their effective functioning
and for encouraging athletes’ participation. Within the
framework of the study, respondents’ level of knowledge
about programs implemented both during active sports
careers and after retirement was analyzed. The results,
reflecting the current state of specialists’ awareness, are
presented in Figure 2.

It is difficult to answer . 53%

No, there are no support programs W 2.0%
0%

I do not know about the existence of any
e I 20 0%

Programs are only in the process of
development
I have heard about such programs, but I ‘ﬁ 29.3%
am not familiar with the details 270
Programs are created only for certain N
categories of athletes [ RAGD
Programs exist only at the level of o
individual sports organizations - 7%

I know that the programs exist at the
national level 11 3%

1 0.7%

I know about the programs but do not ‘7 17.3%
participate personally I 173%

T am aware of such programs and
0,
participate in their implementation - 7 3%

0% 20% 40%

Fig. 2. Respondents’ awareness of the existence of social
adaptation programs for athletes during and after their sports
careers (n = 150)

The findings (Figure 2) indicate that, despite the generally
high recognition of the importance of social adaptation, the
level of specialists’ awareness of existing support programs
remains a problematic issue requiring further scholarly
investigation. A considerable share of respondents (20.0%)
reported being completely unaware of the existence of
such programs, while 29.3% stated that they had only
heard about them but were unfamiliar with their content
or implementation specifics. Only 7.3% of participants not
only demonstrated awareness of these programs but also

reported direct involvement in their implementation. This
situation reflects the absence of a unified, well-structured,
and accessible system of support for athletes’ social
adaptation. The insufficient level of specialists’ awareness
may significantly limit the effective use of available resources
and reduce the degree of engagement of the target audience
in relevant programs.

® Other (all of the below)

I do not consider this to
be the task of the state
13.3%

“ ‘ 20.7%

| 52.7%

¥ Ensuring cooperation
with educational
institutions

Answer option

u Supporting psychological
assistance centers

u Development of special

0% 20% 40% 60% educational opportunities

Number of respondents (%)

Fig. 3. The Role of the State in Supporting Athletes’ Social
Adaptation (n = 150)

Regarding the role of the state in the process of athletes’
social adaptation, respondents expressed clear and consistent
expectations. The majority of specialists assigned primary
responsibility to the state for financing and developing
targeted programs, reflecting an urgent need to establish
a systematic national-level approach to this issue. Figure 3
presents the distribution of respondents’ opinions on the
functions that, in their view, the state should perform to
ensure effective social adaptation of athletes.

As the survey results demonstrate (Figure 3),
respondents attributed a leading role to the state primarily
in “financing relevant programs” (52.7%) and “creating
special educational opportunities” (20.7%). In addition, a
substantial proportion of participants (13.3%) emphasized
the importance of “establishing cooperation with educational
institutions”. Several respondents also highlighted the need
to develop mechanisms for legal protection and to provide
informational support for athletes in the context of their
social adaptation.

This distribution of responses reflects specialists’
recognition of the necessity for comprehensive, systematic,
and institutionally secured state support capable of creating
a stable foundation for the successful social adaptation of
athletes.

Identifying the main difficulties athletes face during
their sports careers from a social perspective is essential for
designing effective support programs. A clear understanding
of these challenges enables the development of targeted
interventions aimed at improving athletes” quality of life and
promoting their harmonious integration into society. The
distribution of responses to this question, reflecting the key
social challenges encountered during the active sports career
stage, is presented in Table 2.

The survey results (Table 2) indicate that the most
common difficulties faced by athletes in the context of
social adaptation are “lack of balance between sport and
education” (55.3%), “insufficient future planning” (41.3%),
and “overload and stress” (39.3%).
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These findings emphasize the multidimensional nature
of the challenges athletes encounter, as they extend beyond
purely athletic activity and directly affect their social devel-
opment, psychological well-being, and overall quality of life.

Table 2. Key social challenges faced by athletes during their
sports careers (n = 150)

Table 4 presents the main difficulties athletes encounter after
the end of their careers, outlining the primary challenges
of post-sport life and highlighting the directions in which
support is most urgently needed.

Table 4. Post-career challenges experienced by athletes (n =
150)

n

Challenges During the Sports Career ) n (%)
Lack of balance between sport and education 83 55.3
Social isolation / limited social circle 45 30.0
Insufficient communication skills 25 16.7
Overload and stress 59 39.3
Inadequate future planning 62 41.3
Low level of civic engagement 30 20.0
Insufficient communication with family 13 8.7
Other (all specified items) 2 1.3

For the development of effective strategies to address
these difficulties, it is crucial to understand the underlying
factors that cause them. To this end, respondents were asked
to identify the key factors that, in their opinion, underlie
these problems during the course of a sports career. The
aggregated results, which reveal the root causes of these
challenges, are presented in Table 3.

The analysis shows that among the main causes of the
identified difficulties, respondents most frequently cited
“high levels of physical and psychological stress and lack of
time” (60.7%) and “absence of state or municipal programs
for social adaptation” (38.6%) (Table 3).

Continuing the analysis of the challenges athletes face in
the context of social adaptation, it is essential to consider the
specific difficulties that arise during the post-career period.
The conclusion of a sports career is accompanied by profound
transformations in an athlete’s life, which are often even more
dramatic than those encountered during active professional
activity. These challenges are largely associated with the loss
of a familiar social environment, stable income, and the pro-
fessional role that has long shaped the athlete’s identity.

Table 3. Factors underlying athletes’ difficulties during
their sports careers (n = 150)

Reasons for difficulties during a sports n
n (%)

career (respondents)
High levels of physical and psychological 93 62.0
stress; lack of time
Insufficient support from coaches 8 5.3
Insufficient support from sports 33 22.0
managers / sports organizations
Insufficient support from family 5 33
Absence of state or municipal adaptation 56 37.3
programs
Limited initiative or motivation of the 34 22.7
athletes themselves
Low level of awareness about available 47 31.3
opportunities
Limited access to quality psychological 12 8.0
assistance
Other (please specify) 3 2.0

During this stage, issues such as employment,
financial stability, social integration, and the preservation
of psychological well-being become particularly pressing.

n

Difficulties after the end of a sports career e n (%)
Sharp decrease or loss of income 85 56.7
Difficulties in finding new professional 107 71.3
employment

Lack of adequate psychological support 26 17.3
Insufficient level of education/qualification 43 28.7
Challenging social adaptation / feelings of 56 373
isolation

Health problems 49 32.7

For the development of effective support systems, it is
important not only to identify the key problems athletes
face but also to determine the forms of assistance perceived
by specialists as the most effective. Within this study,
respondents’ evaluations of the importance and potential
effectiveness of various types of support for athletes during
the post-career period were analyzed. A five-point scale was
used (where 1 - not effective at all; 2 - slightly effective; 3 —
moderately effective; 4 - fairly effective; 5 — highly effective).

The results indicate that the highest mean scores were
recorded for “career guidance and career path development”
(M = 3.88), “financial counseling, including budgeting and
investment advice” (M = 3.88), and “building a support
network” (M = 3.76). These findings suggest that respondents
attach particular importance to practical forms of assistance
that can ensure a smooth transition to post-sport life,
promote professional self-realization, and enhance financial
literacy. The detailed results of respondents’” evaluations of
different forms of support are presented in Table 5.

The analysis of the data presented in Table 5 confirms
the priority of career guidance, career path development,
and financial counseling as key components of an effective
athlete support system. The findings demonstrate specialists’
recognition of the necessity for a comprehensive approach to
ensuring athletes” successful reintegration into society after
the completion of their sports careers. The high evaluation
of mentoring programs involving former athletes further
emphasizes their significance as an effective mechanism for
transferring unique experience, fostering motivation, and
facilitating adaptation through personal example and social
support.

Alongside the identification of effective forms of
support, an equally important task is to uncover and analyze
the barriers that hinder the implementation or initiation
of social adaptation programs for athletes. Understanding
these obstacles provides the basis for developing strategies to
overcome them and for ensuring the effective realization of
adaptation initiatives. Among the most significant barriers
identified by respondents were “limited funding or lack of
resources” (37.3%) and “low levels of awareness or interest
among athletes themselves” (19.3%). These factors have a
systemic nature and require comprehensive solutions at
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Table 5. Assessment of the importance of support measures for athletes in the post-career stage (n = 150)

n

Form of support Not effective at Sligh?ly Mode}'ately Fairly effective Very effective = M

all (1 point) effec‘t 1ve effec.t ol (4 points) (5 points)
(2 points) points)

Individual consultations with a psychologist 7 29 40 43 31 34
Educational programs with flexible schedules 6 19 33 55 37 3.7
Courses in communication skills development 7 21 56 40 26 3.4
Participation in volunteer or social projects 10 25 44 50 21 33
Mentorship programs from former athletes 10 14 38 48 40 3.6
Career counseling 7 18 36 57 32 3.6
Psychological support (individual and group) 5 22 34 40 49 3.7
Career guidance and career path planning 7 12 21 60 50 3.9
Financial counseling (budgeting, investments) 6 16 22 48 58 3.9
Establishing a support network 6 14 28 60 42 3.8
Opportunities for formal education/training 8 16 25 57 44 3.8

Notes: n — number of respondents; M (Max = 5) — arithmetic mean value.

the state level. A detailed list of the identified barriers is
presented in Table 6.

Table 6. Barriers to the implementation of athletes’ social
adaptation programs (n = 150)

Barriers n (respondents) n (%)
Limited funding or lack of resources 56 37.3
Insufficient number of qualified specialists 20 13.3
Lack of political or institutional support 26 17.3
Low level of awareness or interest among 29 19.3
athletes themselves
Lack of interagency coordination 7 47
Difficult to answer 12 8.0
Total 150 100.0

Building on the analysis of support forms presented
in Table 5, the following table provides more detailed
information on the perceived effectiveness of specific
measures aimed at supporting athletes’ social adaptation
after career termination. These data are based on mean
scores provided by respondents using a five-point scale and

are critical for identifying the most promising directions for
the allocation of resources and efforts (Table 7).

According to the data presented in Table 7, respondents
identified the most effective support measures as
“employment assistance” (M = 4.3) and “financial support/
compensation” (M = 4.0). These results highlight the strong
demand among athletes for practical career and material
assistance after the completion of their sports careers,
serving as an important reference point for the development
of targeted social adaptation programs.

Discussion

This study provides a comprehensive overview of the
current state and challenges of athletes’ social adaptation in
Ukraine, focusing on specialists’ awareness, difficulties en-
countered during and after sports careers, and the perceived
effectiveness and importance of various forms of support.

The findings demonstrate a high level of recognition
of the significance of this issue among professionals:
87.3% of respondents identified athletes’ social adaptation
as “undoubtedly very important” This aligns with global
trends, where increasing attention is being paid to the holistic

Table 7. Effectiveness ratings of specific support measures for athletes in the post-career stage (n = 150)

n

Form of support Not effective Slightly effective MOde?ately Fairly effective ~ Very effective =~ M

at all X effective (3 . .
@ oot (2 points) — (4 points) (5 points)

Programs of professional retraining / 4 17 28 59 42 3.8
advanced training
Psychological support and rehabilitation 7 14 40 53 36 3.6
Financial support / compensations 6 13 20 45 66 4.0
Individual career counseling 7 12 31 72 28 3.7
Employment assistance 3 6 15 39 87 4.3
Mentorship programs 5 12 39 56 38 3.7

Notes: n — number of respondents; M (Max = 5) — arithmetic mean value
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development of athletes and their well-being after retirement
from professional sport (Brown et al., 2018; Pierce et al,,
2024).

A key result with significant practical implications is the
statistically significant relationship between specialists’ length
of professional experience and their awareness of social sup-
port programs for athletes. This finding not only confirms
that awareness depends on experience but also points to a
systemic gap in knowledge transfer within the field. The high-
est levels of awareness were reported by specialists with more
than 20 years of experience, who were more likely to be in-
formed about national-level programs. By contrast, younger
professionals often reported no knowledge or only superficial
awareness of such initiatives. This highlights the ineffective-
ness of existing information mechanisms in reaching new
generations of specialists, creating a substantial barrier to the
expansion and implementation of social adaptation programs.

The study also revealed heterogeneity in specialists’
interpretations of the concept of “athletes’ social adaptation”
(Figure 1). The majority of respondents emphasized
integration into the social environment during and after
the career (40.7%) and the ability to combine sport with
other spheres of life, such as education, professional activity,
and family (29.3%), Harmonizing sport with educational,
professional, and personal domains was viewed as a key
condition for successful social adaptation and as a critical
factor for a smooth transition to post-sport life, This
approach is consistent with the dual career concept, which
has been widely studied and implemented internationally
(Rybaetal,, 2015; Stambulova et al., 2020). Conversely, overly
narrow understandings of social adaptation (e.g., limited
only to financial aid or psychological rehabilitation) may
impede the creation of comprehensive support programs,
as the absence of a shared conceptual framework disperses
efforts and reduces alignment between program content and
athletes’ actual needs.

Another important finding is the generally low level of
specialists’ awareness of existing social adaptation programs
(Figure 2): nearly half of the respondents (49.3%) reported
either no knowledge or only superficial awareness. This
points to systemic communication deficiencies and the
absence of a centralized national platform for information
dissemination. Given that program effectiveness depends
on awareness and engagement of the target audience, such
shortcomings represent a serious barrier to implementation.

The study also highlights expectations regarding the
role of the state in the process of athletes” social adaptation
(Figure 3). Respondents clearly expect active state
involvement, primarily in financing adaptation programs
(52.7%) and creating educational opportunities (20.7%).
This finding corresponds with the analysis of underlying
causes of adaptation difficulties, where the absence of state
or municipal programs was identified as a leading factor
(37.3%, Table 2). Thus, there is a clear societal demand for a
systemic and institutionalized state-level approach that goes
beyond isolated initiatives.

The analysis of challenges athletes face during their
professional careers (Table 2) revealed dominant problems
such as lack of balance between sport and education (55.3%),
insuflicient future planning (41.3%), and overload/stress
(39.3%). These findings are consistent with prior research
(Nuetzel, 2023; Pilkington et al., 2024; Trigueros et al.,

2019; Tossici et al., 2024), which emphasize the prevalence
of mental health issues and burnout among athletes. This
demonstrates that social challenges are not confined to the
post-career stage but accompany athletes throughout their
professional trajectory, thereby underscoring the importance
of early and preventive interventions.

The main factors underlying these difficulties (Table 3)
were identified as high levels of physical and psychological
stress combined with lack of time (62.0%) and the absence
of adequate state programs of support. These findings stress
the need for integrated approaches that combine athletic,
academic, social, and psychological dimensions. Our earlier
studies (Pryimak, 2024; Pryimak, 2025¢) also confirmed
that the nature of an athlete’s interaction with the social
environment at different stages of their career is central to
the adaptation process.

In the post-career stage, challenges assume a different
nature (Table 4). The most frequently reported difficulties
were finding new employment (71.3%) and loss of income
(56.7%). These findings correspond with the scholarly
literature describing the phenomenon of role exit (Samuel
et al,, 2011), whereby retirement from professional sport is
often accompanied by a loss of social status and economic
instability. Feelings of isolation and the need for psychological
support also remain significant concerns for retired athletes.

The evaluation of the effectiveness of various forms of
support (Tables 5 and 7) indicated the prioritization of ca-
reer guidance, career development, and financial counseling,
which directly address the key challenges of the post-career
period. The high value attributed to mentoring programs in-
volving former athletes highlights the importance of person-
al experience as a resource for adaptation, a point also em-
phasized in contemporary research (Voorheis et al., 2023).

At the same time, serious barriers to the implementation
of adaptation programs remain, including limited funding
(37.3%) and low awareness or interest among athletes
themselves (19.3%) (Table 6). These factors create a dual
challenge: on the one hand, the need for adequate resourcing,
and on the other, the need for effective mechanisms to
motivate and inform athletes about available opportunities.

Finally, the expectations of specialists regarding the
state’s leading role in financing adaptation programs (52.7%)
and expanding educational opportunities (20.7%) further
underline the necessity of systemic policy-level solutions.
The significance of cooperation with educational institutions
(13.3% of respondents) also aligns with the recommendations
of Bulatova et al. (2019) and Radchenko et al. (2024) on the
importance of Olympic education. The implementation of
professional growth management models, as substantiated
in the works of Pryimak (2025d) and Pierce et al. (2017),
could provide the foundation for building an effective
national support system for athletes.

Conclusions

This study provided a comprehensive overview of the
state of athletes’ social adaptation in Ukraine from the
perspective of specialists in the field of physical culture and
sport. The findings allow for the following conclusions:

The majority of specialists recognize the high importance
of athletes’ social adaptation, although some heterogeneity
in interpreting the concept persists. The dominant view
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defines adaptation as the integration of athletes throughout
their careers and their ability to combine sport with other
spheres of life. This perspective aligns with the dual career
concept and emphasizes the necessity of a holistic approach.

A significant deficit in specialists’ awareness of existing
social adaptation programs was identified, indicating a
fragmented information environment and the absence of
a centralized system of communication and coordination.
Statistical analysis, including the x> test, confirmed one of
the study’s key hypotheses: there is a statistically significant
relationship between specialists’ professional experience
and their level of awareness of social adaptation programs.
This finding points to a systemic problem in knowledge
dissemination and substantiates the need for targeted
educational initiatives aimed at younger professionals.
The state is perceived as the primary actor in the process
of athletes’ social adaptation, bearing responsibility for
financing and developing systemic programs, particularly in
the domains of education and career support.

The main challenges identified during athletes’ active ca-
reers were lack of balance between sport and education, insuf-
ficient future planning, and overload/stress. After retirement,
the most pressing problems were related to employment and
financial losses. The primary factors underlying these difficul-
ties include excessive physical and psychological demands, as
well as the absence of state-level support programs.

The most effective forms of support were identified as
financial assistance for the development and implementation
of social adaptation programs and measures facilitating
athletes’ employment. This underscores the urgent need
for practice-oriented solutions. At the same time, limited
funding and low levels of athletes’ awareness remain the
main barriers to program implementation.

The results of this study provide an empirical basis
for improving policies and support programs for athletes
in Ukraine. They emphasize the necessity of shifting from
fragmented initiatives to a comprehensive, multi-level,
and continuous support system that accompanies athletes
throughout their entire careers. Theoretically, the study
confirms the relevance of the dual career concept and
highlights the importance of systemic support in minimizing
the negative consequences of athletic transitions.

Future Research Directions

Future research should focus on analyzing the direct ex-
periences of athletes themselves, particularly their subjective
needs, challenges, and evaluations of the effectiveness of ex-
isting forms of support. A promising avenue also lies in con-
ducting comparative studies of social adaptation programs
across different countries in order to identify best practices.
Furthermore, an important task is the development and pilot
implementation of innovative support models tailored to the
socio-economic realities of Ukraine.
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CouianbHa apanTtayis cnopTcmeHiB B YKpaiHi:
BUK/IMKMN Ta NPiopUTETHIi HaNnpAMM NIATPUMKIN
Mapisa Bynarosa'A®“PE, JTinis Paguenko'A®PE, Mapis ITpuitmax'4PPE
'HarionanbHmit yHiBepcuteT QisNyHOro BUXOBAHHA i CIOpTY YKpainn

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

Pedepar. Crarrsa: 10 c., 7 Tabi., 3 puc., 30 mxepert.

IcTopia nuranna. CoopT — Ba)K/IMBa YaCTMHA XKUTTA 3HAUHOI YaCTMHM Hace/leHH:A. IIpoTe iHTEeHCUBHMIT TPEeHYBaTbHMII
NIpOIIeC, BUCOKMII PiBEHDb (bisl/mHMX Ta IICUXOEMOLIIIHMX HaBaHTa)KEHb iCTOTHO 3BY>KYIOTb CIIEKTP MOXK/INBOCTEN [/ BceOiYHOrO
0COOMCTICHOTO PO3BUTKY CIIOPTCMEHIB Ta OOMEXYIOTD iXHIO iHTerpaniio B couianbHe cepepoBuie. CyKyIHICTh IMX YMHHMKIB
(bopMye KOMIUIEKCHI BUK/IMKM [JIs1 IPOLeCiB COLia/IbHOI afjanTaliii, 1[0 HabyBaloTbh 0COOMMBOI aKTYaIbHOCTI B I1epiofi IIepexXony
Bifl aKTMBHOI CIIOPTUBHOI AiAIBHOCTI IO TOCTKAP EPHOTO €TAITY XKUTTS.

Merta gocnigKeHHsA NOJATaNA y 3iliICHEHH]I I'PYHTOBHOTO Ta KOMIUIEKCHOTO aHa/li3y piBHA 06isHaHOCTI (baxiBuiB C(bepm
(isMYHOI KY/IBTYpM Ta CHOPTY LIOAO CYTHOCTI COLiaNbHOI afjalTallil CHOPTCMEHIB, a TAKOX ifeHTM(iKalliA KITI090BUX Ipob/IeM, 3
AKVMM CTUKAIOTbCA aT/IETU B IIPOLEC] iX colliaTbHOI aflanTariii.

Marepian Ta MeTopu. MeTomo0riA BOCTiI)KeHHA I'PYHTyBasIacsA Ha IPOBefleHHi aHOHIMHOTO OH/IaJiH-ONUTYBAHHSA, B AKOMY
B3sM y4acTb 150 daxisuis cdepn disudanoi Kynbrypu i ciopry. Byno 3acTocoBaHO KOMIIIEKC METOHIB, 30KpeMa CHCTeMHMIT aHa-
J1i3, aHaJIi3 1 CMHTE3 HayKOBOI JiTepaTypH, COLII0IOTiYHE ONMTYBAHHA Ta CTATUCTUYHNUI aHaIi3, BKIIOYHO 3 KpUTEPiEM Xi-KBajipaT
(X*) B1s HepeBipKy B3a€MO3B A3KY MiX IpodeciilHuM JOCBIZOM Ta piBHEM 06i3HAHOCTI.

PesynbraTi JOCTiI)KeHHA 3acBifunmny, 10 87.3% pecroH/IeHTIB PO3IIAAAIOTH COLIA/IbHY afjalTallilo CIIOPTCMEHIB sK «0Oes-
YMOBHO, [iy’ke Ba/uBy». Cepel IPOBIIHNX TPYAHOLLIB, 3 SKMMU CIIOPTCMEHM CTUKAIOTHCA Y HpoLieci mpodeciiiHoi Kap’epy,
PecIOH/IeHTY BUOKPeMIIY AMcOamaHC MK CIIOPTYBHOIO ALUIBHICTIO Ta OCBITHIM IpoliecoM (54.5%), a TAKOXK IICUXO/IOTiuHI IIPO-
6memu/ctpec (40.0%). Y mocTkap’ epHUIT epiof KTIOYOBMMM BUK/IMKaMI BY3HAYEeHO IpalleBramTyBaHHA (33.8%) Ta ¢iHaHCcOBi
TpyaHoLi (26.9%), 1110 BUHMKAIOTD B XNUTTi ciopTcMeHiB. Hait6inbur pe3ynrpraruBHMMY (GOPMaMy HiATPUMKI ITOCTCIIOPTUBHOL
afjanTanii CnopTcMeHiB BUSHAHO CIPUAHHSA y IpalleBIallTyBaHHi (cepenniit 6an — 4.3) Ta HafgaHHA (QiHAHCOBOI TOIOMOTH y
po3po6ui BifoBifHNX afganTamiiHux nporpam (cepenHint 6am — 4.0). BogHowac cepen romoBHux 6ap’epis peanisanii mporpam
colia/zibHOI afarTallil Ha3BaHO oOMexxeHe (hiHaHCYBaHHA IX po3poOku Ta peanisanii (37.3%) Ta HefoOCTaTHIl piBeHb 06i3HAHOCTI
CITIOPTCMEHIB IIO0 iCHYIOUMX aflalTaIiifHIX MoXnuBocTelt (19.3%).

BucHoBku. [loCimKeHH MIKPECII0e aKTYaIbHICTD i HEOOXiAHICTh pO3pOO/IEHHS Ta BIIPOBa>KEHH KOMIIIEKCHUX CUCTEM-
HIIX IIPOTPaM COLIia/IbHOI afjalTallii CIIOPTCMEHIB Ha 3araJibHOIEP)KaBHOMY PiBHi B YKpaiHi.

KirouoBi croBa: comianbHa afjanrailis, CIOPTCMeHH, CIIOPTUBHA Kap €pa, MiATPUMKa, BUK/INKH, IIOABIIHa Kap epa.
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Abstract

Background. Regular physical activity offers substantial benefits for older adults. However, it must be varied and
engaging to sustain their participation. Lampleon Ruesi Dadton (LRD), a form of Thai cultural dance, has been
developed as an integrated exercise program specifically tailored for older adults.

Objectives. This pilot study aimed to investigate the effects of LRD on physical health, cognitive performance, and

quality of life (QoL) among eleven older adult women.

Materials and Methods. Participants attended 20-minute LRD dance sessions three times per week for four weeks.
The assessment of physical health, cognition, and QoL was conducted. Physical performance was evaluated using
the Timed Up and Go (TUG) test for balance, two dynamometers to measure handgrip strength and back-and-leg

strength, and the Sit-and-Reach test to assess flexibility.

Results. Significant improvements in physical health were demonstrated by the TUG test (p = 0.014) and Sit-and-
Reach test (p = 0.035). In terms of QoL, notable gains were observed in the social relationship domain (p = 0.008)

and overall QoL (p = 0.010).

Conclusions. The present findings indicate that LRD has the potential to improve physical health and QoL among
older adults. Overall, Thai cultural dance incorporating Ruesi Dadton represents a feasible and promising strategy
for health promotion in this population. Further research, including long-term follow-up and randomized controlled

trials, is warranted to confirm these preliminary results.

Keywords: cognition, dancing, exercise, integrative medicine, physical functional performance, quality of life.

Introduction

Thailand, the second-fastest aging country in ASEAN
(Glinskaya et al., 2021), is prioritizing older persons” welfare
through policies, community-based care, and volunteer-
supported long-term care to address age-related physical
decline, frailty (To et al., 2022), and sarcopenia (Wang,
2024). To counter these declines, international guidelines
recommend regular physical activity as a key strategy for
promoting healthy longevity (Izquierdo et al., 2025).

© Thiantongin, P,, Khanthong, P, Janjang, S., Namboonlue, C.,
Thaotho, S., & Suksai, S., 2025.
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Adequate and appropriate physical activity is linked to
substantial health benefits in this population (Izquierdo et
al.,2021). Even among acutely hospitalized older individuals,
daily physical activity is recommended, including
approximately 40 minutes of light-intensity activity and 25
minutes of moderate-intensity activity (Gallardo-Gémez
et al., 2023). Randomized controlled trials indicate that
dance-based exercise benefits both cognitive and physical
health (Esmail et al., 2020), while systematic reviews and
meta-analyses demonstrate its efficacy in improving muscle
strength, balance, and flexibility in older adults (Hwang &
Braun, 2015; Sooktho et al., 2022).

Cultural dance represents an alternative form of
physical activity that has been widely adopted worldwide
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to promote exercise participation and improve health
outcomes among older adults (Mishra & Shukla, 2022). In
Thailand, cultural dance programs incorporating cognitive
stimulation have been shown to significantly enhance
cognitive performance in this population (Sanprakhon et
al., 2025). Likewise, other Thai cultural dance interventions
have demonstrated beneficial effects on postural control and
balance, highlighting their potential role in fall-prevention
strategies for older adults (Noopud et al., 2019).

Lam Plearn Ruesi Dadton (LRD) is a dance-based exer-
cise program, culturally inspired by Ruesi Dadton postures
and incorporating the Lam Plearn musical style from north-
eastern Thailand. Although Ruesi Dadton exercises have
demonstrated benefits for older adults (Khanthong et al.,
2022), the effectiveness of this recently developed cultural
dance program has not yet been established. Furthermore,
few studies have explored how combining traditional pos-
tures with culturally meaningful music may influence physi-
cal performance, cognitive function, and quality of life (QoL)
in community-dwelling older adults. Addressing this gap, the
present study investigates the short-term effects of LRD over
a four-week intervention, highlighting an approach that inte-
grates cultural health practices with evidence-based strategies
to support healthy aging in culturally diverse populations.

Materials and Methods

Study participants

A single-group, pre-post quasi-experimental study was
conducted in March 2025 among 11 female older adults at
the Older Adults Club of the Ubon Ratchathani Provincial
Administrative Organization. Eligible participants were com-
munity-dwelling individuals aged 60 to 79 years who volun-
tarily provided informed consent. Inclusion criteria required
participants to be able to communicate in Thai, perform in-
dependent self-care, and have no history of regular exercise
prior to enrollment. Exclusion criteria included medical con-
ditions that contraindicated physical activity, such as acute
arthritis or acute coronary artery disease. Individuals with
severe neurological impairments—such as residual deficits
following a stroke—or diagnosed psychiatric disorders were
also excluded. Participants with uncontrolled chronic condi-
tions, including hypertension exceeding 160/90 mmHg, were
considered ineligible. Additionally, participants who attend-
ed fewer than 50% of the scheduled exercise sessions (i.e.,
fewer than six sessions) were excluded from the final analysis.

This study employed a sample size based on recommen-
dations from a previous pilot study (Sarafadeen et al., 2020),
which suggested recruiting between 10 and 12 participants.
Ethical approval was granted by the Human Research Eth-
ics Committee of the Ubon Ratchathani Provincial Public
Health Office (Approval No. SSJ.UB 01.004). Written in-
formed consent was obtained from all participants prior to
recruitment. The study was prospectively registered with the
Thai Clinical Trials Registry (TCTR) under the identifica-
tion number TCTR20250416008.

Experimental Design

The LRD postures were developed based on 15 tradition-
al Ruesi Dadton postures (Khanthong et al., 2024) provided

by the Thai Ministry of Public Health. Figure 1 presents the
structure of the LRD dance exercise, which consisted of three
phases: warm-up, main dance exercise, and cool-down. The
warm-up phase comprised seven movements adapted from
the northeastern Thai dance style, including pumping fists,
side-front arm swings, arm wiggles, trunk twists, body percus-
sion, forward pinch, and pinch circle. The main dance exercise
phase was divided into five segments, each incorporating three
Ruesi Dadton postures synchronized with the song lyrics and
repeated twice, including a reprise of the warm-up postures.
The cool-down phase consisted of five Ruesi Dadton postures
performed with verbal guidance to promote deep breathing.

1 TWAar 1
IR LR
‘ - 2~ 2 a '. vij & & & -’a.:,}.
v;? ANA i “ Ay 1A
TR AT S

Fig. 1. Lam Plearn Ruesi Dadton dance protocol

Study procedure

Outcome measurements were collected before and after
participation in the LRD dance exercise program. The inter-
vention began with a three-day training course that provided
participants with essential knowledge on physical exercise for
older adults, the Lam Plearn rhythm and dance style, and
Ruesi Dadton exercises. Eleven participants took part in the
LRD intervention, which consisted of 20-minute sessions held
three times per week (Monday, Wednesday, and Friday) over
four consecutive weeks at 8:30 a.m. Each session was guided by
an instructor with visual support from a recorded Lam Plearn
Ruesi Dadton instructional video projected on a screen.

The LRD were performed at an intensity corresponding
to 40-60% of each participant’s maximum heart rate
(HRmax). Exercise intensity was monitored and controlled
using a Heart Zones device (Rhythm+2.0; Scosche
Industries, PR.C.). The training program was conducted
without implementing exercise progression. Posture and
rhythm were supervised and corrected by the researchers
(PK and PT) to ensure proper technique. All sessions were
conducted in a safe environment with drinking water
available at all times. The exercise sessions were conducted
at the Center for the Promotion and Development of Older
Adults’ Well-being, Ubon Ratchathani Rajabhat University,
which is located in close proximity to the university’s Thai
Traditional Medicine Clinic to ensure participant safety.

Measurements

1. Physical assessments

Four physical assessment stations—balance, grip strength,
leg press, and flexibility—were administered sequentially. Each
assessment was performed three times, with a two-minute rest
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between trials. All evaluators held degrees in health sciences
and were trained by the researcher (PK), a physical therapist.
The Timed Up and Go (TUG) test was employed to evalu-
ate dynamic balance. A 3-meter path was clearly marked on
the floor with directional arrows, and a pillar was positioned
at the turnaround point to guide movement. A Thai traditional
medicine student provided standardized instructions and dem-
onstrated the procedure to ensure participants fully understood
the protocol. The stopwatch was activated as the participant rose
from the chair, walked 3 meters, turned at the designated point,
and returned to sit down. Timing was stopped once the partici-
pant was fully seated, and the duration was recorded in seconds.
The fastest time from the three trials was used for analysis.
Grip strength was measured using a hydraulic hand dy-
namometer (model J00105, Lafayette Instrument Company,
Lafayette, IN, USA). The test was performed on the dominant
hand. Participants were seated with their forearm positioned
close to the body, the elbow flexed at 90 degrees, and the wrist
maintained in a neutral (mid-prone) position. The highest
grip strength value from the trials was recorded for analysis.
The Backand Leg Strength Dynamometer (Back-A Takei
Physical Fitness Test; model T.K.K. 5002, Japan) was used to
assess the back-and-leg strength ratio. Participants stood on
the platform with their knees flexed at approximately 110°,
grasped the handle, and exerted maximal force through their
legs. The highest force output (in kilograms) was recorded
and then normalized by dividing it by the participant’s body
weight (in kilograms), resulting in a dimensionless ratio.
Sit-and-Reach box (Model 383040, Grand Sport, Thai-
land) was used to measure the flexibility of the lower back and
hamstrings. Prior to testing, participants completed a standard-
ized warm-up consisting of a 10-minute easy-paced walk and
four static stretching exercises targeting major muscle groups.
Each stretch was held for 10 seconds and repeated twice. The
stretches included a standing quadriceps stretch, hamstring
stretch, chest stretch, and side bend stretch. After the warm-up,
participants sat on the floor with their legs fully extended and
the soles of their feet flat against the Sit-and-Reach box, posi-
tioned firmly against a wall. With hands overlapping, they were
instructed to slowly reach forward as far as possible without
bending their knees, pushing the measurement slider forward.
The final position was held for two seconds, and the maximum
reach distance was recorded in centimeters.

2. Cognitive assessments

Cognitive function was assessed by an experienced
psychiatrist using three standardized tools: Verbal Fluency
(VF), Trail Making Test Part A (TMT-A),and Part B (TMT-B).
The VF test evaluated memory function by instructing
participants to name as many animals as possible within
one minute. The TMT-A and TMT-B, using the TMT-Thai
Modification version (Chompukum & Wongphaet, 2007),
assessed executive function; participants were required to
connect a sequence of numbers (TMT-A) and to alternate
between numbers and letters (TMT-B). The psychiatrist
provided standardized instructions for each task and
recorded completion times in seconds using a stopwatch.

3. QoL

The Thai abbreviated version of the World Health
Organization Quality of Life questionnaire (WHOQOL-

BREF-THAI) comprises 26 items, assessed using a
5-point Likert scale ranging from 'mone' to 'very much.'
The items are distributed across four domains: physical
health, psychological well-being, social relationships, and
environmental conditions (Mahatnirunkul et al., 1998). Each
domain is categorized into three levels—low, average, and
good—based on specific score ranges. For the physical health
domain, scores of 7-16 indicate a low level, 17-26 an average
level, and 27-35 a good level. The psychological domain is
classified as low (6-14), average (15-22), and good (23-30).
The social relationships domain is categorized as low (3-7),
average (8-11), and good (12-15). For the environmental
domain, scores of 8-18 indicate a low level, 19-29 an average
level, and 30-40 a good level. The total score, ranging from
26 to 130, is similarly divided into low (26-60), average (61—
95), and good (96-130) levels of overall quality of life.

Statistical analysis

Data were analyzed using Jamovi (version 2.2.3.0).
Normality was assessed with the Shapiro-Wilk test, which
indicated non-normal distributions for most variables;
therefore, non-parametric tests were applied. The Wilcoxon
signed-rank test evaluated pre-post differences, and
effect sizes were reported as rank-biserial correlations (r),
interpreted as small (0.1), medium (0.3), and large (0.5).

Results

Firstly, all participants were informed about the
intervention and provided written informed consent prior
to enrolment. Twelve participants met the eligibility criteria,
but one left for another province after two weeks and was
excluded. The socio-demographic characteristics of the
remaining 11 participants are presented in Table 1.

Table 1. Socio-demographic characteristics of the
participants (n = 11)

. Frequency (%),

Variable Mean + SD
60-64 2(18.2)
65-69 2(18.2)
Age (year) 70-74 3(27.3)
75-79 4(36.4)
Single 2(18.2)
Marital status Widowed 5(45.4)
Married 4 (36.4)
. Bachelor’s degree 7 (63.6)
Educational level Graduate education 4 (36.4)
None 3(27.3)

Occupational status

Retired government officials 8 (72.7)

Occasionally 3(27.3)
Social activities

Regularly 8 (72.7)

Occasionally 6 (54.5)
Exercise frequency

Regularly 5 (45.5)

Occasionally 8(72.7)
Religious activities

Regularly 3(27.3)
Number of regularly taken medications 1.91 +1.81
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Table 2. Pre-and post-assessment of physical and cognitive performance (n = 11)

(Mean + SD)
Variable 95% CI p r
Pre Post Change score A (% Change)
TUG (s) 8.76 £ 0.99 8.10+0.79 0.66 +0.73 8.39 £ 0.09 0.10, 1.12 0.014* 0.818
Grip strength (kg) 2570 £4.45 2540+£533 -036+2.80 -1.53%0.11 -3.00, 3.50 0.734 0.179
Back-and-leg strength ratio 7950 £18.6  83.00£23.90 0.06 +0.32 536+0.23  -15.00,6.75 0.286 -0.379
Sit-and-Reach (cm) 10.60 £ 6.45 11.90+6.17 127 £1.62  23.41+0.32 -3.50, 1.00 0.035% -1.000
VF (words) 18.50 £3.27  20.50 +4.18 200+3.92 12.63+£0.24 -5.50, 1.00 0.138 -0.545
TMT-A (s) 47.10 +£26.00 44.00 £15.80 3.09+24.02 8.44+0.47 -9.00,23.00 0.700 -0.152
TMT-B (s) 109.00 £ 47.60 123.00 +44.60 14.55+39.10 -8.46+0.33 -46.00,13.00 0.221 -0.455

* showed statistically significant results (p < 0.05). Note: a positive change score indicates improvement. SD = standard
deviation; CI = confidence interval; r = Rank biserial correlation from Wilcoxon signed-rank test; TUG = Timed Up and
Go; kg = Kilograms; BW = Body weight; VF = Verbal Fluency; TMT-A = Trail Making Test Part A; TMT-B = Trail Making

Test Part B

Table 3. Pre- and post-assessment of QoL domains and overall score (n = 11)

(Mean * SD)
QoL domain 95% CI P r
Pre Post

Physical health score 27.50 £3.17 29.50 + 2.84 -5.00, 1.00 0.196 -0.455
level Good Good

Psycho-logical score 25.20 +2.56 27.00 +2.49 -4.00, 0.50 0.084 -0.667
level Good Good

Social relation-ship score 11.70 = 1.56 13.60 £ 1.12 -3.00, 2.00 0.008* -1.000
level Average Good

Environ-mental score 32.80 +2.75 34.20 +2.89 -4.00, 1.00 0.148 -0.527
level Good Good

Total score 105.00 £7.76 114.00 £ 7.13 -14.00, 4.00 0.011* -0.879
level Good Good

* showed statistically significant results (p < 0.05). Note: QoL = quality of life; SD = standard deviation; CI = confidence
interval; r = Rank biserial correlation from Wilcoxon signed-rank test; QoL = Quality of life

The physical and cognitive performance outcomes are
summarized in Table 2. Significant improvements were
observed in the TUG test (p = 0.014, r = 0.818, 95% CI [0.10,
1.12]) and the Sit-and-Reach test (p = 0.035, r = -1.000, 95%
CI [-3.50, 1.00]). The TUG demonstrated at 8.39 + 0.09%
improvement in delta change scores, while the Sit-and-
Reach test showed the highest delta change at 23.41 £ 0.32%.
Cognitive performance outcomes did not reach statistical
significance; however, a large effect size was observed for the
VF test (r = —0.545), which demonstrated a 12.63 + 0.24%
improvement in delta change scores.

All QoL domains demonstrated medium to large effect
sizes, with significant differences observed in the total
QoL score and the social relationships domain (Table 3).
Additionally, the social relationships domain improved from
an average to a good level, with the highest effect size among
all domains.

Discussion

The present study found that participation in LRD
dance-based exercise for 20 minutes, three times per week

over a four-week period resulted in significant improvements
in dynamic balance, flexibility, and QoL among older adult
women. Although the improvement in VF did not reach sta-
tistical significance, the large effect size indicates a potential-
ly meaningful cognitive benefit. These outcomes align with a
mechanistic framework suggesting that regular participation
in dance enhances physical function, stimulates cognitive
processes, and supports social connection (Rice et al., 2025).

For physical health outcomes, balance, strength, and
flexibility were evaluated. Dynamic balance, as measured by
the TUG test, showed a statistically significant improvement
with alarge effect size. This enhancement is likely attributable
to the continuous and rhythmic movements characteristic
of LRD, which may directly improve functional mobility.
Previous systematic reviews and meta-analyses have
demonstrated that dance-based exercise significantly
improves TUG performance (Mattle et al., 2020) and may
contribute to reducing fall risk (Li et al., 2024) and fall
incidence (Liu et al., 2021) among older adults.

No significant changes were observed in grip strength
or back-and-leg strength ratio following the intervention.
Consistent with a previous study on Ruesi Dadton,
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participants maintained, rather than improved, grip strength
after a three-month intervention, whereas the control group
showed a significant decline (Khanthong et al., 2021). A
medium effect size was observed for back-and-leg strength
ratio, while grip strength showed a small effect size. These
findings are supported by systematic reviews and meta-
analyses indicating that dance-based interventions in older
adults generally improve lower-body strength but have
limited effects on upper-body strength (Mattle et al., 2020).

The Sit-and-Reach test showed a statistically significant
improvement, accompanied by a large effect size. This
gain may be attributed to the inclusion of specific Ruesi
Dadton postures, particularly those performed during
the cool-down phase. Similar improvements in flexibility
among older adults have been observed in previous studies
involving Ruesi Dadton (Khanthong et al., 2021, 2022) and
cultural dance interventions (Douka et al., 2019).

Three questionnaires were used to assess executive
function: VE, TMT-A, and TMT-B. Although none of the
changes reached statistical significance, VF demonstrated
a large effect size and the highest percent change compared
with TMT-A and TMT-B. These findings suggest a potential
improvement in cognitive outcomes, which is supported
by systematic reviews and meta-analyses indicating that
dance interventions may enhance global cognitive function
and executive function in older adults adults (Predovan et
al,, 2019; Hewston et al., 2021), including those with mild
cognitive impairment (Huang et al., 2023).

Statistically significant improvements in QoL were
observed only in the social relationships domain and the
total QoL score. Nevertheless, large effect sizes were observed
across all domains, except for physical health, which showed
a medium effect size. The greatest improvement occurred in
the social relationships domain, likely reflecting the frequent
interpersonal interactions participants experienced during
the program. These findings correspond with systematic
reviews indicating that dance-based exercise can enhance
QoL and promote physical activity among older adults
(Lu et al., 2024). Furthermore, such interventions have
been reported to improve emotional and social well-being,
particularly by strengthening interpersonal connections that
may help mitigate loneliness (Fonseca et al., 2025).

This study has several limitations. First, the small
sample size and short intervention period may have limited
the ability to detect statistically significant effects. Second,
the absence of a control group and the lack of blinding may
have introduced potential biases, including expectancy and
placebo effects. Third, the relatively low exercise volume—20
minutes per session, three times per week, totaling 60
minutes—may have been insufficient to elicit measurable
changes. Future studies should employ larger sample sizes,
adopt randomized controlled trial designs, and investigate
the impact of varying exercise volumes.

Conclusions

In conclusion, the findings suggest that LRD is a feasible
intervention for improving physical performance and QoL
in older adults. While cognitive improvements did not
reach statistical significance, the observed large effect size
for VF indicates a potential benefit that deserves further
investigation.
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TancbKnin KynbTypHUN TaHeLb B KOMbGiHauii 3 Ruesi
Dadton (TpaguuinHnmmn Tancbkumm BnpaBamun): Bnnns
Ha ¢pisnuyHe 340pOB’A, KOrHITUBHY NpaLes3faTHiCTb

Ta AKiCTb XXMTTA B 0Ci6 noxXxmunoro BiKy

1ABCD

IMiTyanan TiaHTOHIIH , [IxakcayinxoH Xantxour'*5PE, Cipisan [[>xanmxanr'®>,
“ 2BD

YaitaBar Ham6ynnye'®”, Caitpi Taoro'®P, Cypacak Cykcaii

'YuiBepcurer Pamkabxar Yoou Parvyarxani
*JlikapHs COpUsAHHA 310poB 10 rpoMaay Bau Xya JloH

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

Pedepar. Crarts: 7 ¢., 3 Tabn., 1 puc., 28 mxepernt.

Icropisa nmuranHa. PerynsgpHa ¢isuuHa aKTUBHICTD IIPOIIOHYE CYTTEBI IepeBaru i oci6 moxmioro Biky. OfHak, o6 3a-
6e3mevynTy 3ay4eHICTh JaHOI KaTeropii 0ci6 1o 3a3HAUYEHOTO IPOIIeCy, TaKa AiAIbHICTb Ma€ OYTM Pi3HOMaHITHOIO Ta IiKaBOIo.
Lampleon Ruesi Dadton (LRD) — ¢opma Taiicbkoro Ky/JIbTypHOTO TaHI[IO, sIKa po3pobjieHa sIK iHTerpoBaHa Imporpama BIIPaB,
Criellia/IbHO aJjallTOBaHa [/ 0Ci6 IIOXM/IOTO BiKYy.

MeTta gocmimKeHHsI. MeTO 1IbOTr0 MiIOTHOTO JOCTiIKEHHS 6y710 BMBYEHHA BIUIMBY MeToauku LRD Ha (isnuHe 370poB’s,
KOTHITMBHY Ipalle3faTHIicTb Ta sAKicTb xuntTa (SDK) cepen oguHaaIATH )KiHOK ITOXWM/IOTO BiKY.

Marepianu Ta MeTOAM. YYaCHUKY BifiBigyBanu 20-XBUIMHHI 3aHATTA 3 TaHII0 LRD Tpudi Ha TYOKJEHD IPOTATOM YOTUPHOX
TYDKHIB. IIpoBeieHo OLiHKY (i3M4HOro 300pOB A, KOTHITMBHMX QYHKLiN Ta AKOCTI XUTTA. Pi3y4Hy NpanesgaTHICTD OLiHIOBaIN
3a JI0IIOMOTOI0 BUKOpUCTaHHs TecTy «Beransp Ta ity» (Timed Up and Go, TUG) a1 nepeBipku piBHOBaru, ABOX AMHAMOMETPIiB
WA BUMIpIOBaHHA CH/IM XBaTy KMUCTell PyK Ta CMJIM CIMHY i Hir, a Takox Tecty Sit-and-Reach (srunanHs Tyny6a Briepef, cupadn
Ha ITifI7T031 3 BUTATHYTUMM BIIEpef, PyKaMIf) 3 METOI0 OL[iHKV THYYKOCTI.

PesynbraTu. 3HauHi MOJIiNIIEHHA TOKa3HMUKIB (GisMYHOr0 30POB’ s IPOJEMOHCTPOBaHO 3a foromoroo Tecty TUG (p = 0.014)
i Tecry Sit-and-Reach (p = 0.035). IIlo cTOCYETbCA AKOCTI XKUTTH, IOMITHI ITIOKpallleHH:A CIOCTepiraancs B ralysi CoIianbHIUX Bifl-
HocyH (p = 0.008) i 3aranpHoI sikocTi >xutTs (p = 0.010).

BucnoBku. OTpuMaHi pe3y/nbTaTi CBif9aTh IIPO IHOTEHIIiasI 3acToCyBaHHA MeTofuKu LRD y nosinienHi ¢gisudHoro 3gopos’s
Ta SIKOCTI KUTTS Ceper TIofiel IIOXIIOTO BiKy. 3arajzoM, TaliChbKIil KY/IbTYPHIUI TaHelp, 1o BKIodae Ruesi Dadton, € goripHOM0
Ta MepCHeKTUBHOI0 CTpaTerielo 0fj0 3Mil{HeHH: 3[0pOB s i€l IpyIu HaceleHH:A. [I/IA MiATBep/KeHH: 3a3HaUeHNUX MOMepeHixX
pe3ynbrariB HeOOXifHI MOAIbIII FOCTIIKEHH, BK/IIOYAI0YN JOBIOCTPOKOBE CIIOCTEPEKEHHs Ta PaH/IOMi30BaHi KOHTPO/IbOBaHI
BUIIPOOYBAaHHS.

Kirouosi croBa: KorHiris, tanii, ¢pisndHi BpaBy, iHTerpaTuBHa MeguLMHa, QisndHa (dyHKI[iOHaTbHA MTpalle3laTHICTD,
SAKICTB XKUTTA.
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Abstract

Background. Yoga has received a lot of focus as a holistic training method combining physical, psychological, and
cognitive development, although there is still a lack of controlled evidence in women’s competitive team sports.
Objectives. This study aimed to evaluate the impact of an eight-week structured yoga intervention on cognitive focus,
psychological resilience, perceived stress, and functional performance of collegiate women’s basketball players.
Materials and Methods. A total of thirty athletes (aged 19-24 years) were randomly divided into an Experimental
Group (yoga + routine training) and a Control Group (routine training only). Cognitive (d, Test of Attention),

psychological (CD-RISC-10, PSS-10), and physical (vertical jump, sprint, agility) outcomes were assessed before and
after the intervention. Data analysis was performed using mixed ANOVA and confirmatory ANCOVA with baseline
covariates. Effect sizes (Cohen’s d, partial n°), along with 95% confidence intervals, were calculated, and the p-values

were adjusted according to the Benjamini-Hochberg false discovery rate (FDR) method.

Results. For cognitive focus (p <.001), resilience (p = .004), stress reduction (p = .002), and agility (p =.011),
significant Group x Time interactions were noted. ANCOVA verified the strength of these effects, even after
controlling for differences in baseline. PCA revealed two latent dimensions, namely psychological-cognitive and
motor performance, which together accounted for more than 75 % of the variance.

Conclusions. The yoga program markedly improved psychophysiological readiness and functional efficiency in
comparison to routine training. These findings suggest that yoga can be an integrative approach for enhancing

athletes’ performance at the preparation stage.

Keywords: yoga intervention, women athletes, cognitive focus, psychological resilience, functional performance.

Introduction

In sports like basketball, where there is competition,
there is a special blend of physical performance and mental
skills. The athletes maintain their cognitive focus all the time,
control their feelings and prepare the bodies in unpredictable,
sometimes very stressful situations (Birrer & Morgan,
2010). It is even more so in women’s team sports, where
the players sometimes have to face stereotypes based on
gender, psychosocial stressors, or even competing academic
or social obligations (Kavoura et al., 2015; Wachsmuth et

© Vijayalakshmi C, & Saroja S, 2025.

@ PETM
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al., 2018). If these stressors are not handled properly, they
will affect the athletes’ psychological stability and their
performance, thus, an integrative training approach being
suggested. To put it in a different way speaking of basketball,
the best performance is not completely dependent on
physical conditioning and skills but mostly on the mind.
Supporting cognitive factors such as sustained attention,
selection, and arousal control have a very good impact on
the base in conflict and unpredictable situations (Montuori
etal., 2018). Psychologically, a major trait of an athlete can be
the ability to bounce back from stress and thus the athlete’s
response to pressure, recovery from loss, and consistency in
competing over the years will be determined by the athlete’s
resilience (Fletcher & Sarkar, 2012). Interestingly, because
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of the overlapping of the psychological and physical areas,
the majority of training programs seem to be focused on the
acquisition of technical and physical skills with no or very
little mental training (Simonsmeier et al., 2021).

logical needs (Woodyard, 2011). On the other hand,
physical exercise, yoga not only presents but also passes on
its benefits through the regulation of the autonomic nervous
system and the hypothalamic-pituitary-adrenal (HPA) axis
(Pascoe et al., 2017). To mention some, yoga has been seen
to increase vagal tone, activate the prefrontal cortex, and
lower cortisol release, thus treating anxiety and improving
cognitive performance (Gothe et al., 2013; Streeter et al.,
2012). Yoga for athletes is supported by empirical evidence.
Among various benefits, yoga practice has been reported
to provide the most important one-improving flexibility,
balance, and core strength-supporting individual sports
like gymnastics, running, or swimming mainly (Cowen
& Adams, 2005; Polsgrove et al., 2016). The number
of studies involving competitive team-sport athletes is
limited, especially females, who being different from males
in neuroendocrine and psychosocial stress and recovery,
may need a different approach (Miicke et al., 2018). A vast
majority of the studies have been conducted based on a
single-factor framework where only one outcome variable
such as anxiety or flexibility is studied at a time without
considering the complex interaction among cognitive,
emotional, and functional variables characterizing the state
of readiness for the game.

The vacuum in literature offered chance for the newborn
literature to introduce along the way multivariable methods
that would uncover the hidden effects and interaction modes
operating in psychophysiological adaptation (Mullins
et al., 2020). The application of the multivariate methods
such as MANOVA and PCA is helpful in presenting a
more comprehensive picture of the influence of yoga
simultaneously on mental and physical aspects. It is a fact
that this issue comes into play in basketball, where players
switch from high-cognitive workload (e.g., reading plays)
to high-physical-demand (sprinting, jumping) almost
instantaneously (Scanlan et al., 2012). Taking into account
the practical nature of yoga, it is mainly viewed as beneficial
to a team sport setting, allowing for easy time management,
low cost and suitability for different training phases, such
as warm-ups and recovery (Field, 2011). No particular gear
is required; moreover, the intensity of these sessions can
be modified according to the competitive calendar, so they
are extremely accessible for both elite and sub-elite teams
(Gard et al., 2014). However, one of the major limitations of
established literature is the lack of controlled longitudinal
studieswithfemaleathletesemployingmultivariate outcomes.
The majority of studies utilize pre-post single-group designs
without comparison controls which restricts cause and effect
conclusions from such studies (Abdollahipour et al., 2020).
The two-group experimental studies that are well-designed
are still required to determine the effectiveness of yoga in
performance preparation in comparison with the regular
training protocols. Psychological and physical performance
measures that are well-validated and relevant to sports are
also equally important for allowing cross-domain, robust
evaluation (Park et al., 2020).

Therefore, the current research was intended to see
whether an eight-week yoga program would make any

impact on the four major areas of performance in women
basketball players: cognitive focus, psychological resilience,
perceived stress, and composite physical performance
(agility, sprint, and jump). The experiment was conducted
in a two-group controlled trial manner. The Experimental
Group (EG) engaged in yoga in addition to their regular
basketball training, while the Control Group (CG) continued
their regular training without any yoga intervention. All
the outcomes were measured by means of standardized
psychological questionnaires (e.g., the Resilience Scale and
the Perceived Stress Scale) and field-tested performance
which were considered to be valid (e.g., vertical jump and
shuttle run tests). A multivariate approach employing 2x2
mixed ANOVA was used for interaction effect analysis, and
then paired t-tests and effect sizes were further conducted.
Furthermore, principal component analysis was applied to
standardized change scores to uncover latent structures and
Pearson’s correlation was utilized to examine inter-variable
associations.

The authors of this study predicted that the experimental
group (EG) would show large improvements in all of the
covered areas and would also indicate by the end of the study
that stress levels are much lower than the control group
(CG). The multivariate analysis was expected to point out
strong interaction effects among the outlined variables in
the cognitive-emotional-physical domain thus signifying
the integration of psychophysiological adaptation. Besides,
PCA was thought to show interrelated latent dimensions
of psychological readiness and athletic output resulting in
one of the ways that intervention efficacy assessment has
been done for the project. The project intended to add to
applied sport science by offering an evidence-based, easily
replicable intervention for women basketball players.
While comparing a structured yoga protocol with the usual
training, the research will not only look into the effects of
yoga on athletes and the methods of regulating emotions and
thus enhancing performance in a team sport environment
but will also offer practical solutions for athlete preparation.

Materials and Methods

Study Design

In order to verify the effectiveness of the eight-week
structured yoga intervention on psychophysiological and
performance outcomes, a two-arm pre-post experimental
design was utilized for competitive women basketball
players. The participants were randomly assigned to either
an Experimental Group (EG), which was given yoga along
with their routine basketball training, or a Control Group
(CG), which was allowed to continue with its standard
practice schedule. The randomization process was completed
by an independent researcher, who was not involved in
testing or providing the intervention, using a computer-
generated random number sequence (Microsoft Excel
RAND function). Group assignments were kept in sealed
opaque envelopes to secure allocation concealment up to
the time of enrolment. Since the program was behaviour-
oriented, blinding of participants was not possible; however,
all outcome assessors and data analysts were blinded to
group allocation in order to reduce the likelihood of bias.
The assessments took place at baseline and right after
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the intervention employing cognitive, psychological, and
physical performance measures that are standard and under
the same environmental conditions.

Participants and Eligibility

The research involved a total of 30 competitive female
basketball players (ages 19-24), who were recruited from
university teams and randomly distributed into either the
Experimental Group (EG, n = 15) and Control Group (CG,
n = 15). They were paired by age, playing experience, and
baseline scores. The following conditions were applied to
include them in the group: (a) they have not previously
participated in any yoga or mindfulness-based intervention;
(b) their medical records indicate that they are fit for
moderate-to-vigorous activities; and (c) they are willing
to participate in at least 90% of the sessions. The criteria
for exclusion were: (a) an injury to the musculoskeletal
system that occurred within the last six weeks; (b) being
on anxiolytic or psychotropic drugs; and (c) engaging in
any psychological or physical intervention on a structured
basis at the same time. The participants signed informed
consent forms in triplicate. The study was ethically approved
by the Institutional Human Ethics Committee, AUCPE,
Karaikudi, Tamil Nadu, India (Approval No. RC. R1/Ph.D/
R20162276/DC&CV/2021). Informed consent was obtained
in writing from all participants prior to their enrolment, and
all experimental procedures were conducted in accordance
with the principles of the Declaration of Helsinki (2013
revision). Baseline demographic and physical characteristics
for both groups are displayed in Table 1.

Table 1. Baseline Characteristics of Participants in
Experimental and Control Groups

Variable EG(n=15) CG(n=15) ty, p
Age (years) 21.4+12 21.6+13 045 .654
Height (cm) 167.3+£49 166.8+52 0.29 .771
Weight (kg) 61.2+58 605+63 034 .736
Years of basketball training 6.1 + 1.5 63+1.4 042 .678
Weekly practice hours 83+21 8.0+£2.0 0.39 .700

Intervention Protocol

The eight-week yoga intervention was designed in
a progressively evolving manner to produce cumulative
adaptations in the physical and cognitive domains while
ensuring consistency with association-based psychological
engagement (See Table 2).

Outcome Measures

Validated and standardized tools are utilized to evaluate
directly outcome variables throughout the four domains:
cognitive, psychological, and functional performance.
Attention focus was drawn through the d2 Test of Attention
(Brickenkamp & Zillmer, 1998), where Total Performance
(TP) scored theunderliningselectiveattentionand processing
speed. Psychological resilience took its place through the
10-item Connor-Davidson Resilience Scale (CD-RISC-10)
where higher figures meant more emotional adaptability.
Perceived stress was claimed via the 10-item Perceived Stress

Table 2. Structured Yoga Intervention Timeline (8 Weeks, 24 Sessions)

Mindful
Week Session Focus Pranayama Asanas (Postures) indfu IfeSS / Progression Notes
Relaxation
Week 1 Foundation: Breathing Diaphragmatic Tadasana, Vrikshasana, Body scan Introduction to yoga
and Basic Mobility breathing Bhujangasana meditation principles; slow-paced
movements
Week 2 Stability and Balance Alternate nostril ~ Virabhadrasana I &1II, Guided breath Increased hold duration
Trikonasana awareness (10-15 sec); posture
corrections
Week 3 Dynamic Flexibility and  Ujjayi breathing ~ Setu Bandhasana, Mindfulness of Introduction to flow
Core Activation Naukasana, Marjariasana ~ movement sequences; transitions

Week 4

Week 5

Lower-Body Strength and

Recovery

Mental Focus and Full-
Body Flow

Kapalabhati (mild) Utkatasana, Anjaneyasana,

Anulom-Vilom

Week 6 Integrated Core and Bhramari
Balance Control

Week 7 Stress Regulation and Sheetali breathing
Autonomic Reset

Week 8 Consolidation and Practitioner’s
Recovery choice

Supta Padangusthasana

Surya Namaskar (slow),
Virabhadrasana III

Bakasana prep, Ardha

Chandrasana, Salabhasana

Supine twist, Balasana,
Paschimottanasana

Mixed postures based on
participant feedback

Progressive muscle
relaxation (PMR)

Focused attention
training

Visualization
practice

Deep diaphragmatic
relaxation
Self-guided
mindfulness &
journaling

between postures

Increased repetition;
emphasis on alignment

Integration of learned
asanas into continuous
sequences

Hold times increased to
20 sec; minor postural
challenges

Slower tempo; restorative
session emphasis

Recap of full protocol;
emphasis on self-awareness

Note: Each session was ~45 minutes: 10 min Pranayama, 25 min Asana, 10 min Mindfulness.
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Scale (PSS-10), which gauges subjective stress, with high
figures representing the impersonal view of stress (Cohen et
al., 1983). Regarding functional performance, three physical
components were assessed: agility (by the 10m Shuttle Run
Test), explosive power (determined by the Vertical Jump
Test), and sprint speed (via the timing of 30m Sprint Test
using a digital stopwatch). Just as in every case, the outcome
variable measurement was performed by trained assessors
who strictly adhered to standardized protocols. The test-
retest reliability coefficients of all these measures surpassed
the intraclass correlation value of 0.85, thus, temporal
stability was assured. The pre- and post-intervention
evaluations of both the Experimental and Control groups
were performed in identical environmental conditions
to limit the impact of variability. The foremost result was
cognitive focus via d2 Test of Attention, which is time and
again linked to psychophysiological readiness. The other
psychological (resilience, perceived stress) and physical
performance measures (vertical jump, sprint, agility) were
classified as secondary outcomes.

Statistical Analysis

Data were analysed using IBM SPSS Statistics (Version
25.0; IBM Corp., Armonk, NY, USA). Descriptive statistics
(mean * SD) were computed for all measured variables, and
data normality was assessed through the Shapiro-Wilk test.
Homogeneity of variances was verified using Levene’s test,
and equality of covariance matrices was confirmed through
Box’s M test. A two-way mixed-design ANOVA (Group x
Time) was performed to examine within- and between-
group differences across all dependent variables. When
significant interaction effects were identified, Bonferroni-
adjusted post hoc tests were applied to locate pairwise
differences. To account for the multiplicity of outcomes,
p-values were adjusted using the Benjamini-Hochberg
false discovery rate (FDR) procedure, ensuring control
of Type I error. Both unadjusted and adjusted p-values
are presented, with statistical significance interpreted at
an adjusted p < 0.05. To further validate these outcomes,
analysis of covariance (ANCOVA) was conducted for each
dependent variable, incorporating baseline (pre-test) scores
as covariates to adjust post-intervention comparisons. This
approach confirmed the robustness of group effects and
ensured that observed improvements were not influenced
by initial score variability. Effect sizes were expressed as
partial eta squared (n°) for ANOVA models and Cohen’s d
with 95 % confidence intervals for within-group pre-post
changes, applying Hedges’ g correction for small sample
bias. Effect sizes were interpreted as small (> 0.20), medium
(= 0.50), and large (= 0.80). All analyses were two-tailed,
and results are presented as mean differences with associated
significance levels and confidence intervals.

Results

Data analyses were carried out where it was evaluated
the impact of eight-week yoga intervention on cognitive,
psychological and physical performance outcomes of
Experimental Group and Control Group as well. All the
variables were found to be normally distributed and had
equal variances. A 2 x 2 mixed ANOVA showed significant

interaction effects for Group x Time in a moderate number
of outcome measures, which indicated that the changes in
the groups were different. The differences pre- and post-
intervention within groups were then investigated by using
paired t-tests.

Table 3. Pre-Post Descriptive Statistics and Paired t-Test
Results for Experimental and Control Groups

Variable Group (MP;;D) (MP-l_(-)sStD) P
Cognitive Focus EG 7124 +64.1 652.2+56.3 5.37 <.001
(ms) CG 710.1+60.7 702.3+59.5 1.02 .319
Resilience Score EG 613+46 68.8+42 6.12<.001

CG 609+42 624+43 143 .169
Perceived Stress EG 21.7+51 154+47 5.89 <.001
(PSS) CG 222454 209+56 112 271
Vertical Jump EG 27540 318+43 4.55<.001
(cm) CG 272+45 286+48 214 .048
20-m Sprint (sec) EG 3914021 3.78+0.18 3.63 .003

CG 390+0.20 3.87+0.22 0.88 .389
Agility (sec) EG 1092 +0.54 10.26 £ 0.50 4.91 <.001
CG 10.94+0.50 10.77 £0.48 1.53 .145

Note. EG = Experimental Group; CG = Control Group. t4 values
are based on paired samples t-tests within each group.

This experimental research yielded results in which
differences were discovered between the Experimental
Group (EG) and the Control Group (CG). The former
performed an 8-week yoga intervention in conjunction with
the basketball training that they regularly attended, while
the latter continued their regular exercise without yoga. The
differences, illustrated in Table 3, show a significant increase
of the EG from the pre-test to the post-test in all the variables
measured: cognitive focus support (p <.001), resilience (p <
.001), perceived stress (p < .001), vertical jump (p < .001),
sprint speed (p = .003), and agility (p < .001). Conversely,
the CG experienced a small but significant gain in vertical
jump (p = .048) while other changes did not attain statistical
significance, thereby indicating that the natural training
effect without any intervention was limited.
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Fig. 1. Pre-Post Comparison of Cognitive, Psychological, and
Performance Outcomes Across Groups
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Table 4. Mixed ANOVA Results and Effect Sizes (Cohen’s d, 95 % CI) for Group x Time Interactions

Variable F (1,28) P n’ Cohen’s d (95 % CI) EG Cohen’s d (95 % CI) CG
Cognitive Focus (d2 TP Score) 12.76 <.001 31 1.28 (0.82 - 1.74) 0.19 (-0.25 -0.63)
Resilience Score 9.84 .004 .26 1.11 (0.68 -1.53) 0.35 (-0.11 - 0.80)
Perceived Stress (PSS-10) 11.13 002 28 1.32 (0.84 -1.80) 0.24 (-0.20 -0.68)
Vertical Jump (cm) 5.72 .024 17 0.95 (0.51 -1.38) 0.42 (-0.06 -0.89)
20-m Sprint (sec) 391 057 13 0.81 (0.36 -1.26) 0.18 (-0.28 -0.63)
Agility (sec) 7.21 .011 21 1.04 (0.59 -1.48) 0.31 (-0.14 -0.75)

Note. EG = Experimental Group; CG = Control Group; n> = Partial Eta Squared. Cohen’s d values indicate within-group pre-post change
magnitude with 95 % confidence intervals (Hedges' g correction applied for small sample bias). Higher d2 Total Performance Scores

represent better cognitive focus

Figure 1 shows the standardized effect sizes (Cohen’s d)
for the pre-post intervention changes in the Experimental
Group (EG)and Control Group (CG) in the cognitive focus,
psychological resilience, perceived stress, and functional
performance domains. Among the EG, the effect sizes were
large and significant across all variables, especially in the
cognitive focus (d = 1.84) and resilience (d = 1.71). The stress
reduction effect was also large (d = -1.45), showing that the
perceived stress levels had been significantly reduced after
the intervention. Functional performance also showed very
large effects (d = 2.03) in the EG. On the contrary, the CG
reported negligible to small effect sizes in focus (d = 0.27),
resilience (d = 0.16), stress (d = -0.22), and performance (d
= 0.35), suggesting that even though routine training kept up
psychophysiological functions to some extent, the functions
did not gain significantly through the intervention period.
These comparisons of effect sizes between the groups add
weight to the argument for the yoga-based protocol to be the
best choice for the improvement of the mental and physical
states mostly in competitive female basketball players.

Table 4 shows the output of the mixed ANOVA that
the Group x Time interactions were significant for most
outcome variables, thereby indicating that the Experimental
Group (EG) outperformed the Control Group (CG) in the
end of the intervention period of eight weeks. The interaction
effect was the largest for cognitive focus as indicated by a
huge increment in d2 Total Performance scores (n*> = .31, p
<.001, d = 1.28 [0.82-1.74]), giving strong challenges to the
attentional control of the EG. The same was true for resilience
(0> =.26,p=.004,d = 1.11 [0.68-1.53]) and perceived stress
which dropped significantly in the EG (n* = .28, p =.002, d
= 1.32 [0.84-1.80]). Also functional performance variables
improved, with the moderate-to-large gains in vertical jump
and agility while sprint time got close to but not statistically
significant difference (p = .057). On the other hand, the
CG showed difficulties in the areas of effect sizes that were
negligible to small across all domains. These outcomes
together demonstrate the strong multivariate effect of the
structured yoga intervention, thus drawing attention to its
psychological and motor performance impact on female
basketball players in competition.

The Experimental Group (EG), as depicted in Figure
2, manifest consistent large effect sizes in all areas and
the most cognitive focus, resilience and stress reduction
being the areas of highest improvement (d = 1.11-1.32).
Besides, the vertical jump and agility showed moderate-
to-large gains, and sprint time changes were lower but still

| EEm Experimental Group

—7
——

0.0 0.5 1.0 15
Cohen’s d (Effect Size)

Vertical Jump -

Perceived Stress -

Resilience -

Cognitive Focus -

Fig. 2. Standardized effect sizes (Cohen’s d, 95% CI) for pre-post
changes across cognitive, psychological, and functional outcomes
in Experimental (EG) and Control (CG) groups

positive. The Control Group (CG) was, however, only able
to exhibit negligible to small effects across measures. This
visual outline gives more support to the yoga intervention’s
wider psychophysiological benefits and its being the best
among others. Participant adherence was throughout the
intervention remarkably high. According to attendance
records, the Experimental Group (EG) achieved an average
compliance rate of 92 % (+ 1.1), while the Control Group
(CG) had 97 % (% 0.7). Individual and group-level session
data are summed up in Appendix Table Al, confirming
that the participants attended over 85 % of the scheduled
24 sessions ensuring reliable exposure to the intervention.
The weekly training load profiles which were calculated
by the session-RPE method (Foster et al., 2001) showed a
progressive adaptation pattern in the Experimental Group
with mean loads rising from 278 + 35 AU in Week 1 to 312 +
40 AU in Week 8. The Control Group on the other hand kept
their loads stable across the same period with a range of 260-
275 AU. The data presented in Appendix Table A2 reflect
that yoga participants managed their workload consistently
and undergoing progressive physiological conditioning.
Correlation testing carried out on the scores after the
intervention (Table 5) showed a medium to strong negative
correlation between two sets of variables-stress versus
resilience (r = -.71); as well as stress versus cognitive focus (r
= -.64). Moreover, the correlation analysis showed moderate
positive links between resilience and some physical
performance parameters, i.e., vertical jump (r = .39) and
agility (r = -.47). The findings appear to support the notion
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Table 5. Pearson Correlation Matrix (Post-Intervention
Values)

Variable Focus Resilience Stress VJ Sprint Agility
Focus 1.00 58 64 43% -49*  -53%
Resilience 1.00 -7 39 -45% -47*
Perceived Stress 1.00 -36 42 39*
Vertical Jump (V]) 1.00 -.51*% -47*
20-m Sprint 1.00 .63
Agility 1.00

Note: p <.05 (*), p <.01 (**)

that psychological and physical readiness in athletes are
interconnected, thus advocating for the use of mind-body
integrative practices.

Table 6. Principal Component Analysis (PCA) Loadings of
Change Scores

Component 1 Component
Variable (Ps choI-)Co nitive) 2 (Motor-

Y 8 Performance)
Cognitive Focus -.81 .23
Resilience .79 17
Perceived Stress -.76 =22
Vertical Jump .33 .83
20-m Sprint -.29 -.79
Agility -4l -75
Eigenvalue 291 1.69
% Variance Explained 48.5% 27.9%

Note. Extraction method: Principal Component Analysis.
Rotation method: Varimax with Kaiser Normalization. Only
loadings > |0.70| were interpreted as significant contributors to
component structure.

Following the same pattern as seen in Table 6, the PCA
technique was able to extract two components, which in to-
tal explained 76.4% of the variance in the change scores. The
first component (Psycho-Cognition) had very high loadings
with Cognitive Focus (-.81), Resilience (.79), and Perceived
Stress (-.76), indicating that the main factor underlying psy-
chological improvements was self-regulation and attentional
control. The second component (Motor Performance) re-
ceived very strong positive loadings from Vertical Jump (.83)
but negative loadings from 20-m Sprint (-.79) and Agility
(-.75), thus showing the gains in physical performance. The
splitting up of these dimensions supports the idea that psy-
chophysiological adaptations resulting from yoga interven-
tion may manifest through distinct but synergistic ways.

Discussion

The current research work determined the impacts of a
structured yoga intervention of eight weeks on cognitive, psy-
chological, and functional performance of collegiate women
basketball players. The findings indicated that the Group x
Time interaction effects were significant for most of the out-
come variables, thus confirming the fact that the experimen-
tal group showed greater progress compared to the control
group. To be more precise, the cognitive focus, resilience, and
stress reduction large gains were accompanied by the vertical

jump and agility performance moderate-to-large improve-
ments. The above-mentioned results support the idea that
yoga training can develop psychophysiological and neuro-
muscular adaptations that are athlete readiness friendly, which
is in line with earlier studies connecting yoga to the improved
attentional control, mental resilience, and emotional regula-
tion (Cramer et al., 2013; Gothe et al., 2013; Tang et al., 2015).

The notable increment in d, Total Performance scores
points out the role of yoga in the areas of executive attention
and cognitive efficiency. This increase corresponds with the
reports that yoga increases the prefrontal cortex activity and
the parasympathetic nervous system dominance, which lead
to better concentration and the ability to perform tasks over
an extended period (Cahn et al,, 2017; Tang et al., 2015).
Likewise, a combination of less perceived stress and more re-
silience scores could be interpreted as an indication of better
self-regulation and emotional stability, which may be the re-
sults of neuroendocrine adaptations and a lowering of sym-
pathetic arousal (Pascoe & Bauer, 2015; Streeter et al., 2012).
As far as the link between the present findings and those re-
lating to non-competitive female athletes is concerned, yoga’s
non-conditioning function in mental restoration and physi-
ological conditioning is highlighted. In terms of functional
performance, agility and vertical jump improvements are a
result of better motor control, and flexibility and stability
of the core, which are attributed to both static and dynamic
yoga postures (Hagins et al., 2007). The change in perfor-
mance profile, although slow trend toward improvement in
sprint performance (p = .057), indicates that there has been
a transfer effect in the area of movement efficiency. What is
more, the ANCOVA results have shown that the aforemen-
tioned improvements continued to be statistically signifi-
cant even after making the necessary adjustments for initial
scores, a situation that would have biased the outcomes had
there been some initial differences between the groups. Ad-
ditionally, the very large effect sizes (Cohen’s d > 0.8) across
the cognitive and psychological domains highlight the prac-
tical importance of such findings in terms of their presence
beyond the boundaries of statistical thresholds. The lasting
significance after Benjamini-Hochberg FDR correction also
confirms the strength of the observed effects.

Limitations

The limitations, however, still need to be recognized, even
though the outcomes are quite promising. The relatively small
sample size (n = 30) could be a limitation to the stability of
multivariate analyses particularly the PCA results which can
be adversely affected by the sample size if numerous factors
are extracted. Uncontrolled external factors like academic
workload, diet, and menstrual cycle phase, among others,
may have had a say in the physiological and psychological
responses as well. The intervention length was adequate to
bring about changes; however, it did not allow for the captur-
ing of long-term adaptations or seasonal fluctuations in per-
formance. Thus, larger, gender-diverse samples and longitu-
dinal designs should be employed in future studies to evaluate
the effects’ sustainability and ecological validity. The inclusion
of complementary physiological markers such as HRV, cor-
tisol, or neurocognitive indices would also enhance the un-
derstanding of yoga’s mechanisms in sport-specific contexts.

All things considered, the results of this study are strong
supportinthe form of empirical evidence that structured yoga
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training brings about very substantial psychophysiological
and functional benefits in female basketball players who take
part in competitions. The outcome gives a green light to
the incorporation of yoga as a training adjunct that is non-
invasive and has a holistic approach to the enhancement
of both mental resilience and performance readiness at the
collegiate sport environments that are low-cost.

Conclusions

The current study gives strong proof that a well-
structured yoga program can significantly improve
competitive female basketball players’ psychophysiological
and functional performance. The intervention brought
about great changes in mental focus, patience, and stress
management, also causing large improvements in agility
and vertical leap performance. The yoga practice in this
study helped to build up mental and physical performance,
which is why such an integrative conditioning approach
can be used in sports. The results kept their statistical and
practical significance even after the multiple comparisons
correction, showing the reliability of the effects that were
noticed. The study is limited to generalization of results only
to comparable collegiate female populations; however, it
very much affirms yoga’s potential as a cheap, low-risk, and
holistic method for optimizing athlete readiness. Further
studies in this area should focus on males as well as females,
different levels of competition, and seasonal conditions of
gymnastic practice to evaluate if yoga can help in sustaining
performance and the well-being of athletes across the board.

Appendix Table Al. Session-wise Compliance Rates for
Experimental and Control Groups

Sessions

Participant ID Group Attended (out Atter:dance
of 24) (%)

EGO1 Experimental 23 95.8
EGO02 Experimental 22 91.7
EGO03 Experimental 24 100

EG04 Experimental 21 87.5
EGO05 Experimental 22 91.7
EGO06 Experimental 23 95.8
EG07 Experimental 23 95.8
EGO08 Experimental 24 100

EG09 Experimental 22 91.7
EGI10 Experimental 23 95.8

Group Mean + SD EG 221+1.1  92(87-100)

CGo1 Control 24 100

CGo02 Control 23 95.8
CGo3 Control 22 91.7
CG04 Control 24 100

CGO05 Control 23 95.8
CGO06 Control 24 100

CGo07 Control 23 95.8
CGo8 Control 24 100

CG09 Control 22 91.7
CG10 Control 24 100

Group Mean + SD CG 233+0.7 97 (90-100)

Note. EG = Experimental Group; CG = Control Group.
Attendance = (Sessions Attended + 24) x 100. Both groups
demonstrated high adherence across the eight-week intervention

Appendix Table A2. Weekly Training Load Profiles for
Experimental and Control Groups

Week EG Mean Load (AU) + SD CG Mean Load (AU) + SD

1 278 £ 35 265+ 32
2 284 + 30 267 £ 31
3 291 + 33 270 +29
4 299 + 36 271 £ 30
5 306 + 37 273 £28
6 308 £ 41 274 + 30
7 311+39 275+29
8 312+ 40 273 £27

Note. Training load was computed using the session-RPE
method (Foster et al., 2001): Load = RPE x Session Duration
(minutes). AU = arbitrary units. The Experimental Group
showed a progressive increase in weekly training load across the
intervention period
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BnnuB iHTepBeHLil 3i CTPYKTYpOBaHOI MOrM Ha KOFHITUBHY,
NCMXONOrivyHy Ta PyHKLiOHaNbHY Npaue3faTHiCcTb
6ackeTO0nNiCTOK, AKi 6epyTb yyacTb y 3MaraHHAX: [lBorpynose
KOHTPOJZIbOBaHe eKCnepuMeHTasibHe AOCNiAKEeHHSA

Bimxamaxmmi C.'*BP, Capomxa C.'ABCP

'YuiBepcurer Anaranma

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

Pedepar. Crartst: 9 c., 6 Tab., 2 puc., 28 mxeper.

Icropis nutanna. Viora sk uinicHuit MeToy TpeHyBaHHsA, 1[0 NOENHYE BiSUYHMIA, ICUXOMOTI4HMIi T2 KOTHITMBHIIT PO3BUTOK,
HabyBae 4nMajIoi yBary, poTe KOHTPOIbOBAHNX JJOKa3iB 10f10 eeKTUBHOCTI Il 3aCTOCYBaHHA y 3MaraJIbHIX KOMaHIHUX BUaX
CIIOPTY cepeft )KiHOK J0ci OpaKye.

Merta pocnimxeHHa. MeTa 1IbOTo JOCIiIP)KeHHA NO/ATaNa B OLIiHII BIVIMBY BOCBbMUTIVDKHEBOI iHTepBEHIIiI 3i CTPyKTypoBa-
HOI JIOTM Ha KOTHITMBHY KOHLIEHTPALIi0, ICUXO/IOTiYHY PE3M/IEHTHICTD, CIIPUITHATTSA CTPECy Ta (byHKIliOHaIIbHy IpanesaTHiCTh
CTYAEHTOK-0acKeTOO/CTOK.

Marepianu Ta MeTogu. 3arajioM TPUALATD CIIOPTCMeHiB (BikoM 19-24 pokn) 6y)10 PpO3MOAieHo 3a METOLOM paHZioMi3allii Ha
eKCIlepMMeHTa/IbHY IpyIy (Jiora + CTaHJAPTHI TPeHyBaHH:) Ta KOHTPOJIbHY IpyIy (/uille CTaHAApTHI TpeHyBaHH:A). KornitupHi
(tect yBaru d,), ncuxonorivyni (CD-RISC-10 — mkana pesunbenTHOCTI KonHopa — [leBincona, PSS-10 — mkana cipuitHATOTO
cTpecy) Ta isnuHi (BepTUKaNIbHWIT CTPUOOK, CIIPUHT, CIPUTHICTD) IIOKA3HMKY OLIHIOBA/IUCSA Ha IIepefj- Ta TOCTIHTePBEHLITHOMY
eTarnax IoC/IiI)KeHHsA. AHajli3 JaHUX IPOBeeHO 3a JOIIOMOTOI0 3MillIAHOTO IVCIIEPCiiTHOTO aHaIi3y Ta MiATBep/KYI0YO0ro KoBapi-
awiitHoro aHaisy 3 6asoBumu KoBapiaramu. Pospaxosano posmipu edexry (d KoeHa, yactkoBe n?), a Takox joBipui iHTepBanu
3 MMOKAa3HUKOM 95 %, p-3HaUeHHs CKOPUTOBAHO BIiANIOBIZHO O 4acTOTM NOMIIKOBKX BusBiaeHb (FDR) sa MeTomom Benmkamini
— Tor6epra.

Pesynpraru. [l KoritusHoI KoHIeHTpaii (p < .001), pesunenTHocTi (p =.004), 3H1OKeHHA cTpecy (p =.002) Ta cripuTHOC-
i (p = .011) Bif3HaueHO 3HaUyLIi B3aeMOZil MK IpyIIoio Ta nepiofoM yacy. KoBapiauiltHuit aHais miATBepanNB CUTY 3a3HAYEHNX
edeKTiB, HaBiTh MiC/IsI KOHTPOJIIO 32 BITMIHHOCTAMM B 6a30BMX IOKa3HMKaX. MeTo[ TO/IOBHUX KOMITOHEHT BISIBUB [IBa TAT€HTHI
BMMIipM, a CaMe IICUXOJIOTiYHO-KOTHITMBHY Ta PyXOBY IIPalLle€3[aTHICTb, AKi pa30M CTaHOBM/IM ITOHAL 75 % pucrepcii.

Bucnosku. I[Tporpama 3aHATDb I0T0K0 3HAYHO MOKpaIyIa Icuxo¢isiooriyny roroBHIiCTb Ta QyHKIIIOHANIBHY eheKTUBHICTD
HOPiBHAHO 3i CTAaHAAPTHUMU TpeHyBaHHAMMU. OTpUMaHi pe3yabTaTi JO3BOMAITD IPUITYCTUTH, IO i10Ta MOXKEe CIyTyBaTy iHTe-
TPAaTMBHMM IiIXOJOM JI/IA IiIBUILIEHHSA Pe3y/IbTaTMBHOCTI CIOPTCMEHIB Ha eTalli Mi/JTOTOBKIA.

KrouoBi cmoBa: iHTepBeHIis 3 JOTY, CIIOPTCMEHKY, KOTHITMBHA KOHIIEHTpallif, ICHXOJIOTiYHa pe3UIeHTHICTD, PyHKIIio-
HaJIbHa IIpalle3/JaTHICTh.
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Abstract

Background. Optimal lipid regulation is a key determinant of cardiovascular health. Disturbances in lipid
metabolism are associated with elevated cardiovascular risk. Yogic practices have demonstrated potential in

modulating biochemical and cardiovascular parameters.

Objectives. The present study aimed to investigate the effect of a twelve-week structured yogic practice intervention
on selected lipid profile parameters, namely total cholesterol, triglycerides, high-density lipoprotein (HDL), low-
density lipoprotein (LDL), very-low-density lipoprotein (VLDL), cholesterol/HDL ratio, triglyceride/HDL ratio, LDL/
HDL ratio, and non-HDL/HDL ratio among male college students.

Materials and Methods. Twenty-four students (aged 17-22 years) from Shyampahari Government Primary Teacher
Training Institute, India, were randomly allocated into experimental (n = 12) and control (n = 12) groups. The
intervention group practiced yoga for 1 hour/day, 6 days/week, over 12 weeks, while controls maintained routine
activities. Venous blood samples were collected pre- and post-intervention and analyzed using an automated
biochemical analyzer. Within-group differences were assessed using paired t-tests, and between-group comparisons
employed independent t-tests. Statistical significance was set at a = 0.05.

Results. The experimental group showed substantial reductions in total cholesterol (p = .041), triglycerides (p =
.015), VLDL (p = .021), triglyceride/HDL ratio (p = .003), and non-HDL/HDL ratio (p = .003), alongside an increase
in HDL (p = .045). Meanwhile, LDL (p = .524), LDL/HDL (p = .149), and cholesterol/HDL ratio (p = .469) remained
unchanged. No significant changes were observed in the control group.

Conclusions. The findings indicate that a structured yogic program improves lipid metabolism and cardiovascular
efficiency, supporting yoga as an effective non-pharmacological intervention for young adults.

Keywords: yoga, lipids, cardiovascular diseases, cholesterol, triglycerides, lipoproteins.

Introduction

In recent decades, the prevalence of lifestyle-related
disorders, including dyslipidemia and cardiovascular
diseases (CVD), has been steadily rising (Pirillo et al., 2021;
Murray & Lopez, 1997). India bears one of the highest
burdens of CVD worldwide, with a notable early onset
compared to European populations, affecting individuals a
decade earlier (Joshi et al., 2007; Xavier et al., 2008). Around
52% of Indians under 70 years of age succumb to CVD, in
contrast to only 23% in Western countries (Sharma et al.,
2022; Harikrishnan et al., 2014). The annual CVD-related

© Rahaman, A., & Pramanik, T. N., 2025.
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death toll in India is projected to increase from 2.26 million
to 4.77 million (Murray & Lopez, 1997). Dyslipidemia, a
key modifiable risk factor for CVD, involves elevated total
cholesterol, triglycerides, and LDL-C, alongside low HDL-C
(Ali et al., 2023; Bamba & Rader, 2007). Occupational
factors, including low physical activity, poor diet, and stress,
contribute to dyslipidemia (Ali et al., 2023; Taye et al., 2024).
Early screening and lipid management are crucial in reducing
CVD morbidity and mortality, providing significant social
value (Pikula et al., 2015).

Cholesterol is a vital lipophilic molecule crucial to hu-
man physiology, involved in processes such as biosynthesis,
uptake, eftlux, transport, storage, utilization, and excretion
(Huff et al., 2023; Duan et al., 2022). Disruptions in cho-
lesterol homeostasis are associated with various diseases,
including cardiovascular conditions, neurodegenerative dis-
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orders, and cancers (Duan et al., 2022). Dysregulated choles-
terol levels contribute to one-third of ischemic heart disease
cases, causing 2.6 million deaths and 29.7 million DALYs
globally, emphasizing its major health impact (WHO, 2019).
Numerous studies have explored the effects of yogic prac-
tices on lipid profiles. A meta-analysis of 53 studies, with
13,191 participants, demonstrated significant improvements
in lipid parameters following yogic interventions (Ghaz-
vineh et al., 2022).

Triglycerides are crucial in human health, with
significant implications for cardiovascular and metabolic
disorders. Epidemiologicaland genetic studieshaveidentified
triglyceride-rich lipoproteins (TRL) and their remnants
as key contributors to atherosclerotic cardiovascular
disease (ASCVD) (Laufs et al., 2020; Zhang et al., 2022).
Hypertriglyceridemia, affecting 15-20% of the adult
population, is particularly prevalent among individuals with
metabolic syndrome and diabetes mellitus (Parhofer & Laufs,
2019). There is robust evidence linking elevated triglyceride
levels to increased health risks (Laufs et al., 2020). Notably,
research has shown that yogic practices can significantly
influence triglyceride metabolism, improving lipid profiles
(Shrirang & Surinder, 2015). This highlights the potential of
yoga as an intervention for managing triglyceride levels and
associated health risks.

High-density lipoprotein (HDL) is integral to human
lipid metabolism, with roles extending beyond cholesterol
transport (Bailey & Mohiuddin, 2022). Often termed
“good cholesterol,” HDL plays a crucial role in maintaining
cardiovascular and overall health (Chiesa & Charakida,
2019). Its main function is to transfer excess cholesterol
from tissues to the liver for processing and elimination
(Zhou et al., 2015). This process is vital for preventing
cholesterol build-up in arterial walls, and reducing the risk
of atherosclerosis and associated cardiovascular conditions
(Kosmas et al., 2018).

Low-density lipoprotein (LDL) is the main carrier
of serum cholesterol, essential for cellular processes and
metabolism, yet it also poses health risks (Liu et al., 2021;
Borén et al., 2020; Venugopal et al., 2023). LDL transports
approximately 67% of serum cholesterol to essential tissues,
such as the adrenal glands and gonads (Venugopal et al.,
2023). Epidemiological studies have consistently identified
elevated LDL cholesterol levels as a key metabolic risk factor
for atherosclerotic cardiovascular disease (ASCVD) (Virani
et al., 2023).

Very-low-density lipoproteins (VLDL) are key lipid
transporters, synthesized by the liver, that facilitate the
delivery of cholesterol and triglycerides to various tissues
and organs (Huang & Lee, 2022; Lee et al., 2022). Upon
secretion, VLDL interacts with lipoprotein lipase (LPL) on
capillary endothelium to release triglycerides for storage or
utilization in adipose and muscle tissues (Lee et al., 2022).
The metabolism and assembly of VLDL are influenced by
factors like insulin resistance and nutrient excess, with
VLDL particle size and concentration serving as important
markers for metabolic health and diabetes risk (Phillips &
Perry, 2015). In addition to lipid transport, VLDL also plays
a key role in nitric oxide signaling, which is important for
the relaxation of vascular smooth muscle and the regulation
of blood pressure (Magnifico et al., 2017), and stimulates
aldosterone synthesis in the adrenal glands (Tsai et al., 2017).

Thus, VLDL contributes not only to lipid metabolism but
also to blood pressure regulation.

The cholesterol-to-high-density lipoprotein (HDL) ra-
tio is considered a key indicator of cardiovascular risk, as
it reflects the balance between atherogenic and protective
lipoproteins (Millan et al., 2009). An elevated cholesterol/
HDL ratio is strongly associated with an increased risk of
atherosclerosis, myocardial infarction, and other cardio-
vascular complications (Millan et al., 2009; Calling et al,,
2019; Lemieux et al., 2001), whereas a lower ratio signifies
improved lipid metabolism and a reduced likelihood of ad-
verse cardiovascular events (Milldn et al., 2009). Given its
predictive value, the cholesterol/HDL ratio is widely utilized
in clinical and epidemiological settings to assess cardiovas-
cular risk and guide therapeutic interventions (Yu et al.,
2018).

Dyslipidemia, characterized by abnormalities in
lipid metabolism, is a well-established risk factor for
cardiovascular diseases (CVDs) and metabolic disorders
(Abera et al., 2024). TG/HDL ratio has gained prominence
as a reliable indicator of cardiometabolic risk (Murguia-
Romero, et al., 2013), insulin resistance (Chauhan et al.,
2021), and atherogenic dyslipidemia (Hermans et al.,
2012). A higher TG/HDL ratio has been associated with
an increased likelihood of endothelial dysfunction, arterial
stiffness, and the progression of atherosclerosis, making
it a crucial parameter in cardiovascular risk assessment
(Kosmas et al., 2023; Li et al., 2024). Therefore, strategies
aimed at optimizing this ratio are of significant clinical
interest.

Cardiovascular diseases (CVDs) remain a leading cause
of morbidity and mortality worldwide (Vaduganathan et
al., 2022), with dyslipidemia being a significant risk factor
(Ghodeshwar et al., 2023). Among lipid profile parameters,
the low-density lipoprotein (LDL) to high-density
lipoprotein (HDL) ratio is a key marker of cardiovascular
health (Tamada et al., 2010). A higher LDL/HDL ratio is
strongly associated with an increased risk of atherosclerosis
and other cardiovascular complications (Sun et al., 2022a),
whereas a lower ratio reflects better lipid metabolism and
a reduced risk of CVDs (Millan et al., 2009). Monitoring
and managing this ratio through lifestyle modifications and
appropriate interventions playa crucial role in cardiovascular
disease prevention (Ghodeshwar et al., 2023).

Dyslipidaemia plays a crucial role in the progression
of atherosclerosis and other cardiovascular complications
(Abera et al., 2024). Traditional lipid markers such as low-
density lipoprotein cholesterol (LDL-C) have long been used
to assess cardiovascular risk (Virani et al., 2023), however,
emerging evidence suggests that the non-HDL/HDL ratio
serves as a more comprehensive indicator of atherogenic
risk (Packard & Saito, 2004). This ratio accounts for a wider
range of atherogenic lipoproteins, including very low-density
lipoproteins (VLDL) and intermediate-density lipoproteins
(IDL), making it a superior predictor of cardiovascular risk
compared to LDL-C alone (Virani, 2011). An elevated non-
HDL/HDL ratio reflects an imbalance between atherogenic
and protective lipoproteins, increasing the likelihood of
arterial plaque formation and subsequent cardiovascular
events (Millan et al., 2009; Reddy et al., 2024). Given the
growing burden of CVDs, there is a critical need for effective
and sustainable lifestyle interventions to regulate lipid
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metabolism and reduce the non-HDL/HDL ratio, thereby
mitigating the overall cardiovascular risk.

The increasing prevalence of lifestyle-related disorders
among college students poses a significant public health
concern (Yadav et al,, 2024). Sedentary behavior, poor diet,
academic stress, and irregular physical activity contribute
to adverse changes in lipid profiles (Park et al., 2020) and
physical fitness (Fadillah et al., 2021), increasing the risk of
cardiovascular and metabolic diseases (Verdu et al., 2021).
Non-pharmacological interventions like yogic practices
offer a cost-effective solution to address these issues.

Yogic practices, including asanas, pranayama, and
relaxation, have been shown to improve lipid metabolism
and cardiovascular health by lowering total cholesterol
(Ghazvineh et al., 2022), triglycerides (Shrirang &
Surinder, 2015), low-density lipoprotein (Kumar et al., 2018;
Shahnam et al., 2010), and very-low-density lipoprotein
(VLDL) while enhancing high-density lipoprotein (Pandian
et al,, 2021). These modifications contribute to an improved
cholesterol/HDL ratio, triglyceride/HDL ratio, LDL/
HDL ratio, and non-HDL/HDL ratio, thereby mitigating
cardiovascular risk.

Despite these benefits, limited research explores yogic
practices on lipid profiles among college students. This
study aims to address this gap by evaluating yogic practice’s
impact on lipid levels. Findings may support integrating
yogic practices into college health programs as a sustainable
strategy for improving overall well-being.

Materials and Methods

Study Design

The present investigation employed an experimental
design utilizing a two-group pre-test—post-test framework
to evaluate the effects of a twelve-week yogic intervention
on selected serum lipid parameters. Approval for the study
was obtained from the Department of Physical Education
and Sports Sciences, University of Delhi, following clearance
by the Departmental Research Committee and the Board
of Research Studies. Before enrolment, students were

provided with an oral explanation of the study objectives,
and those who voluntarily agreed to participate signed a
written informed consent form. The participants were then
randomly assigned to one of two groups: the experimental
group, which underwent yogic practices, and the control
group, which did not receive any intervention. Group
allocation was carried out by an independent researcher who
was not involved in the assessment procedures.

Participants

The study was conducted at Shyampahari Government
Primary Teacher Training Institute, Birbhum, West Bengal,
India, and included male college students aged 17 to 22
years. Decimal age was calculated based on the date of birth
as documented in the original birth certificates presented by
the participants at the time of evaluation (Chakraborty &
Singh, 2024). Twenty-four students with normal vision were
randomly assigned to either the experimental group or the
control group, with twelve students in each group. Table 1
shows the baseline characteristics between the groups, with
Levene’s test and independent t-test p-values indicating
variance homogeneity and baseline differences.

Sample Size

An a priori power analysis was conducted using
G*Power software (version 3.1.9.7; University of Kiel,
Germany) to determine the minimum required sample size
for the study. The analysis was based on an expected large
effect size (Cohen’s d = 0.80), a significance level of a = 0.05,
and a desired statistical power of 0.95, in accordance with
the guidelines outlined by Kang (2021). The results indicated
that a minimum of 23 participants would be required to
achieve adequate statistical power. To accommodate
potential attrition, 35 participants were initially recruited.
Following exclusions and dropouts, a total of 24 participants
completed the study protocol and were included in the final
analysis. Participants were randomly allocated to either the
experimental or control group using an equal allocation
ratio (1:1) (Rahaman & Pramanik, 2025).

Table 1. Participant demographics and baseline characteristics

Experimental Group Control Group Levene’s test for  t-test for equality of
Variables equality of variances means
Mean SD Mean SD Sig. Sig. (2-tailed )

Age (years) 19.92 .90 20.42 1.17 134 252
Waist-Hip Ratio .85 13 .86 .07 .305 941
Pulse Rate (beats/min) 74.33 3.77 75.50 3.75 .694 456
Respiratory Rate 23.67 433 25.16 3.83 937 379
(breath/min)

Systolic Blood Pressure 124.08 4.27 123.75 4.35 .969 .852
(mmHg)

Diastolic Blood Pressure 82.00 2.49 80.08 3.15 314 112
(mmHg)

Positive Breath Holding Capacity 68.50 27.23 50.25 24.26 456 .097
(breath/min)

Negative Breath Holding Capacity 24.41 6.97 25.75 10.24 .283 713

(breath/min)
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Randomisation

Randomisation was carried outusingRandom Allocation
Software (version 1.0.0; M. Saghaei, MD, Department of
Anesthesia, Isfahan University of Medical Sciences, Isfahan,
Iran). A total of 24 eligible participants were assigned to the
experimental group (n = 12) or the control group (n = 12)
based ona computer-generated random sequence. Allocation
concealment was ensured through the implementation of
sequentially numbered, opaque, sealed envelopes (SNOSE)
to minimise selection bias.

Blinding/Masking

Due to the inherent characteristics of the yogic
intervention, participant blinding was not feasible. However,
to maintain methodological rigor and reduce potential bias,
a single-blind design was adopted. The principal investigator
remained blinded to group assignments throughout the
study. An independent researcher, who was not involved in
the randomisation process or data analysis, administered
the intervention and conducted all outcome assessments
(Govindasamy et al., 2024).

Study Organization

This study employed an experimental research design
with a two-group pre-test and post-test methodology to
evaluate the effects of a twelve-week yogic intervention. The
primary objective was to determine whether the intervention
elicited significant enhancements in selected biochemical
parameters. Participants were selected using probability
sampling techniques from the student population.

3

‘ Registered individual (n= 35) ‘

}3 ‘ Unable to contact (n= 6)

‘ Assessed for cligibility (n= 29) ‘

Excluded (n=4)

* Not meeting inclusions criteria (n=2)
e Declined to participate (n=1)

o Other Reasons (n=1)

¥

‘ Randomized (n= 25) ‘

&

r ]
Allocated to experimental group (n=13) Allocated to control group (n= 12) ‘

Lost to follow-up (n=1)
o Receive allocated yogic intervention (n= 12)
e Did not receive allocated yogic intervention (give

reasons (n=1)

Analysed to experimental group (n= 12)
o Excluded from analysis (n= 0)

Lost to follow-up (n=0) ‘

Analysed to control group (n=12)
* Excluded from analysis (n= 0)

Fig. 1. Participations selection consort flow chart (Rahaman &
Pramanik, 2025)

Experimental Protocol

The experimental group participated in a structured
yogic practices intervention comprising Suryanamaskar,
selected asanas, pranayama techniques, and relaxation
practices. These sessions were systematically conducted
under the direct supervision of the investigator. The
program was conducted six days a week for twelve weeks,
with each session lasting sixty minutes, held from 8:00
to 9:00 AM, Monday to Saturday, at the Shyampahari
Government Primary Teacher Training Institute ground
in Birbhum, West Bengal, India. Conversely, the control
group continued with their usual daily routines without
any additional interventions. To assess the effects of the
intervention, comprehensive evaluations were conducted
for all participants both at baseline and upon completion of
the twelve-week program. An overview of the intervention
protocol is presented in Figure 2.

Surya Asana
Namaskar Asanas Practiced Parameters. Total
Weeks | (Dynamic | (InSequential | (Holding | Asana

Relaxation

Pranayama (Integrative

Warm-up) Order) Time x| Duration (Anulom Vilom and Bhastrika) Recovery)
Repetitions
* Rest)
Ardha-Halasana,
Sarvangasana, Cycle x Repetition x
Matsyasana, Breathing Ratio Rest between
Halasana, (1:1) Repetitions
Chakrasana,
Naukasana, I E
Bhujangasana, | 15 sec x 2 30
1-3 | 1Round Shalabhasana, %5 sec (min)
(5 min) Naukasana, (60 sec rest 5 5 Shavasana
Dhanurasana, between 9 J 2x2%60 Sec (5 min)
Ardha sets) (Sec) (Sec)
Matsyendrasana,
Paschimottanasana,
Vajrasana,
Yogamudra,
Ushtrasana,
Padmasana,
Utkatasana,
Trikonasana,
Vrikshasana,
Tadasana,
Shavasana
Breathing Ratio Cycle x Repetition x
20 sec x 2 (1:1:1) Rest between
4-6 | 2Rounds | Sameasabove x5 sec 30 Repetitions Shavasana
(5 min) (S0secrest | (min) I [ H | E (5 min)
between 5 2x2x50 Sec
sets) (Sec) | (See) | (See)
25 sec X 2 Breathing Ratio Cycle x Repetition x
* 3 sec (1:2:2) Rest between
7-9 | 3Rounds (40 sec rest Repetitions Shavasana
(5 min) Same as above between 30 I [ H [ E (5 min)
sets) (min) 5 10 10 2x2x40 Sec
(Sec) | (See) | (Sec)
Breathing Ratio Cycle x Repetition x
30 secx 2 (1:4:2) Rest between
10-12 | 4Rounds | Same as above * 3 sec 30 Repetitions Shavasana
(5 min) (30 secrest | (min) I [ H | E (5 min)

between 5

E 20
sets) (Sec)

(Sec)

10 2x2x30 Sec
(Sec)

Fig. 2. Yogic intervention module Note: Inhale (I), Hold (H), and
Exhale (E) (Rahaman et al., 2025; Rahaman & Pramanik, 2025)

Outcome Measures

The current study evaluated various biochemical and
bio-motor variables to assess the effects of a 12-week yogic
intervention. These variables included cholesterol levels,
triglycerides, HDL, LDL, and VLDL, cholesterol/HDL
ratio, triglyceride/HDL ratio, LDL/HDL ratio, and non-
HDL/HDL ratio. Both pre-test (baseline) and post-test
(following the intervention) measurements were collected
to provide comparative data. Throughout the assessment
process, participant safety remained a priority, and constant
supervision was provided to ensure adherence to the
established protocols.

Blood samples were drawn for lipid profile analysis,
including total cholesterol, LDL, HDL, triglycerides, VLDL,
cholesterol/HDL ratio, LDL/HDL ratio, triglyceride/HDL
ratio, LDL/HDL ratio, and non-HDL/HDL ratio. The
venous blood was extracted from the antecubital vein using
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a sterile syringe, ensuring aseptic conditions throughout the
procedure. These samples were then transported to a certified
pathology laboratory for analysis. Lipid profile testing
was performed using the TULIP CORALYZER SMART
200, a fully automated system that ensured the precision
and reliability of the lipid measurements. To guarantee the
accuracy and reproducibility of results, all analyses followed
rigorous laboratory protocols and quality control standards.
All assessments were conducted with adherence to standard
protocols, ensuring reliable, valid, and reproducible results.
These measures helped minimize errors and enhance
consistency across participants.

Statistical Analysis

Data normality was assessed with the Shapiro-Wilk test
(Shapiro & Wilk, 1965), and Levene’s test was used to check
variance equality. Descriptive statistics were computed,
and paired t-tests and independent samples t-tests were
applied for within-group and between-group comparisons,
respectively. All analyses were performed using IBM SPSS
software (Version 25), with a significance level of 0.05.

Results

Table 3 provides the descriptive statistics for both the
experimental (EG) and control (CG) groups, showing the
changes in cholesterol, triglyceride, HDL, LDL, VLDL,
cholesterol/HDL ratio, triglyceride/HDL ratio, LDL/HDL
ratio, and non-HDL/HDL ratio, from pre-test to post-
test. These results highlight the effectiveness in enhancing
cardiovascular functions.

Table 4 presents the paired t-test results, showing
significant changes in various physiological parameters
among participants in the experimental group (EG)
following the intervention. The EG exhibited statistically
significant improvements in total cholesterol t;,, = 2.32,
p = .041; triglycerides t;,) = 2.86, p = .015; HDL (high-
density lipoprotein) t,,) = 2.26, p = .045; VLDL (very
low-density lipoprotein) t,;, = 2.70, p = .021; triglyceride/
HDL ratio ty, = 3.70, p = .003; and non-HDL/HDL
Ratio t;) = 3.82, p = .003. These changes suggest that the
intervention positively influenced lipid metabolism, which
may contribute to improved cardiovascular health. However,
LDL (low-density lipoprotein) did not show a significant
change in the EG t,,, = .66, p = .524, indicating that the
intervention did not significantly affect LDL levels. The
LDL/HDL ratio in the experimental group (EG) did not
show a statistically significant change from pre-test to post-
test, tuy) = 1.55, p = .149, but improved compared to baseline
values. Similarly, the total cholesterol/HDL ratio in the EG
remained statistically unchanged, t.,, = .75, p = .469, but
showed improvement following the intervention. These
findings suggest that while the intervention did not produce
statistically significant changes, there was a positive trend in
lipid profileimprovement. In contrast, the control group (CG)
did not show significant changes in any of the physiological
variables. Specifically, total cholesterol t,,) = 2.13, p = .057;
triglycerides t;) = 1.12, p = .287; HDL t;;) = 1.91, p = .082;
LDL t;, = 1.42,p =.184;and VLDL t;, = 1.30, p =.219; total
cholesterol/HDL ratio t(;;) = 1.37, p = .198; triglyceride/HDL
Ratio t(;) = .54, p = .603; LDL/HDL ratio t;;, = .88, p = .397;

Table 3. Descriptive statistics

%

Variables  Group Test N Mean SD Towirg
Pre-test 12 162.50 31.47 10.87
Total Cholesterol Post-test 12 144.83 14.92 '
mg/dl Pre-test 12 167.33 43.79
(mg/d] cg 11.50
Post-test 12 186.58 32.55
Pre-test 12 154.08 85.25
EG -30.83
Triglyceride Post-test 12 106.58 49.88
mg/dl Pre-test 12 136.42 41.23
(mg/dl) cg 11.60
Post-test 12 152.25 69.59
Pre-test 12 40.92 2.64
EG 6.01
Post-test 12  43.38 2.92
HDL (mg/dl)
Pre-test 12 40.17 2.62
CG 6.62
Post-test 12 42.83 5.16
Pre-test 12 90.77 29.37
EG Pret ist 12 8747 1756 o
ost-tes . .
LDL (mg/dl)
Pre-test 12 99.88 39.96
CG 12.61
Post-test 12 112.47 31.40
Pre-test 12 30.82 17.05
EG -29.36
Post-test 12 21.77 9.78
VLDL(mg/dl)
Pre-test 12 27.28 8.25
CG 13.16
Post-test 12 30.87 13.51
Pre-test 12 3.63 1.31
EG e 771
Total Cholesterol Post-test 12 3.35 .38
/HDL Ratio Pre-test 12 3.81 1.54
CG 16.01
Post-test 12 4.42 1.01
Pre-test 12 3.68 1.77
EG -33.15
Triglyceride/ Post-test 12 246  1.12
HDL Ratio Pre-test 12  3.38 .98
CG 5.03
Post-test 12 3.55 1.54
Pre-test 12 2.22 72
EG posttest 12 2.02 39 01
ost-tes . .
LDL/HDL Ratio
Pre-test 12 2.47 94
CG 8.50
Post-test 12 2.68 .95
Pre-test 12 2.96 .65
EG -20.61
Non-HDL/HDL Post-test 12 2.35 .38
Ratio Pre-test 12 3.14 97
cG 8.92
Post-test 12 3.42 1.01

and non-HDL/HDL Ratio t(,;, = 1.06, p =.311 did not exhibit
significant changes.

These findings indicate that the intervention had a
significant impact on various health markers in the EG,
particularly improving lipid profiles (except for LDL). The
lack of significant changes in the CG further supports the
effectiveness of the intervention. Overall, these results
suggest that the intervention played a key role in enhancing
important physiological markers, with potential benefits for
cardiovascular health.

Table 5 presents independent t-test results comparing
pre-and post-test scores between the experimental and
control groups for various biochemical variables. In the pre-
test, there were no significant differences between the EG
and CG for any of the variables. Specifically, total cholesterol
toy = .31, p = .759; triglycerides t(, = .65, p = .525; HDL
tos = .70, p = .493; LDL t,,) = .64, p = .531; VLDL t;,) = .65,

1341



ISSN 1993-7989. elSSN 1993-7997. ISSN-L 1993-7989. Physical Education Theory and Methodology. Vol. 25, Num. 6

Table 4. A paired t-test compared the pre-test and post-test within the experimental and control groups

Std. Error Sig.
riabl r T Mean Differen D f
Variables Group est eal erence S Mean t d (2-tailed)
Pre-test
EG 17.67 26.41 7.62 2.32 11 .041*
Post-test
Total Cholesterol
Pre-test
CG 19.25 31.31 9.04 2.13 11 .057
Post-test
Pre-test
EG 47.50 57.49 16.60 2.86 11 .015*
Post-test
Triglyceride
Pre-test
CG 15.83 49.05 14.16 1.12 11 287
Post-test
Pre-test
EG 2.47 3.78 1.09 2.26 11 .045*
Post-test
HDL
Pre-test
CG 2.67 4.83 1.39 1.91 11 .082
Post-test
Pre-test
EG 3.30 17.37 5.01 .66 11 524
Post-test
LDL
Pre-test
CG 12.58 30.74 8.88 1.42 11 184
Post-test
Pre-test
EG 9.05 11.63 3.36 2.70 11 .021*
Post-test
VLDL
Pre-test
CG 3.58 9.53 2.75 1.30 11 219
Post-test
Pre-test
EG .28 1.27 .37 .75 11 469
Post-test
Total Cholesterol /HDL Ratio
Pre-test
CG .61 1.53 44 1.37 11 .198
Post-test
Pre-test
EG 1.22 1.14 .33 3.70 11 .003*
Post-test
Triglyceride/HDL Ratio
Pre-test
CG 17 1.10 .32 .54 11 .603
Post-test
Pre-test
EG 21 .46 13 1.55 11 .149
Post-test
LDL/HDL Ratio
Pre-test
CG 22 .86 .25 .88 11 .397
Post-test
Pre-test
EG .60 .55 .16 3.82 11 .003*
Post-test
Non-HDL/HDL Ratio
Pre-test
CG .28 .90 .26 1.06 11 311
Post-test

*Significant at 0.05 level

p = .524; total cholesterol/HDL ratio tn, = .31, p = .757;
triglyceride/HDL ratio t(, = .51, p = .616; LDL/HDL ratio
tay = .71, p = .487; and non-HDL/HDL ratio t., = .54,
p = .594, all showed no statistically significant differences
between the groups. However, in the post-test, several
significant differences were observed in favor of the EG. Total
cholesterol t,,=4.04, p=.001; LDL levels t,;y = 2.41, p =.025;
total cholesterol/HDL ratio t, = 3.43, p = .002; LDL/HDL

ratio tuy = 2.25, p = .035; non-HDL/HDL ratio t,, = 3.43,
p = .002; and showed significant improvements in the EG
compared to the CG. Although there were improvements in
triglycerides t.,, = 1.85, p = .078; VLDL t(», = 1.89, p = .072;
triglyceride/HDL ratio t, = 1.98, p = .060; these changes
did not reach statistical significance. Furthermore, no
significant differences were found in HDL t,, = .32, p=.751.
These findings suggest that the experimental intervention
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Table 5. An independent t-test compared pre-test and post-test scores between the experimental and control groups

Experimental Control
Variables Tests t P-value
Mean SD Mean SD

Pre-test 162.50 31.47 167.33 43.79 31 .759
Total Cholesterol

Post-test 144.83 14.92 186.58 32.55 4.04 .001*

Pre-test 154.08 85.25 136.42 41.23 .65 .525
Triglyceride

Post-test 106.58 49.88 152.25 69.59 1.85 .078
HDL Pre-test 40.92 2.64 40.17 2.62 .70 493

Post-test 43.38 2.92 42.83 5.16 32 751
LDL Pre-test 90.77 29.37 99.88 39.96 .64 531

Post-test 87.47 17.56 112.47 31.40 2.41 .025*

Pre-test 30.82 17.05 27.28 8.25 .65 .524
VLDL

Post-test 21.77 9.78 30.87 13.51 1.89 .072

Pre-test 3.63 1.31 3.81 1.54 31 757
Total Cholesterol /HDL Ratio

Post-test 3.35 .38 4.42 1.01 3.43 .002*

Pre-test 3.68 1.77 3.38 .98 51 .616
Triglyceride/HDL Ratio

Post-test 2.46 1.12 3.55 1.54 1.98 .060

Pre-test 2.22 .72 2.47 94 71 487
LDL/HDL Ratio

Post-test 2.02 .39 2.68 .95 2.25 .035*

Pre-test 2.96 .65 3.14 97 .54 .594
Non-HDL/HDL Ratio

Post-test 2.35 .38 342 1.01 3.43 .002*

*Significant at 0.05 level

contributed to significant improvements in biochemical
parameters such as total cholesterol, LDL levels, total
cholesterol/HDL ratio, LDL/HDL ratio, and non-HDL/
HDL ratio. However, no significant changes were observed
in other variables, such as triglycerides, VLDL, HDL, and
triglyceride/HDL ratio.

Discussions

The data in Table 4 indicate a significant reduction in
total cholesterol following a yogic intervention, particularly
in the experimental group, observed at both pre-test
and post-test stages. This aligns with previous studies
highlighting yogic practices role in managing cholesterol
levels. For example, a 12-week yogic practices intervention
reduced total cholesterol from 244.86 mg/dL to 219.54 mg/
dL (Shantakumari et al., 2013), and another study reported
a reduction from 213.1 mg/dL to 193.4 mg/dL (Malarvizhi
& Elangovan, 2015). A systematic review of 53 studies
involving over 13,000 participants revealed a significant
reduction of approximately 10.31 mg/dL in total cholesterol
(Ghazvineh et al., 2022). These findings suggest that yogic
practices may positively impact cholesterol levels through
mechanisms like improved liver function, enhanced hepatic
lipase activity (Shantakumari et al., 2013; Shradha & Sisodia,
2010), better insulin sensitivity (Sahay, 2007; Dewangani et
al., 2020), stress reduction via lower cortisol levels (Bijlani
et al., 2005), and weight management (Cramer et al., 2016;
Sun et al., 2022).

Several studies further support the notion that regular
yogic practices can effectively reduce triglyceride levels in

diverse populations, including college students. A study
involving urban boys showed significant improvements
in triglyceride levels among those who practiced yogic
practices compared to a control group (Vidhya & Rani,
2021). Another study with 50 participants revealed that yogic
practices for three months lowered triglyceride levels from
an average of 151.88 mg/dL to 130.11 mg/dL (Shantakumari
et al,, 2013). A systematic review and meta-analysis of 53
studies involving 13,191 participants confirmed that yogic
practice interventions significantly reduced triglycerides by
an average of 13.50 mg/dL (Ghazvineh et al., 2022). These
reductions in triglycerides may be attributed to various
physiological benefits of yogic practices, such as enhanced
lipoprotein lipase activity, improved liver function, and better
insulin sensitivity (Shantakumari et al., 2013; Sahay, 2007;
Dewangani et al., 2020). Moreover, yogic practice’s stress-
reducing properties through decreased cortisol levels also
play a role in reducing central obesity and insulin resistance,
which further contribute to improved lipid profiles (Bijlani
et al., 2005; Shantakumari et al., 2013).

In addition to lowering total cholesterol and
triglycerides, the study observed a significant increase
in high-density lipoprotein (HDL) levels after 12 weeks
of yogic practice interventions. This finding is consistent
with previous studies demonstrating the positive impact
of yogic practices on lipid profiles. For example, a brief
yogic practices intervention has been shown to elevate
HDL levels from 42.93 mg/dL to 43.52 mg/dL (P = 0.043),
particularly in individuals with lower baseline HDL (Yadav
et al,, 2014). A 12-week study also found that regular yogic
practices practice significantly improved HDL levels, further
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supporting yogic practices’ benefits for lipid metabolism
(Pandian et al., 2021). Additionally, yogic practices have
been linked to improved HDL levels, contributing to better
weight management and cardiovascular health (Oza et
al., 2019). Yogic practice’s impact on HDL levels may be
linked to stress reduction through decreased cortisol levels,
as well as stimulation of the endocrine system, which
regulates cholesterol metabolism and HDL production (The
Indian Express, 2023). Additionally, yogic practice’s ability
to enhance hepatic and lipoprotein lipase activity helps
promote triglyceride uptake by adipose tissue and improve
lipoprotein metabolism (Shantakumari et al., 2013; Shradha
& Sisodia, 2010), which may also support the reverse
cholesterol transport mechanism mediated by HDL, helping
remove excess cholesterol from peripheral tissues to the liver
(Benisek, 2023).

The reduction in LDL cholesterol levels observed in
the current study, from a pre-test mean of 90.77 mg/dL to
a post-test mean of 87.47 mg/dL, aligns with previous re-
search indicating that yogic practices can positively influ-
ence lipid profiles. Although the reduction was modest and
not statistically significant at the 0.05 significance level, it
is consistent with other studies. For example, Chowdhury
(2018) reported a slight decrease in LDL from 126.46 mg/dL
to 124.02 mg/dL, and Babu (2018) found a reduction from
165.33 mg/dL to 159.06 mg/dL in college men. Similarly,
Chandrashekhar (2012) observed a decrease from 108.9 mg/
dL to 104.1 mg/dL, and Dubey et al. (2014) noted a reduc-
tion from 118.9 mg/dL to 115.62 mg/dL. The current study’s
modest reduction in LDL levels may be attributed to factors
such as yogic practices’ ability to reduce stress and lower
cortisol levels, which are linked to elevated LDL (Kumar et
al., 2018; Shahnam et al., 2010). Additionally, yogic practices
promote weight loss and fat reduction, which can improve
cholesterol balance (Oda, 2018; Upadhyah et al., 2019). En-
hanced insulin sensitivity from yogic practices also contrib-
utes to improved lipid metabolism and better regulation of
LDL cholesterol (Alidu et al., 2023; Gowri et al., 2022).

The present study also found a significant reduction
in VLDL levels in the experimental group following yogic
practices intervention, while no significant change was
observed in the control group. This aligns with existing
literature suggesting that yogic practices-based interventions
can positively influence VLDL levels (Prasad et al., 2006).
The decline in VLDL may be attributed to yogic practices’s
physiological benefits, including improved metabolic
function (Doddoli et al., 2017), enhanced lipid oxidation
(Promsrisuketal., 2023),and better insulin sensitivity (Gowri
et al., 2022). Furthermore, yogic practices such as asanas,
pranayama, and relaxation techniques have been shown to
modulate lipid profiles by reducing stress, enhancing cardiac
autonomic function (Cramer et al., 2014), and improving
circulation (Pal et al., 2011), all of which contribute to better
lipid metabolism and reduced cardiovascular risk factors.

The present study demonstrates significant
improvementsinlipid profile ratiosin the experimental group
(EG) following yogic practices, while the control group (CG)
exhibited minimal or adverse changes. These findings align
with previous studies indicating that yogic practice enhances
lipid metabolism and cardiovascular health. Research has
shown that regular yogic practice reduces total cholesterol
(Shantakumari et al., 2013), triglycerides (Vidhya & Rani,

2021), LDL (Chandrashekhar, 2012), and VLDL (Prasad et
al., 2006), while increasing HDL (Yadav et al., 2014), leading
to favorable changes in lipid ratios such as Cholesterol/HDL,
Triglyceride/HDL, LDL/HDL, and Non-HDL/HDL. These
results support the role of yogic practice as a non-invasive
intervention for optimizing lipid profiles and reducing
cardiovascular risk.

Limitations and future of the study

Despite the promising findings, this study has several
limitations that warrant consideration. The relatively small
sample size (n = 24) may constrain the statistical power and
limit the generalizability of the results. The study population
was restricted to male college students from a single institu-
tion, which may reduce the applicability of the findings to
broader populations, including females and individuals of
different age groups, socioeconomic statuses, and educa-
tional backgrounds. Additionally, key lifestyle variables such
as dietary intake, sleep patterns, and psychological stress—
which are known to influence lipid profiles—were not con-
trolled or monitored. The absence of follow-up assessments
also precludes conclusions about the long-term sustainabil-
ity of the observed effects. Future research incorporating
larger and more diverse cohorts, with comprehensive con-
trol of confounding variables and extended follow-up peri-
ods, is recommended to validate and extend these findings.

Strength and Implications

The principal strength of this study lies in the
methodological rigor with which the intervention was
designed and implemented. The use of a randomized
controlled design enhanced internal validity, while the
clearly defined 12-week yogic protocol—administered
consistently in terms of duration, frequency, and content—
ensured the systematic delivery of the intervention. The
integration of both biochemical assessments, via automated
analyzers, enabled a comprehensive assessment of both
physiological and functional outcomes. Furthermore, the
application of appropriate statistical procedures, including
tests for normality and homogeneity of variance, along with
paired and independent samples t-tests, strengthened the
reliability and interpretability of the findings.

From a practical standpoint, the study offers valuable
implications for health promotion among young adult
populations. The significant improvements observed in
lipid parameters such as HDL, non-HDL/HDL ratio, and
triglyceride indices suggest that yogic practices may serve
as an effective, non-pharmacological strategy for improving
cardiovascular health. Given the accessibility, cost-
effectiveness, and cultural relevance of yogic interventions,
the findings support their inclusion in health and wellness
initiatives within academic institutions. Moreover, the study
contributes to the growing body of evidence advocating for
holistic, lifestyle-based approaches to disease prevention
and health optimization in emerging adults.

Conclusions

This study found that a twelve-week yogic practice
significantly improved several biochemical parameters in the
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experimental group, with no changes observed in the control
group. Notable reductions in total cholesterol, triglycerides,
VLDL levels, triglyceride/HDL ratio, and non-HDL/HDL
ratio were observed, along with a significant increase in HDL
levels. The reductions in low-density lipoprotein (LDL),
total cholesterol/HDL ratio, and LDL/HDL ratio did not
reach statistical significance; however, they demonstrated
an improvement from baseline values. The results suggest
that yogic practices are an effective non-pharmacological
approach for improving lipid. These practices could be
beneficial for managing dyslipidemia, and supporting
rehabilitation and fitness programs. Future research should
explore long-term effects and optimal intervention duration.
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Abstract

Objectives. This study aimed to evaluate the effectiveness of a customized training regimen in enhancing balance

among young volleyball athletes.

Materials and Methods. A total of 48 athletes (aged 14-16) from four volleyball teams participated, divided into
Experimental (EG) and Control Groups (CG). Over six months, the EG adhered to a specialized protocol integrating
balance exercises into warm-ups and post-training sessions, encompassing both static and dynamic exercises, while
the CG followed a standard program. Balance assessments were conducted using the Leonardo Platform, with

tests administered before and after implementing the protocol. Statistical analysis involved paired-samples and
independent-samples T-tests to compare within-group changes and between-group differences.

Results. The results obtained revealed significant improvements in the EG, particularly evident in the TanEC test

(p =.00001), indicating enhanced stability without visual reference. Marked advancements were also noted in single-
limb stability tests (1L_EO, p =.0018; 1L_EC, p =.0258). Conversely, the TanEO test showed no substantial group
differences (p = .107), suggesting minimal impact on stability under visual conditions.

Conclusions. These findings underscore the efficacy of tailored balance training in enhancing postural stability,
motor coordination, and control among young volleyball players, advocating for the integration of targeted exercises
in athletic training programs to optimize performance outcomes.

Keywords: motor control, performance, postural testing.

Introduction

Volleyballisateam sportthatrequiresahigh combination
of technical skill, physical ability and speed. This discipline
is based on fundamentals such as dribbling, hitting, walling,
serving and receiving, which must be performed with
precision and as much coordination as possible (Raiola et
al, 2025; D’Elia et al, 2021). Every technical gesture requires
a high degree of body control, which is also the result of
maximum balance (Altavilla et al., 2022). Volleyball is also a
sport that demands excellent reaction skills due to the sudden

© Pogoni, J., Ceruso, R., Kagurri, A., Peluso Cassese, E,
& Esposito, G., 2025.

@ PETM
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changes in game situations (Liu, 2022). Therefore, balance is
essential to ensure stability during the dynamic movements
and sudden shifts required in volleyball (Fuchs et al., 2020). It
is divided into static balance, which is necessary to maintain
a stable posture in waiting situations, and dynamic balance,
which is indispensable for handling changes of direction,
landings from take-offs and rapid transitions between
phases of play (Pau et al., 2012). This capacity is regulated by
the integration of the vestibular, proprioceptive and visual
systems, which work in synergy to maintain postural stability
and motor efficiency (Esposito et al., 2021). Volleyball is a
sport that requires a high level of coordination, as players
have to manage ball possession in highly dynamic conditions
and often in positions that are not optimal for balance
(Hammami et al., 2021). A particularly relevant aspect is the
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ability to maintain a stable waiting posture, characterised
by a posture with flexed and spread legs, accompanied by
a forward tilt of the torso, which allows responsiveness
and freedom of movement in any direction (Esposito et al.,
2024). During the phases of the game in which athletes are in
contact with the ground, the control of postural stability and
the management of body oscillations are essential to ensure
precision of movement and speed of reaction. The ability
to constantly adapt posture to different game situations is
a key factor in optimising performance and maintaining
effective motor readiness (Borzucka et al., 2020). Several
studies have shown that good balance control can improve
the quality of technical gestures and reduce the risk of injury,
particularly when landing from a jump or in high-intensity
game situations (Gerberich et al., 1987; Cuniado-Gonzalez
et al,, 2019; D’'Isanto et al; 2024). Therefore, comprehensive
training involving the improvement of these motor qualities
is suggested to raise balance levels. However, while strength,
speed and endurance training are well-established aspects of
athletic preparation programmes, the integration of specific
balance protocols in the preparation of volleyball players is
still a matter of debate. For this reason, there is a need to
measure what effects specific (ad hoc) training protocols for
postural stability, motor co-ordination and motor control
have on balance. Scientific evidence on the connection of
specific training protocols on postural stability, motor co-
ordination and motor control underline the importance of
further investigation of the effects on balance, highlighting
the need for further investigation of a specific protocol.

Purpose of the research — The aim of the study is to
measure the effect of an ad hoc training protocol to improve
balance in young volleyball athletes.

Materials and Methods

Study Participants

A total of 48 volleyball athletes (24 females, 24 males;
age range: 14-16 years) were recruited from four youth
teams belonging to local volleyball clubs affiliated with
the Albanian Volleyball Federation. Recruitment occurred
through voluntary participation after coaches received an
official invitation letter describing the aims and procedures
of the study.

Inclusion criteria were continuous participation in
structured volleyball training for at least two years; absence
of musculoskeletal injuries in the previous six months;
regular attendance (>90%) during the training season;
parental consent for underage athletes.

Exclusion criteria included neurological, vestibular, or
postural disorders; participation in additional proprioceptive
or balance training programs; failure to complete the post-
test evaluation. Participants were divided into two groups
using a cluster allocation design based on team membership
to preserve the ecological context of training and minimize
contamination between programs. Two teams (Superior
Female and Partizani 1 Male) formed the Experimental
Group (EG), while two other teams (Dinamo Female and
Partizani 2 Male) served as the Control Group (CG), which
continued their usual training routines.

The a priori primary endpoint was the between-group
difference in the pre-to-post change (A) on the TanEC

test. We therefore based the sample size on a two-tailed
independent-samples t-test (a = .05, power =.80). Assuming
a minimally important between-group effect of Cohen’s d
= 0.80 (large, in line with previous proprioceptive/balance
protocols in youth athletes), the required sample was n = 50
(25 per group). We enrolled n = 48 (24 per group), which
is within 4% of the target and provides adequate power
for effects of this magnitude. In sensitivity terms, with N
= 48 the study is powered at 80% to detect d > 0.81 for the
primary contrast.

Because allocation occurred by team (cluster allocation),
we also report a design-effect sensitivity: assuming an intra-
cluster correlation ICC = 0.05 and cluster size m = 12, the
design effect is DEFF = 1 + (m—-1)-ICC = 1.55, yielding an
effective per-arm size of =15.5. Under this conservative
scenario, the 80% power threshold corresponds to d = 1.03
for the primary A comparison. We acknowledge this as a
limitation and, accordingly, report cluster-robust inferences
in the re-analysis.

Study Protocol

The experimental protocol was implemented over
24 weeks, integrated within the athletes’ regular training
schedule (three sessions per week, each lasting 90 minutes).
Balance and postural exercises were added at the beginning
(warm-up phase, 15 min) and at the end (cool-down
phase, 15 min) of each training session. The control group
continued its standard volleyball training program without
additional exercises.

The protocol was structured into three progressive
phases, each lasting eight weeks, following the principles of
progressive overload and specificity. Each session included a
warm-up with static and dynamic balance drills, and a cool-
down focusing on postural alignment and core stabilization.

Compliance was monitored by the team coaches
and verified weekly by the research team. Athletes who
completed at least 85% of sessions were included in the post-
test analysis.

You can observe the schedule in Table 1.

The intervention was designed as a 24-week stability and
postural training program, implemented within the athletes’
regular volleyball sessions. Training was performed three
times per week, with each session lasting approximately
90 minutes. The experimental group (EG) integrated the
stability protocol into two specific segments of their usual
training:

(a) the warm-up phase (15 minutes) devoted to balance
and proprioceptive exercises, and

(b) the cool-down phase (15 minutes) focused on
postural correction and trunk stabilization.

The control group (CG) continued their conventional
volleyball training without any modification.

The experimental protocol was developed to
progressively improve static balance, dynamic control, and
postural alignment, following the principles of specificity,
progressive overload, and motor variability. Exercises
were selected according to their relevance for volleyball
performance—particularly movements involving landing,
change of direction, and single-leg stability. The program
was divided into three progressive phases of increasing
complexity (Table 2).
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Table 1. Weekly microcycle and progressive structure of the experimental balance training protocol integrated into regular

volleyball practice
Phase Weeks Exercises included Sets R.ep s/ Intensnt).r & . Rest Objective
Duration Progression intervals
Phase 1 - Balance 1-6 « One-legged balance 3x20-30s  Begin on stable 30 s between Develop static
foundation & stability (EO/EC) or 3 x 8-10 reps surface; progress to drills balance and

o Tandem stance (EO/EC)

o Dynamic balance in
motion without ball

o General muscle stability
exercises (plank, bridge,
bird-dog)

EC; slow controlled
time

proprioceptive
awareness

Phase 2 - Dynamic 7-18

control & coordination jump and landing (EO/
EC)

o Balance exercises in
motion with ball (passes,
catches, dribbles)

o Postural balancing
exercises (front/side
plank, pelvic control)

o Corrective exercises for
postural alignment

One-legged balance with 3 x 10-12 reps
or3x20s

Introduce unstable 45 - 60 s
surfaces (foam,

BOSU); increase

jump height;

progress EC

frequency

Improve dynamic
balance and
neuromuscular
control

Balance with direction
changes and external
perturbation (coach-
induced)

o Corrective balance
exercises combining
motion + single-leg
support

o Chest and scapular
strengthening (push-up,
theraband rows, wall
slides)

o Combined

proprioceptive tasks

with ball

Phase 3 - Postural
integration & chest
strengthening

19-24 »

3 x 6-8 reps
or3 x20-25s

60-90s Integrate balance and
posture control in

functional actions

Increased
instability and

task complexity;
perturbations
added progressively

Cool-down (all phases) 2-24 o Postural stretching
(spine, shoulder, lower
limb)

o Breathing and relaxation

drills

10 min

Low intensity none Promote recovery
and postural

realignment

Note: EO: eyes open; EC: eyes closed.

Exercises were integrated into the regular training sessions three times per week (90 min per session). Balance drills were included
during the warm-up (15 min), while corrective and stability exercises were performed in the final cool-down phase (15 min).
Coaches monitored execution quality and attendance, and only athletes with > 85 % compliance were included in post-test analysis.

During Phase 1 (weeks 1-6), the focus was on developing
fundamental balance and proprioceptive awareness. Athletes
performed one-legged and tandem stance exercises with
eyes open and closed on stable surfaces, along with general
stability drills such as planks, bridges, and bird-dogs. The
aim was to consolidate control of the center of pressure and
initiate proprioceptive adaptation under stable conditions.

In Phase 2 (weeks 7-18), exercises evolved toward dy-
namic balance and neuromuscular coordination. The pro-
gression included single-leg jumps and landings, balance
tasks involving a volleyball (passes and catches while main-
taining stance), and corrective postural exercises targeting the

trunk and pelvis. Unstable surfaces (foam pads, BOSU balls)
and eyes-closed conditions were introduced gradually to in-
crease proprioceptive challenge and vestibular involvement.

Phase 3 (weeks 19-24) emphasized postural integration
and functional stability. Exercises simulated game-like
conditions and external perturbations (e.g., partner pushes,
sudden direction changes), combining dynamic balance
with upper-body strength work such as push-ups, theraband
rows, and wall slides for scapular and chest stabilization. The
inclusion of compound proprioceptive drills with the ball
aimed to enhance coordination between balance control and
volleyball-specific movements.

1352



Pogoni, J., Ceruso, R., Kacurri, A., Peluso Cassese, F., & Esposito, G. (2025). The Effects of an ad Hoc Stability Training Protocol
on Improving Balance in Young Volleyball Players

Each exercise was executed under direct supervision by
qualified coaches, ensuring correct technique, progressive
difficulty, and safety. Athletes advanced to more complex
variants only after successfully maintaining proper posture
for at least 30 seconds without compensatory movements.
Rest intervals ranged from 30 to 90 seconds depending on
exercise intensity.

All participants’ attendance and compliance were
recorded weekly; only those who completed at least 85 %
of sessions were included in the post-test analysis. Coaches
were instructed to document any deviations, absences, or
injuries throughout the intervention.

This structured, phase-based program allowed for a
gradual yet continuous improvement in postural control,
aligning proprioceptive and neuromuscular adaptations
with the technical and physical demands of volleyball
performance.

The exercises used within the protocol follow a cognitive
approach, based on a structured organisation of the exercises,
with a defined number of repetitions, execution times and a
clear methodical progression (Esposito et al., 2024).

Test Applications

Balance performance was assessed using the Leonardo
Mechanograph® Force Platform (Novotec Medical GmbH,
Germany), aninstrument widelyvalidated for the quantitative
evaluation of postural stability and neuromuscular control in
youth populations. The platform records center of pressure
(COP) displacements at a sampling frequency of 800 Hz,
providing time- and position-based metrics of postural
control.

The primary outcome was the time (s) the subject was
able to maintain the prescribed balance position during each
test, as automatically recorded by the Leonardo software.
This metric was selected because it represents a functional
indicator of static and dynamic stability and allows easy
interpretation and comparison between conditions.

Moreover, time maintained is a direct measure of
functional balance endurance, reflecting the athlete’s ability
to stabilize posture over a given period, a relevant skill in
volleyball actions such as landing and directional changes.

Secondary analyses focused on COP-derived parameters
provided by the platform’s software for each trial:

1. Sway Path Length (mm): total displacement of
COP during the test, representing overall postural
oscillation.

2. Sway Velocity (mm/s): mean velocity of COP
movement, reflecting efficiency of postural control.

3. Mean COP Deviation (mm): average distance of
COP from the center, quantifying steadiness.

These indicators were used to complement time-based
results and describe qualitative changes in balance strategy
(static vs. dynamic control).

Four standardized postural tests were administered
before and after the 24-week intervention:

1. Tangent stance, eyes open (TanEO) arms at sides.

In this test, the subject stands with feet in contact with
the Leonardo platform, arms at the sides of the body and
eyes open. The aim is to assess the subject’s static balance
while maintaining a stable position without the additional
visual support of closed vision.

2. Tangent Stand, Eyes Closed (TanEC) arms to the sides.
Similar to the previous test, but in this case the subject keeps
their eyes closed. This test assesses balance without visual
input, which makes the test more challenging as the subject
must rely on other sensors to maintain balance.

3. One-Leg Stand, Eyes Open (1L_EO) arms to the sides.

In this test, the subject is standing on one leg, with the
other leg raised off the ground. The arms are at the sides
of the body and the eyes are open. This test measures the
subject’s ability to maintain balance on a reduced support
base (one leg) with the help of visual input.

4. One-Leg Stand, Eyes Closed (1L_EC) arms to the
sides.

Similar to the previous test, but with eyes closed. This
is the most challenging test of the four, as the subject has to
balance on one leg without visual input. This is done using
the Leonardo Platform. The latter consists of two platforms
with four sensors each. Its software contains a protocol with
17 different tests.

Each test was performed three times, with 30-second
rest between trials, and the best value was used for
analysis. Measurements were performed under identical
environmental conditions (quiet room, no visual
distractions).

Before testing, athletes completed a standardized
familiarization trial to ensure correct posture and
understanding of instructions.

The Leonardo platform demonstrates high test-retest
reliability for static and dynamic balance tasks (ICC =
0.86-0.94). All measurements were conducted by the same
operator to reduce inter-rater variability.

Ethical Committee

The study was conducted in accordance with the
Declaration of Helsinki - Ethical Principles for Medical
Research Involving Human Subjects (6 September 2022
revision) and the guidelines of the Ethics Committee for
Scientific Research of Tirana Sports University.

Ethical approval was obtained under protocol number
2385/2, approved on 20 September 2024.

Written informed consent was obtained from all
participants and their legal guardians prior to participation.

Statistical Analysis

Primary analysis was the between-group comparison
of A (pre>post) using independent-samples t-tests with
Hedges’ g and 95% Cls; cluster-robust standard errors
(teams as clusters) are also reported. Within-group changes
were tested with paired t-tests. To analyse the effectiveness
of the experimental protocol, the collected data were
subjected to a statistical analysis. Prior to inferential
testing, the assumptions of normality and homogeneity of
variances were verified using the Shapiro-Wilk and Levene’s
tests, respectively. Descriptive statistics (mean +* standard
deviation, SD) were computed for all variables at pre- and
post-test stages.

Specifically, a paired-samples T-Test was applied
to compare pre- and post-measurements within each
group and an independent-samples T-Test to compare
improvements between EG and CG. This allowed us to test
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whether the experimental protocol resulted in significant
postural improvements compared to the traditional training
programme.

Toassess changes induced by the training protocol within
each group, paired-samples t-tests were performed on pre—
post data for each balance variable (TanEO, TanEC, 1L_EO,
1L_EC). For each comparison, the effect size was calculated
as Cohen’s d for paired samples, with accompanying 95%
confidence intervals (CI). Effect magnitudes were interpreted
according to Cohen’s benchmarks: d = 0.20 (small), 0.50
(medium), 0.80 (large).

To evaluate differential improvements between the
experimental (EG) and control (CG) groups, independent-
samples t-tests were conducted on the A values (post-pre).
Each test reported p-values, Hedges’ g (corrected for small
sample bias), and 95% CI.

Given that athletes were nested within four teams, a
sensitivity check was also performed using a cluster-robust
approach (teams as random units) to confirm the stability of
results under potential intra-team correlation.

Because four outcome tests were analyzed, the
Benjamini-Hochberg false discovery rate (FDR) correction
was applied to control the expected proportion of false
positives. Adjusted p-values are reported alongside
uncorrected ones.

For each variable, both within-group (d) and between-
group (g) effect sizes were reported with 95% CI.

The primary outcome (TanEC test) was interpreted as
the main indicator of protocol effectiveness.

Table 2. Control Group Results

Secondary outcomes (1L_EO, 1L_EC, TanEO) were
used to explore transfer effects on static and dynamic balance
under different visual conditions.

All data visualizations (A mean + 95% CI) were produced
using SPSS Chart Builder and verified for consistency with
tabular data.

Effect sizes were computed as Cohen’s d for paired
samples (within-group) and Hedges g for between-group
comparisons of A (post—pre), both with 95% confidence
intervals. As the monitored parameter decreases with
improved stability, negative A and effect size values indicate
enhancement of postural control.

The analysis was conducted using the Statistical Package
for Social Science software (IBM SPSS Statistics for Windows,
version 25.0, IBM, SPSS Inc., Armonk, NY, USA).

Results

Following the use of the Leonardo Platform, pre- and
post-intervention results were collected for the CG in the
four tests applied (Tan EO, Tan EC, 1L EO, 1L EC). The
data, shown in Table 2, describe the subjects’ performance in
terms of balance time maintained on the platform, measured
in seconds (s), in line with what was previously described.

The same was done for the EG, where the test results are
shown in Table 3.

The T-Test for dependent samples was applied to
understand any significant improvements in EG due to the
proposed training protocol.

Table 3. Exeperimental Group Results

Balance Test (BT) Balance Test (BT)

No. Tan EO (s) Tan EC (s) 1L EO (s) 1L EC (s) No. Tan EO (s) Tan EC (s) 1L EO (s) 1L EC (s)
Pre Post Pre Post Pre Post Pre Post Pre Post Pre Post Pre Post Pre Post
1 305 3.06 11.80 11.82 7.03 7.01 17.78 67.67 1 1.51 1.50 2.78 2.15 497 398 24.02 24.02
2 168 157 1925 19.27 429 428 827 7.89 2 463 463 523 420 659 521 38.05 21.05
3  3.02 304 10.14 1012 340 339 975 9.12 3 1.30  1.20 19.42 10.24 18.98 10.97 49.43 28.32
4 454 452 3250 3252 3.66 390 22.57 20.55 4 092 090 378 276 319 228 8.64 8.12
5 6.79 674 17.83 1781 6.77 6.78 67.11 52.45 5 551 346 457 357 521 478 14.72 14.23
6 043 043 225 229 219 247 1141 1099 6 2.17 220 528 382 504 414 1443 11.49
7 207 211 10.60 1049 6.02 6.05 16.86 18.34 7 0.76 077 3.75 1.77 503 313 10.32 7.56
8 1.19 1.17 1835 1837 329 338 772 721 8 1.88 1.11 9.63 7.34 231 176 12.45 10.45
9 247 245 941 938 241 238 375 370 9 040 040 742 189 269 3.69 832 972
10 423 420 31.40 3040 2.76 2.64 2193 20.65 10 1.06 130 522 438 6.07 418 16.68 14.34
11 254 251 13.10 1210 6.29 5.79 15.65 14.37 11 31.31 10.33 1545 11.54 746 7.13 1336 11.39
12 155 1.53 347 393 3,61 3.17 20.18 28.58 12 243 149 1593 11.24 2.17 1.87 1237 11.78
1 371 370 16,55 16.52 871 7.01 10.68 67.67 1 1.92 0.79 14.52 1055 596 4.78 29.88 15.89
2 338 157 4433 4435 483 356 7.79 7.89 2 1.16 1.01 9.76 7.28 15.88 13.88 19.67 14.76
3 189 267 647 651 354 311 1026 9.12 3 286 124 873 678 545 458 18.75 13.72
4 400 4.07 1445 14.51 12.02 12.04 14.34 20.55 4 1592 10.88 14.50 11.53 7.82 589 9.62 8.32
5 678 622 6.63 665 759 621 588 5245 5 226 178 7.33 568 373 237 6.73 6.11
6 553 043 7.66 359 809 8.07 19.63 10.99 6 399 198 1358 9.74 16.07 11.35 20.00 12.88
7 128 1.31 1437 1449 6.65 6.67 2045 18.34 7 1.71 112 636 454 283 214 10.03 827
8 1.12 1.11 14.69 1470 9.78 9.76 2473 7.21 8 4.00 3.11 1537 7.57 13.02 9.57 14.72 10.73
9 1.03 1.05 899 821 347 345 17.88 3.70 9 535 195 463 254 831 633 480 582
10 3.85 3.78 4540 4542 6.76 6.77 1246 20.65 10 6.64 563 844 7.43 9.08 8.08 20.56 15.55
11 260 2.51 1575 1573 574 5.79 10.16 14.37 11 1.29 1.30 14.02 1396 198 2.19 21.45 19.32
12 1.60 1.53 12.01 12.03 7.67 7.65 1623 28.58 12 588 3.67 1248 9.68 7.88 6.65 22.78 17.87
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Table 4. Change scores (A), effect sizes with 95% CI, and
between-group p on A

A (Post-Pre,

H 0,
Test Group mean + SD) Effect size  95% CI

EG -1.80+£2.10 .051 d=-0.42 [-0.84,-0.00]
TanEO

CG -0.29 £ 1.11 107 d=-0.26 [-0.67,0.14]

E -2.75+193 <.001 d=-1.23 [-1.76,-0.70]
TanEC

CG -0.26 £0.88 <.001 d=-0.29 [-0.70,0.12]

E -1.53+1.79 <.001 d=-0.86 [-1.32,-0.39]
1L_EO

CG -0.22+092 .00l d=-043 [-0.84,-0.01]

EG -4.17+3.13 .001 d=-0.74 [-1.20,-0.29]
1L_EC

CG +540+6.92 .026 d=+0.28 [-0.13,0.69]

Results show that for Tan EO there is no significance
difference, as P=.051. For Tan Ec the P-value is P=.00000688;
for 1L EO the P-value is P=.0003; for 1L EC the P-value is
P=.0013; thus, for these three tests, significance was verified.
To compare the CG and EG results, it is necessary to use
the T-test for independent samples. To proceed, the Delta
for each group must be calculated and compared using the
previously mentioned test, establishing significance with a
value of P < 0.05. In The Results shown that for Tan EO there
is no significance in the comparison between CG and EG, as
P=.107. For Tan EC, the P-value is P=.000019; for 1L EO, the
P-value is P=.0018; for 1L EC, the P-value is P=.025; thus,
for these three tests, there is significance in the comparison
between CG and EG.

The comparison of change scores (A = post-pre) revealed
significant advantages for the Experimental Group (EG) in
three of the four balance tests. Large effects were observed in
TanEC (Hedges g = —1.44; 95% CI [-2.08, —0.80]) and 1L_
EO (g=-0.98;95% CI [-1.58,-0.38]), and a moderate effect
in 1L_EC (g = -0.67; 95% CI [-1.25, —0.09]). The TanEO
test showed a small, non-significant effect (g = —0.47; 95%
CI [-1.05, 0.10]). Negative values indicate greater reduction
(improvement) in the EG compared with the CG.

Paired-sample analyses revealed large improvements
in the EG for TanEC (d, = -1.23; 95% CI [-1.76, —0.70]),
and moderate-to-large effects for IL_EO (d, = —0.86; 95%
CI [-1.32, —0.39]) and 1L_EC (d, = —0.74; 95% CI [~1.20,
—0.29]). The TanEO test showed a small effect (d, = —0.42;
95% CI [~0.84, —0.00]).

Conversely, the CG showed only small or trivial changes,
with most confidence intervals crossing zero.

These findings confirm that the experimental stability
training protocol effectively enhanced postural control,
particularly under more demanding conditions (eyes closed
or single-leg stance).

Discussion

The results of the study showed significant improve-
ments in balance for the EG, compared to the CG. Specifi-
cally, the Tan EC, 1L EO and 1L EC tests showed statistically
significant improvements with P=.0019; P=.0018 and P=.02,
respectively, suggesting that the specific balance training
protocol had a significant impact on the balance of the vol-
leyball athletes considered for the study. Previous studies
have shown that better postural control correlates with bet-

ter sports performance and a reduced risk of injury (Hrys-
omallis, 2011). In particular, the ability to maintain stability
in high-intensity game situations is crucial for optimising
movement efficiency and motor co-ordination (Andreeva et
al,, 2021). Reduced reliance on the visual system suggests an
improvement in proprioceptive and vestibular integration,
which are crucial for volleyball athletes. Another study by
Gioftsidou et al. (2012) showed that proprioceptive training,
integrated into warm-up programmes, can improve postural
stability in team sports players, confirming the effectiveness
of the method used in our study. The improvement observed
in EG compared to CG can be attributed to the specific nature
of the protocol, which included single-leg balance exercises,
dynamic exercises with and without a ball, and a postural
stabilisation programme. Increasing the difficulty of the ex-
ercises over time may have contributed to better neuromus-
cular adaptation, as suggested by Gribble et al. (2012), who
demonstrated that progressive protocols were more effective
in improving postural stability than isolated static exercises.
The result of the Tan EO test, which did not show significant
improvements, suggests that static stability with visual input
already present was not a limiting factor for athletes, while
more challenging conditions (visual occlusion or balancing
on one limb) showed more room for improvement.

Practical Implications

The results of the study suggest that integrating specific
balance exercises into volleyball training programmes can
improve athletes’ postural stability and reaction ability.
Coaches and athletic trainers can implement similar
protocols in the warm-up and cool-down phase to improve
postural stability, motor co-ordination and motor control.
Furthermore, training focused on postural stability could
contribute to injury prevention, especially in the landing
phases after ajump, where balance control is essential to avoid
lower limb injuries. The application of such protocols can
also be extended to other sports that require high dynamic
stability, such as basketball and gymnastics, suggesting their
potential cross-disciplinary utility.

Limitations of the Study

Despite the significant results, the study has some
limitations. The sample is relatively small and limited to
a specific age group (14-16 years), which might influence
the generalisability of the results to other categories of
athletes. Furthermore, the six-month intervention period,
although sufficient to observe significant changes, may
not have captured any long-term effects of the training
protocol. Another limitation is the absence of a detailed
biomechanical analysis that could have provided more in-
depth data on training-induced neuromuscular adaptations.
Finally, the experimental protocol focused exclusively on
balance exercises, without integrating other components of
athletic training such as explosive strength and quickness,
which could further influence the athletes’ performance.

Conclusion

The results confirm the effectiveness of the proposed
ad hoc balance protocol in improving postural stability,
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motor coordination and motor control in volleyball
athletes. Comparison with the literature suggests that
such protocols may have significant implications for both
sports performance and injury prevention, supporting the
integration of balance exercises into training programmes.
These findings emphasise the importance of incorporating
balance-specific training protocols into the training of
volleyball athletes. The inclusion of stability exercises in the
warm-up and defatigue phase may be an effective strategy to
improve proprioceptive skills and reduce the risk of injury.
Future research could examine the effect of different types of
proprioceptive exercises (e.g., training on unstable surfaces
or exercises under conditions of external perturbation) and
evaluate the transfer of these improvements to volleyball-
specific performance, such as jumping, landing and reactivity
in changes of direction.
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Bnane cnewianbHOro NnpoToKony TpeHyBaHHA CTabinbHOCTI
Ha NoninweHHA piBHOBarv LHNX Bonenbonicrie

IOHa IToroHi'®", Po3zapio Yepy3o0>*A“P, Ap6en Kauyppi'**PE, ®pandyecko
ITenyso Kaccese*“P, [[>xoBanHi Ecio3ito*”

"VuiBepcurer ciopry Tupann
*YuiBepcurer ITeraco
*YuiBepcurer Beponu
*“ITeraco YuiBepcurer Heanons

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

Pe¢epar. Crarrs: 8 c., 4 Tabi., 18 mxeper.

Mera gocmimkeHHA. MeTa I[bOTO TOCTi/[)KeHHA MONIATaNa B OliHIli eeKTBHOCTI iHAMBifyamisoBaHOl MporpaMu TpeHyBaHb
y IOKpallleHHI piBHOBATH cepef IOHUX CIIOPTCMEHiB-BOIeO0IiCTiB.

Marepianyu ta MeToau. Y JOCTI/KeHHI B35 y4acTb 48 criopTcMeHiB (BikoM 14-16 pokiB) 3 4OTHMPHOX BOJIENOONBHMX
KOMaHJ|, po3finennx Ha ekcrnepuMmentanpHy (EI) tTa xoutponbny (KI') rpymm. IIporsrom urectn micsauis EI' gorpumysanacs
crieliay1i3s0BaHOro IPOTOKOIY, 1110 IepefdadaB iHTerpalito BIIpaB Ha PiBHOBATY O MPOTpaMy PO3MMHOK Ta MOCTTPEHYBaIbHUX
ceciit, AKi OXOITIOBa/IN K CTAaTMYHI, TaK i AMHaMiyHi Bopasy, Toi Ak KI' saiimanacs sa cTaHfapTHOI Iporpamor. OLiHIOBaHHSA
piBHOBaryu IMPOBOAMIOCA 3a fornoMorolo miaTdopmu Leonardo i3 BUKOPUCTaHHAM TeCTiB Iepef Ta IiC/IA BIPOBAJPKEHH:A MPO-
tokomy. CTaTMCTUYHMIT aHAJII3 BKII0YaB BUKOPMCTAHHS T-KpuTepiiB A/Is1 IApHMX Ta He3a/IeKHMX BIOIPOK 3 METO MOPIBHAHHS
BHYTPIIIHBOIPYTIOBMX 3MiH Ta MDKTPYIIOBUX BifMiHHOCTEI.

Pesynbratu. OTpyMaHi pesy/IbTaTy BUABIIM 3HAYHE TIOMIIIIeHH TOKasHMKiB B EI, 1110 0c06/11BO TOMITHO y BUKOHAHHI Tec-
Ty TanEC (p =.00001), BKasyrouy Ha IifiB1IeHH:A cTabiIbHOCTI O6e3 BisyanbHOro opieHTHpa. BupaskeHi mokpaleHHsA Takox 6y
BiZj3Ha4YeHi y BMKOHAHHI TeCTiB crabinpHocTi Ha opuin kinnisui (1L_EO, P = .0018; 1L_EC, P = .0258). Haromictp Tect TanEQO
He TI0Ka3aB iCTOTHMX IPyHoBUX BigmiHHOCTeI (p = .107), 1110 CBifYUTD PO MiHIMaTbHUIT BIUIMB Ha CTAabLIBHICTD 3a Bi3ya/lbHMX
YMOB.

BucnoBku. IIpefcraBieHi pesyabraTt MiAKPeCTO0Th e(eKTUBHICTD 3aCTOCYBAHHS a/JalITOBAHNX TPEHYBAHDb PIBHOBArH y
HOKpAllleHH] TOCTYpaIbHOI CTabiIbHOCTI, KOOPAMHALIIT PyXiB Ta KOHTPOJIIO Ceperi IOHNX BOJIEOOICTIB, 1[0 CBIXYMNTb Ha KOPUCTD
inTerpanii HiTbOBMX BIIPAB [0 MPOTPaM CIOPTMBHOIO TPEHYBAHHA 3 METOIO ONTMMIi3allii pe3y/IbTaTiB.

Knro4oBi cmoBa: KOHTPO/b PyXiB, pe3y/l1bTaTUBHICTb, IOCTypa/bHe TeCTYBaHHA.
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Abstract

Background. Yoga and elastic-band resistance training (EBRT) are cost-effective methods to enhance physical
function, yet their combined effects on competitive young tennis athletes remain underexplored.

Objectives. This study aimed to examine the impact of a 12-week yoga + EBRT program on functional fitness in

intermediate-level male tennis players.

Materials and Methods. Thirty-four athletes (age 20.3 + 1.5 years) were randomly assigned to an experimental
group (yoga + EBRT, n = 17) or control group (regular tennis training, n = 17). Functional outcomes were assessed
at baseline, week 6, and week 12 using the Chair Stand, Arm Curl, Chair Sit-and-Reach, Single-Leg Stance, and
Timed Up-and-Go (TUG) tests. A 2 x 3 repeated-measures ANOVA evaluated group x time effects, with effect sizes
reported as Cohen’s d and partial eta squared (1%,) with 95% confidence intervals (CIs).

Results. Significant group x time interactions were found for all outcomes (p < 0.01). At post-test, the experimental
group showed superior performance compared with controls in arm curl (+4.2 reps, 95% CI [1.77, 6.63], d = 1.16),
chair stand (+2.3 reps, 95% CI [-0.23, 4.83], d = 0.61), sit-and-reach (+6.2 cm, 95% CI [3.12, 9.28], d = 1.35), and
TUG (-1.0's, 95% CI [-1.44, —0.56], d = —1.53). Improvements in single-leg stance were small and non-significant
(+1.2'5,95% CI [-2.03, 4.43], d = 0.25). Attendance averaged 88%, with no adverse events reported.

Conclusions. A 12-week yoga and EBRT program significantly improved muscular endurance, flexibility, and
mobility compared with regular training, with large effect sizes observed for upper-body endurance, flexibility,

and dynamic agility. These findings support the use of combined yoga and elastic-band protocols as a practical
conditioning option for young tennis athletes. Further studies should integrate tennis-specific performance metrics to

confirm sport transferability.

Keywords: yoga, elastic-band resistance training, tennis athletes, functional fitness, balance, flexibility.

Introduction

Participation in sports and physical activity extends
far beyond physical training; it serves as a vital driver of
holistic growth, enhancing not only physical fitness but also
psychological health and overall well-being (Choudhary &
Dubey, 2024; Choudhary et al., 2024). Tennis is a physically
demanding sport that places high and varied demands on
the musculoskeletal and neuromuscular systems, requiring

© Choudhary, P. K., Choudhary, S., Wulandari, I., & Saha, S.,
2025.

@ PETM
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repeated explosive actions, rapid change-of-direction,
unilateral stability, and reliable recovery between high-
intensity efforts (Fernandez-Fernandez et al., 2013; Koya et
al., 2022). Tennis performance requires a unique blend of
explosive strength, endurance, flexibility, and repeated high-
intensity efforts (Kovacs, 2006), underscoring the relevance
of conditioning programs that target multiple functional
domains. Conditioning programs for tennis, therefore,
commonly combine strength, power, plyometric, and
neuromuscular training to optimise on-court performance
and reduce injury risk (Guo, 2024; Ramirez-Campillo et
al., 2023). However, practical constraints (time, equipment
availability, and athlete schedules) and the need to preserve
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movement quality have driven interest in hybrid, low-cost
modalities such as elastic-band resistance and mind-body
practices (e.g., yoga) that can be integrated into athletes’
routines while targeting complementary physiological
and sensorimotor systems (Lopes et al., 2019; Hernandez-
Martinez, 2024). Recent intervention studies have
demonstrated that integrated conditioning approaches can
meaningfully enhance tennis-related capacities such as skill,
agility, strength, and balance. For instance, Bangari et al.
(2025) reported significant improvements in tennis skills,
agility, strength, and balance following a 12-week integrated
core and plyometric program in adolescent players. Parallel
evidence shows that high-intensity interval training elicits
substantial performance gains in adolescent tennis athletes
(Choudhary & Choudhary, 2025), whilea 12-week structured
yoga intervention produced notable improvements in
flexibility, balance, and joint kinematics in university athletes
(Choudhary, S., et al.,, 2025). Shorter yoga-based protocols,
such as a six-week Surya Namaskar program, have also been
shown to enhance back flexibility and lumbar flexion in
young females (Dubey & Choudhary, 2024), supporting the
inclusion of yoga-derived mobility work within multimodal
conditioning for tennis. Recent perspectives highlight yoga’s
neurophysiological benefits and its potential role in clinical
neurology, supporting the idea that mind-body practices can
produce central nervous system adaptations beneficial for
motor control and sensorimotor integration (Choudhary &
Choudhary, 2025).

Yoga and elastic-band resistance each have a growing
evidence base for improving functional fitness components
relevant to sport. Yoga interventions have been shown to
increase joint range of motion, balance, and movement
control in athletic and non-athletic populations (Amin
& Goodman, 2014; Gothe & McAuley, 2016; Polsgrove et
al,, 2016), and athlete-targeted trials report improvements
in flexibility and postural stability after short to moderate
training blocks (Polsgrove et al., 2016). Elastic-band
resistance training (EBRT) produces strength gains
comparable to conventional resistance training, while
offering low equipment cost, portability, and high exercise
specificity when arranged in functional, multiplanar patterns
(Lopes et al., 2019; Hernandez-Martinez, 2024). Elastic
resistance bands have been shown to acutely enhance jump
performance via post-activation potentiation, highlighting
their capacity to improve explosive neuromuscular function
(Chaware & Lum, 2024). Importantly, combinations of
yoga and elastic-band exercise have been trialled in clinical
and older-adult samples with positive effects on mobility,
balance, and functional capacity, supporting the face validity
of coupling these modalities for broader populations (Akbar
et al., 2022; Buttichak et al., 2023). From a mechanistic
standpoint, combined yoga + EBRT is plausibly suited to
address both peripheral and central contributors to tennis
performance. Peripheral adaptations include improvements
in musculotendinous extensibility and joint range of motion
through sustained stretch and soft-tissue remodelling,
which support larger and more efficient movement arcs
(Amin & Goodman, 2014; Polsgrove et al., 2016). EBRT
offers progressive overload to muscular and tendinous
structures in sport-specific directions (e.g., resisted rows,
lateral lunges, rotational chops), translating to improved
force production and muscular endurance relevant to

serving and repeated groundstrokes (Lopes et al., 2019;
Fernandez-Fernandez et al., 2013). Central adaptations
include enhanced neural drive, motor unit recruitment,
and inter-muscular coordination that appear early in
resistance programs and underpin rapid gains in strength
and power (Aagaard, 2003). In parallel, the attentional
and sensorimotor training elements of yoga are associated
with improved proprioception and movement consistency,
possibly augmenting motor learning and movement
economy when paired with resistance stimuli (Cotman et
al., 2007; Lim, 2019). Evidence from tennis-specific and
athlete-focused research supports the transfer potential
of multimodal programs. Short-term tennis conditioning
that combined elastic resistance, medicine-ball work, and
core training produced measurable increases in serve
velocity in juniors (Fernandez-Fernandez et al., 2013), and
resisted sprint interventions improved acceleration and
horizontal power in young tennis players (Moya-Ramon
et al., 2020). Systematic reviews and recent meta-analyses
of neuromuscular training indicate significant benefits for
serve speed, sprint, and change-of-direction performance,
and muscular strength when balance, plyometric, and
resistance components are combined (Zhou et al., 2025;
Deng et al., 2025). Thus, a hybrid program that mixes yoga’s
mobility and balance emphasis with EBRT’s progressive,
sport-specific overload is theoretically capable of producing
both the physical capacitiesand motor controlimprovements
that are meaningful for tennis performance.

Balance and proprioception are particularly important
in tennis because the sport demands rapid transitions from
dynamic movement to stable stroke platforms and frequent
unilateral loading (Jacquier-Bret et al., 2024). Contemporary
reviews demonstrate that targeted proprioceptive and
sensorimotor training produce robust improvements in
balance, postural control, and explosive strength across
athletic cohorts (Winter, 2022; Yilmaz, 2024; Sluga & Kozinc,
2024). These adaptations reduce movement variability,
speed reactive stabilisation, and likely contribute to injury
risk reduction when implemented alongside strength work
(Winter, 2022; Sluga et al., 2024). Therefore, integrating
balance-centric yoga poses (e.g., Tree, Warrior III) and
unilateral EBRT progressions (e.g., single-leg Romanian
deadlifts, lateral band walks) creates a coherent training
stimulus for tennis athletes.

Despite promising theoretical and empirical
foundations, gaps remain. Much of the prior work on
yoga + band combinations has been conducted in older
or clinical populations (Akbar et al., 2022; Muangritdech,
2023), leaving a relative paucity of randomised, sport-
specific trials in young competitive athletes. Similarly, while
elastic resistance and neuromuscular training are supported
individually by systematic reviews and meta-analyses (Lopes
et al, 2019; Ma, 2025; Rong, 2025), clear evidence on the
dose, progression, and periodisation of combined yoga +
EBRT programs for maximal transfer to tennis performance
is limited. Additionally, many tennis conditioning studies
focus narrowly on isolated outcomes (e.g., serve speed),
whereas coaches require evidence that interventions improve
a constellation of functional qualities (strength, flexibility,
balance) that together underpin court performance and
injury resilience (Fernandez-Fernandez et al., 2013; Koya
etal., 2022).
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While previous research has shown that yoga can
improve flexibility and balance (Dubey & Choudhary, 2024)
and that elastic-band resistance training effectively develops
muscular strength (Lopes et al., 2019; Choudhary et al., 2025;
Herndndez-Martinez et al., 2024), there is limited evidence
on their combined effects in competitive sport contexts. Most
yoga + resistance interventions have been applied to older
or clinical populations (Muangritdech et al., 2023), while
tennis-specific conditioning studies have primarily focused
on isolated modalities such as plyometrics, high-intensity
interval training, or traditional strength training (Bangari et
al., 2025; Choudhary et al., 2025). Thus, it remains unclear
whether integrating yoga with elastic-band resistance can
yield complementary neuromuscular, flexibility, and balance
adaptations in young, competitive tennis athletes.

Although both yoga and elastic-band resistance training
have independently demonstrated positive effects on flex-
ibility, balance, muscular strength, and overall functional
fitness, the majority of combined interventions have been
tested primarily in clinical or elderly populations (Akbar et
al., 2022; Muangritdech et al., 2023; Jangphonak et al., 2025).
These studies consistently report improvements in mobility,
joint stability, and quality of life, but they provide limited
insight into the transferability of such programs to young,
competitive athletes engaged in high-intensity, sport-specif-
ic training. Previous research has demonstrated that a yoga
combined elastic band program can significantly improve
balance and functional fitness in older adults (Jangphonak et
al,, 2025). However, evidence in competitive young athletes
remains scarce. To date, evidence on yoga combined with
resistance band training in athletic contexts remains scarce,
and randomised controlled trials (RCTs) in tennis players
are virtually nonexistent. This gap highlights the need to in-
vestigate whether the synergistic benefits observed in clini-
cal samples can extend to sports populations where explo-
siveness, endurance, and balance are critical to performance.

Equally important are the practical considerations
faced by coaches and athletes. Traditional resistance
training often requires access to gyms, heavy equipment,
and structured supervision, which may not always be

feasible in resource-limited tennis academies or during
travel for tournaments. In contrast, elastic-band resistance
training and yoga are cost-effective, portable, and highly
adaptable methods that can be implemented with minimal
equipment. When integrated, they provide both peripheral
benefits (musculoskeletal strength, extensibility) and central
adaptations (neuromuscular coordination, proprioceptive
control). This makes the hybrid program not only
scientifically promising but also practically viable, offering
coaches a conditioning approach that supports performance
while reducing logistical barriers.

Therefore, the present study aimed to evaluate the effects
of a 12-week structured yoga combined with an elastic-band
resistance training program on functional performance,
muscular endurance, flexibility, balance, and mobility among
intermediate-level male tennis athletes compared with a con-
trol group engaged in regular training. It was hypothesised
that the intervention group would demonstrate significantly
greater improvements across all outcomes, with particularly
pronounced gains in flexibility and balance due to the syner-
gistic effects of yoga and proprioceptive resistance.

Materials and Methods

Study Design

This study employed a two-arm, parallel-group
randomised controlled trial (RCT) design with repeated
measures at three time points: baseline (T0), mid-test at
week six (T1), and post-test at week twelve (T2) to examine
the effects of a yoga combined elastic band training program
on functional performance and balance among competitive
young tennis athletes. Participants were randomly assigned
in a I1:1 allocation ratio using computer-generated
randomisation, with 17 athletes allocated to the experimental
group and 17 to the control group. The intervention group
received the structured training protocol, whereas the
control group continued with their regular tennis training
routines (table 1). To minimise bias, both outcome assessors
and data analysts were blinded to group allocation.

Table 1. Yoga + Elastic Band Training Protocol (12 Weeks, Experimental Group)

Week Warm-.Up (10 Elastic Band Training (Sets x Reps, Tempo, Yoga Poses. (Sets x Hold Cool-Down (10 min)
min) Band Colour) Time)

1-2 Light jog, Squats (2x12, yellow), Lateral walks (2x8, Tree (2x20s), Forward bend  Static stretches,
mobility drills yellow), Rows (2x10, red) (2%20s) breathing

3-4 Skipping, side Squats (3x10, red), Push press (2x10, red), RDL ~ Warrior II (2x30s), Knee-to- Spinal twists, stretches
shuffles (2x8, red) chest (2x20s)

5-6 Ladder drills, Single-leg squats (3x8, green), Hip thrusts Pigeon (2x20s), Tree with Guided breathing, long
lunges (3x10, green), Rows (3x10, green) band (2x25s) stretches

7-8 High knees, Lateral lunges (3x10, green), Overhead press Warrior III (2x25s), Cow Yoga Nidra, stretches
planks (3x10, green), Face pulls (3x12, green) face (2x25s)

9-10 Skipping + agility Single-leg RDL (3%8, blue), Band squat jumps Balance flow (Tree > Hamstring/hip stretches
cones (3%8, blue), Resisted push-ups (3x10, blue) Warrior III)

11-12  Sport-specific Resisted sprints (4x15m, blue), Rotational chops Combined sequence (Tree, = Dead Body Pose, static

footwork (3x8, blue), Rows (3x10, blue)

Warrior II, Leg lift) (2x30s  stretches

each)

Notes: Tempo = 2s concentric, 1s pause, 2s eccentric; RPE = 6-8/10 depending on week; band colors increased progressively (yellow >

blue). Yoga pose holds increased from 20 to 40s over 12 weeks.
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Enroliment Assessed for eligibility (n= 38)

Excluded (n=4)
+ Not meeting inclusion criteria (n= 4)

+ Declined to participate (n= 0)
+ Other reasons (n=0)

Randomized (n= 34)

l {___ Allocation ,l l
Allocated to intervention (n=17)
+ Received allocated intervention (n=17)
+ Did not receive allocated intervention (give Allocated to control group (n=17)
reasons) (n=0)
l Follow-Up l
Lost to follow-up (give reasons) (n=0)
Discontinued intervention (give reasons) (n=0) Lost to follow-up (give reasons) (n=0)

l Testing Points l

Testing Points

Testing Points

Baseline (TO), Mid (T1), Post-Test (T2)

l ) |

Analysed (n= 17)
+ Excluded from analysis (give reasons) (n=0)

Baseline (TO), Mid (T1), Post-Test (T2)

Analysed (n=17)
+ Excluded from analysis (give reasons) (n=0)

Fig. 1. CONSORT flow diagram of participant recruitment,
allocation, follow-up, and analysis

Participants

A total of thirty-four male tennis athletes classified in
the Eclipse category, aged between 18 and 23 years, were
recruited for the study. Inclusion criteria required athletes to
be male, within the specified age range, and to demonstrate
an intermediate playing level. The intermediate level was
operationally defined as engaging in regular tennis training
three to six times per week, sustaining practice sessions
of 60-90 minutes, and demonstrating fundamental tennis
competencies such as consistent groundstrokes, reliable
serving ability, and verified match experience as confirmed
by both the coach and athlete.

Table 2. Demographic characteristics of participants

Control  Experimental
. Group Group  Total (N = 34)
Rzl (n=17) (n=17) M+SD
M+ SD M + SD
Age (years) 20215 204+1.6 203+15
Height (cm) 176.8+62  177.3+59  177.0 6.0
Weight (kg) 69.5+78  702+81  69.8+7.9
BMI (kg/m?) 21419  224+20 222419
Playing experience (| 4 64415 6.3+ 1.4
(years)
Weelly training 41+0.8 43409 42+0.8

frequency (sessions)

All participants were medically cleared for exercise,
provided written informed consent, and committed to
attending at least 80% of the scheduled training sessions.

Ethics Consideration

The study was conducted in accordance with the
principles of the Declaration of Helsinki. It was approved
by a local ethics committee, and written informed consent
was obtained from all participants before data collection..
All procedures were non-invasive, posed minimal risk to
participants, and involved standard training and fitness
assessments commonly used in sport science research. All
participants were fully informed about the study objectives,
procedures, potential risks, and benefits,and provided written
informed consent before participation. Confidentiality and
anonymity were strictly maintained throughout the study.

Exclusion Criteria

Exclusion criteria included any current musculoskeletal
injuries that could impair training or performance, diagnosed
cardiovascular, respiratory, or neurological disorders that
contraindicate moderate-intensity exercise, current or recent
use of performance-enhancing substances, and concurrent
participation in other structured training interventions that
could confound the study outcomes. These criteria were
implemented to ensure homogeneity in playing level and to
minimise extraneous variability that could bias the results.

Sample Size and Power Analysis

The final sample size of thirty-four athletes was primarily
determined by practical considerations of athlete availability;
however, it was cross-validated against established statistical
power requirements. According to Cohen’s power analysis
framework, using G*Power software for a repeated-measures
ANOVA with a within-between interaction, an alpha level of
0.05, a statistical power of 0.80, and a medium effect size
(f = 0.25), the recommended sample size is approximately
34-40 participants. Therefore, the inclusion of 34 athletes
in this study was considered adequate to achieve sufficient
statistical power for detecting meaningful changes while
maintaining a feasible recruitment target within the specific
population of young competitive tennis athletes.

Intervention Fidelity

To ensure consistency and accuracy in the delivery of
the training program, all yoga and elastic-band sessions were
supervised by certified instructors with expertise in strength
and conditioning and yoga practice. Athlete attendance was
recorded, and participants were required to complete at least
80% of sessions to remain eligible for analysis. Instructors
provided live corrections to maintain proper exercise
technique, while research assistants monitored adherence
and documented any deviations. This process ensured that
the intervention was implemented as designed and reduced
the likelihood of performance bias.

Randomisation, Allocation Concealment, and Blinding

Participants were randomly assigned to either the
experimental group (yoga + elastic-band training) or the
control group (regular tennis training) using a computer-
generated random number sequence (1:1 allocation).
Allocation concealment was ensured through the use of
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sealed, opaque, sequentially numbered envelopes, which
were prepared by an independent researcher not involved in
participant recruitment or outcome assessment. To minimise
bias, outcome assessors and data analysts were blinded to
group assignments throughout the study. Assessors who
administered and recorded the functional fitness tests were
not informed of participant allocation, and raw data were
coded before statistical analysis to maintain objectivity.

Outcome Measures

The assessments were conducted following standardised
procedures established by Jones and Rikli (2013), which
provide validated field-based measures of functional
fitness commonly applied in exercise science research. The
following tests were selected for this study: All outcome
assessments were conducted at three time points: baseline
(T0), mid-test at week six (T1), and post-test at week twelve
(T2) using standardised and validated physical fitness tests
adapted from Rikli and Jones’ Senior Fitness Test battery.
Five primary measures were employed:

Chair Stand Test (lower-body strength): Participants
were instructed to stand up and sit down from a standard
chair as many times as possible in 30 seconds, with arms
crossed over the chest. The total number of repetitions was
recorded.

Arm Curl Test (upper-body strength): Using an
8-pound (3.6 kg) dumbbell, participants performed as many
bicep curls as possible within 30 seconds. The number of
completed repetitions was recorded.

Chair Sit-and-Reach Test (flexibility): Participants sat
on the edge of a chair with one leg extended and attempted
to reach toward their toes using both hands. The distance
between the fingertips and toes was measured in centimetres,
with positive values for overlap and negative values for
shortfall.

Single-Leg Stance Test (static balance): Participants
were timed while standing on one leg with arms at the side
and eyes open, until balance was lost or the foot touched the
floor. The best attempt was recorded in seconds.

Time Up-and-Go Test (dynamic balance and agility):
Participants were timed while standing from a chair, walking
three meters, turning, and returning to sit. The total time to
complete the task was measured in seconds.

All tests were administered by trained assessors
blinded to group allocation, and each participant was given
a familiarisation trial before data collection. To minimise
variability, testing was conducted at the same time of day (+1
hour) across all time points, and participants were instructed
to avoid strenuous exercise 24 hours before assessment.
The primary outcomes were changes in muscular strength,
flexibility, and balance across the three testing intervals.

Statistical Analysis

All statistical analyses were conducted using IBM SPSS
Statistics version 26.0 (IBM Corp., Armonk, NY, USA), with
the significance level set at p < 0.05. Descriptive statistics,
including mean and standard deviation (M + SD), were
calculated for all variables at each measurement point. Prior
to inferential analysis, the dataset was screened for missing
values, outliers, and entry errors. Assumptions of normality

were evaluated using the Shapiro-Wilk test along with visual
inspection of Q-Q plots, while homogeneity of variance
was assessed through Levene’s test. For repeated-measures
analyses, Mauchly’s test of sphericity was performed, and in
cases where sphericity was violated, the Greenhouse-Geisser
correction was applied.

To examine changes in performance over time and
differences between groups, a 2 (Group: Experimental vs.
Control) x 3 (Time: TO baseline, T1 mid-test, T2 post-test)
repeated-measures analysis of variance (RM-ANOVA)
was performed for each outcome measure (Arm Curl,
Chair Stand, Chair Sit-and-Reach, Single-Leg Stance, and
Time Up-and-Go). The analysis provided main effects for
time, main effects for group, and group x time interaction
effects. When significant interactions were observed, post
hoc pairwise comparisons with Bonferroni adjustments
were conducted to identify the source of differences across
time points within each group and between groups at each
measurement interval.

Effect sizes were reported as partial eta squared (n?,)
for the ANOVA outcomes, interpreted as small (0.01),
medium (0.06), or large (0.14). For post hoc comparisons,
Cohen’s d was calculated to quantify the magnitude of
between-group and within-group differences. In addition,
baseline equivalence between groups was examined using
independent-samples t-tests for continuous variables (age,
height, weight, BMI, and test scores) and chi-square tests
for categorical variables. Missing data were handled using a
complete-case approach if <5% of values were absent; if more
extensive missingness occurred, SPSS’s multiple imputation
procedure (Fully Conditional Specification) was applied,
and pooled results were reported.

Results

The present study evaluated the effects of a 12-week yoga
program combined with an elastic band training program
on functional performance outcomes in young male tennis
athletes. Descriptive statisticsare first presented to summarize
participant characteristics, followed by assumption checks to
ensure compliance with parametric test requirements. The
main findings are then reported from repeated-measures
ANOVA, highlighting group, time, and interaction effects.
Finally, detailed within-group comparisons with effect sizes
are provided to illustrate the magnitude of changes across
the intervention period.

Table 7 presents descriptive statistics and within-group
changes across baseline, mid-test, and post-test.The experi-
mental group showed consistent improvements in all out-
comes, with large gains in arm curl, chair stand, sit-and-
reach, single-leg stance, and reduced TUG times.

Control group values remained largely unchanged,
with negligible or negative changes across the 12 weeks.
Significant within-group improvements were evident only
in the intervention group (p < 0.001). These results confirm
the progressive and sustained benefits of yoga combined
with elastic-band resistance training.

Table 8 compares post-test outcomes between the
experimental and control groups with mean differences, 95%
confidence intervals, and effect sizes. The intervention group
outperformed controls in all measures, with large effects in
arm curl, sit-and-reach, and TUG time.
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Table 3. Shapiro-Wilk test for normality of outcome
measures

Table 4. Levene’s Test of Homogeneity of Variances for
outcome measures at baseline, mid-test, and post-test

Baseline Mid-Test Post-Test

Outcome Measure Group (TO) (p) (T1)(p) (T2)(p)
Arm Curl Test Control 0.214 0.311 0.268
Experimental  0.356 0.284 0.227
Chair Stand Test Control 0.189 0.241 0.198
Experimental  0.254 0.336 0.298
Chair Sit-and-Reach Control 0.227 0.302 0.310
Experimental  0.241 0.290 0.331
Single-Leg Stance ~ Control 0.218 0.254 0.279
Experimental  0.276 0.325 0.298
Time Up-and-Go  Control 0.243 0.289 0.301
Experimental  0.266 0.313 0.286

Note. Shapiro-Wilk tests indicated that all outcome measures
were normally distributed at baseline, mid-test, and post-test (p
> 0.05), satisfying the assumption of normality for parametric
analyses

Moderate improvements were seen in chair stand
repetitions, while single-leg stance showed small, non-
significant differences. Negative values for TUG mean
difference favour the experimental group, as lower times
indicate better performance. Overall, the between-
group analysis confirms the practical significance of the
intervention beyond statistical improvements.

Discussion

This 12-week yoga plus elastic-band program produced
consistent, meaningful improvements in functional
performance, upper- and lower-body muscular endurance,
flexibility, static and dynamic balance among intermediate

Table 5. Mauchly’s Test of Sphericity for Time (T0, T1, T2)

Outcome Measure  Time Point F-value p-value
Baseline (T0) 0.84 0.37
Arm Curl Test Mid-Test (T1) 0.92 0.34
Post-Test (T2) 1.12 0.29
Baseline (T0) 0.78 0.38
Chair Stand Test Mid-Test (T1) 0.91 0.34
Post-Test (T2) 1.03 0.31
Baseline (T0) 0.69 0.41
Chair Sit-and-Reach Mid-Test (T1) 0.87 0.36
Post-Test (T2) 1.08 0.30
Baseline (T0) 0.74 0.40
Single-Leg Stance ~ Mid-Test (T1) 0.96 0.33
Post-Test (T2) 1.15 0.28
Baseline (T0) 0.88 0.36
Time Up-and-Go ~ Mid-Test (T1) 1.02 0.31
Post-Test (T2) 1.09 0.29

Note. Levene’s Test for equality of variances indicated no
significant differences in variance between groups across all
outcome measures at baseline, mid-test, and post-test (p > 0.05)

male tennis athletes, while the control group (regular tennis
training) showed minimal change. These findings mirror
and extend the work of Jangphonak et al. (2025), who
reported significant gains in strength, flexibility, and balance
following a shorter (6-week) yoga + elastic-band program
in older adults. Translating those mechanisms to a younger,
sport-specific population helps explain why the experimental
group here exhibited larger improvements: the combined
regimen targets both peripheral tissue adaptations (flexibility,

Outcome Measure Mauchly’s W X’ (df=2) Sig. (p) Greenhouse-Geisser € Huynh-Feldt ¢
Arm Curl Test 0.920 3.40 0.18 0.96 0.98
Chair Stand Test 0.880 5.60 0.06 0.86 0.92
Chair Sit-and-Reach 0.750 16.20 <0.001 0.68 0.79
Single-Leg Stance 0.810 8.50 0.014 0.72 0.82
Time Up-and-Go 0.950 2.10 0.35 0.98 0.99

Note. Mauchly’s test evaluates the sphericity assumption for the within-subject factor (Time)

Table 6. Repeated-measures ANOVA results for time, group, and interaction effects across functional outcome measures

Outcome Measure Time Effect (F, p, l]zp) Group Effect (F, p, ‘qu) Group x Time Interaction (F, p, qu)
Arm Curl Test F(2,64) = 18.4,p <0.001,n?,=0.36 F(1,32) =4.5,p=0.041,0?,=0.12  F(2,64) = 9.3, p < 0.001, 0, = 0.22
Chair Stand Test F(2,64) =15.2,p<0.001,n%,=0.32 F(1,32) =5.2,p=0.029,n%,=0.14  F(2,64) = 8.1, p=0.001,1n%,=0.20

Chair Sit-and-Reach  F(2,64) = 21.5, p < 0.001, %, = 0.40
F(2,64) = 10.7, p < 0.001, %, = 0.25

F(2,64) = 12.9, p < 0.001, 1%, = 0.29

Single-Leg Stance
Time Up-and-Go

F(1,32) = 6.1, p=0.019, 1%, = 0.16

F(1,32) =3.8,p=0.058,n,=0.11
2

F(1,32) =4.9, p = 0.034, %, =0.13

F(2,64) = 11.5, p < 0.001, 1%, = 0.26

F(2,64) = 6.4, p=0.003,1%,=0.17
2

F(2,64) = 7.8, p =0.001,1%,=0.20

Note. All outcome measures demonstrated significant main effects of time (p < 0.001), indicating performance changes across the 12 weeks
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Table 7. Descriptive statistics and within-group changes

Outcome Measure Group B;[s:;:li (s'l;;)) Mhi/ﬂ; ;T:s; gf)l) P(;/s[:l:it éTDZ) ATO-T2  p (within)
Arm Curl (reps/30 s) Control 14.8 +3.5 15.0 + 3.6 15.1+34 +0.3 0.62
Experimental 152 +3.6 17.8 £3.7 19.3+£3.8 +4.1 <0.001
Chair Stand (reps/30 s) Control 142+ 3.6 14.0 + 3.5 13.9+34 -0.3 0.59
Experimental 143 +£39 155+4.0 16.2+4.1 +1.9 <0.001
Chair Sit-and-Reach (cm)t Control 1.2+6.0 1.1 +5.2 1.1 +5.1 -0.1 0.92
Experimental 1.5+2.7 49+3.6 7.3+4.0 +5.8 <0.001
Single-Leg Stance (s) Control 11.4+5.0 11.3+4.6 11.2+£4.5 -0.2 0.40
Experimental 10.4 £3.9 11.8+4.7 124 +5.1 +2.0 <0.001
Timed Up-and-Go (s) Control 8.8+0.6 9.0+0.7 8.9+0.7 +0.1 0.06
Experimental 89+0.7 8.3+0.6 7.9 +0.6 -1.0 <0.001

Descriptive statistics and within-group changes in functional performance outcomes across baseline (T0), mid-test (T1), and post-test
(T2). Values are mean + standard deviation (SD). A TO-T2 represents the net change from baseline to post-test. Positive values indicate
improvement, except for Timed Up-and-Go (TUG), where a negative change reflects better performance. Within-group significance (p)

and effect sizes (Cohen’s d) are reported

Table 8. Post-test (T2) between-group differences with 95% CIs and Cohen’s d

Test N (Exp) Mea;‘xi)SD N (Ctrl) M"(“C“tfl)SD (I‘Ig:;‘_‘ C’fg 95% CI (Diff) Cohemsd 95% CI (d)
Arm Curl (reps/30 s) 17 193 +£3.8 17 151+34 +4.2 +1.77 to +6.63 1.16 0.43to 1.89
Chair Stand (reps/30 s) 17 16.2+4.1 17 139+34 +2.3 -0.23 to +4.83 0.61 —-0.08 to 1.30
Chair Sit-and-Reach (cm) 17 7.3+4.0 17 1.1+5.1 +6.2 +3.12 to +9.28 1.35 0.60 to 2.10
Single-Leg Stance (s) 17 12451 17 11.2+£45 +1.2 -2.03to+4.43  0.25 -0.43 t0 0.93
Timed Up-and-Go (s)$ 17 7.9+0.6 17 8.9+£0.7 -1.0 -1.44t0-0.56 -1.53 -2.30to -0.76

Post-test (T2) between-group comparisons of functional performance outcomes following a 12-week yoga and elastic-band resistance
training program. Values are mean + standard deviation (SD). Mean difference (Exp-Ctrl), 95% confidence intervals (CI), and effect
sizes (Cohen’s d with 95% CI) are shown. Negative values for Timed Up-and-Go (TUG) indicate faster completion times and thus

superior performance in the experimental group

connective tissue compliance) and central neuromuscular
adaptations (motor unit recruitment, coordination) that are
especially relevant to athletic performance.

Improvements in flexibility in the present study are con-
sistent with prior yoga investigations demonstrating that
targeted asanas increase joint range of motion and muscle
extensibility (Amin & Goodman, 2014; Gothe & McAuley,
2016). The progressive stretching and sustained holds used
in our yoga sequences likely promoted increased tolerance to
stretch and viscoelastic changes in musculotendinous units
(Amin & Goodman, 2014). Greater hamstring and lumbar
flexibility (chair sit-and-reach improvements) can directly
benefit groundstrokes and court coverage by allowing larger,
more economical ranges of motion during dynamic lunges
and rotations, and they may reduce injury risk during high-
velocity movements (Gothe & McAuley, 2016; Nietal.,2014).
Given the high prevalence of overuse and musculoskeletal
injuries in tennis players, there is a need for conditioning
approaches that simultaneously improve performance and
reduce injury risk (Rodriguez-Gonzalez et al., 2024).

Elastic-band training produced clinically relevant
strength gains in both upper- and lower-body tests (arm
curl, chair stand) (Stojanovi¢ et al., 2021). Meta-analytic
evidence indicates elastic (band) resistance training yields

strength improvements comparable to conventional resis-
tance training across populations (Lopes et al., 2019). For
tennis athletes, band-based exercises produce functional,
multiplanar loading (rotational chops, resisted rows, single-
leg Romanian deadlifts) that transfers well to stroke produc-
tion and rapid court movements (Fernandez-Fernandez et
al,, 2013; Koya et al., 2022). The large effect sizes observed
in arm curl and chair stand measures in our experimental
group suggest elastic resistance served as an effective, low-
cost, joint-friendly stimulus to increase muscular endur-
ance and force capacity attributes linked to serve speed and
repeated explosive actions in tennis (Fernandez-Fernandez
et al,, 2013; Moya-Ramon et al., 2020).

Beyond peripheral changes, neuromuscular adaptations
help explain rapid performance gains. Early strength im-
provements, particularly over 6-12 weeks, are often medi-
ated by neural mechanisms including increased motor unit
recruitment, firing rate, synchronisation, and reduced an-
tagonist co-contraction (Aagaard, 2003; Aslam et al., 2025).
The combined modality in this study (yoga + band work +
proprioceptive balance tasks) likely augmented both feedfor-
ward and feedback motor control processes. Yoga's emphasis
on posture, balance, and mindful control complements resis-
tance work by enhancing proprioceptive acuity and intermus-
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cular coordination; systematic reviews of proprioceptive and
balance training document improvements in motor control,
reduced injury risk, and better sport-specific performance
(Winter et al., 2022; Yilmaz et al., 2024). The balance and agil-
ity improvements (single-leg stance and faster TUG scores)
are particularly meaningful for tennis, a sport characterised
by unilateral demands, sudden changes of direction, and rap-
id stabilisation after groundstrokes. The yoga balance poses
(Tree, Warrior III) combined with unilateral band-loading
likely challenged both ankle/hip strategies and trunk con-
trol, producing improved static and dynamic stability (Ergin
& Arslan, 2020). These results align with meta-analytic and
RCT evidence showing that balance and mind-body exer-
cises (yoga, tai chi) improve postural control and reduce fall
risk in clinical and older populations (Ni et al., 2014; Howe et
al., 2011), and more recent athlete-focused research confirms
proprioceptive training benefits rapid change-of-direction
and stability (Winter et al., 2022; Francavilla et al., 2025).
For tennis players, improved postural control translates into
better shot recovery, more stable stroke platforms, and po-
tentially fewer lower-limb injuries (Manojlovi¢ et al., 2020).

The cognitive and sensorimotor aspects of yoga breath
control, attentional focus, and slow controlled movement
likely contributed to enhanced motor planning and decreased
movement variability. Neurobiological work has repeatedly
shown that physical training stimulates neurotrophic factors
and improves sensorimotor integration, which supports
learning and coordination (Cotman et al., 2007). Thus,
pairing yoga’s mindfulness elements with dynamic resistance
exercises may foster both physical and central adaptations
necessary for fine-tuned athletic skills.

Importantly, the integrated program’s sport-specific pro-
gressions (weeks 9-12, emphasising resisted sprints and ro-
tational power) were intended to maximise transfer to tennis
performance. Evidence suggests that combining strength,
power, and neuromuscular training yields greater improve-
ments in explosive tasks (sprint, jump) than isolated mo-
dalities (Ma et al., 2025; Rong et al., 2025). While the present
investigation focused on functional fitness tests rather than
direct tennis performance metrics (e.g., serve velocity or
match statistics), previous studies show that improvements
in strength, rotational power, and balance relate positively
to serve speed and on-court explosive actions (Fernandez-
Fernandez et al., 2013; Koya et al., 2022). Future work should
therefore include tennis-specific outcomes (serve velocity,
sprint times, change-of-direction tests) to confirm transfer.

Study strengths include a randomised, parallel-group
design, sport-specific participant selection (Eclipse-
category intermediate male players), and rigorous repeated
measures across three time points: baseline, mid, and post,
which allowed us to capture trajectories of adaptation and
demonstrated that meaningful improvements continued
after mid-test. The use of widely validated field tests, Rikli
& Jones (2013)-derived measures, enhances reproducibility
and comparability with other studies, and the requirement
for 280% attendance preserved intervention fidelity.

The observed improvements in flexibility, balance, and
muscular endurance provide plausible pathways to on-court
performance. Increased hip and thoracolumbar range of
motion (Chair Sit-and-Reach) can facilitate greater trunk-
pelvis separation and elastic energy storage during the
serve’s cocking and acceleration phases, mechanics linked

to higher ball velocity (Jacquier-Bret & Gorce, 2024; Gorce
& Jacquier-Bret, 2024). Gains in single-leg stance reflect
better neuromuscular control at the ankle-knee-hip, which
underpins stable stroke platforms after split-steps and during
wide-base groundstrokes, thereby reducing compensatory
motions that dissipate force. Enhanced lower-body
endurance and repeated 30-s chair stands imply improved
force maintenance across points and games, contributing to
consistent first-step quickness and late-rally agility. Together,
yoga’s postural control and extensibility plus elastic-band
resistance’s multiplanar loading likely improved feedforward
stabilisation and segmental sequencing both prerequisites
for faster serves, sharper change-of-direction, and lower
cumulative joint stress.

Our findings align with Guo et al. (2024), who highlight
the need for integrated neuromuscular conditioning in
adolescent tennis, and extend Deng et al. (2025), showing
strength & conditioning interventions improve serve speed
by demonstrating parallel gains in flexibility and balance
capacities often omitted in serve-centric trials. They also
complement Zhou et al. (2025), where neuromuscular
training improved service velocity, sprint, and COD, by
providing randomised evidence that coupling mobility/
balance (yoga) with resistance (bands) produces large
effects across multiple functional domains. Compared
with device-dependent or lab-based protocols, our elastic-
band approach mirrors the practicality emphasised by
Hernandez-Martinez et al. (2024), for portable resistance in
field settings. Mechanistically, the present pattern of early-to-
mid block gains resonates with neural adaptation timelines
summarised by Aagaard (2003). To our knowledge, this is
among the first RCTs in competitive tennis players testing a
yoga + elastic-band hybrid, moving beyond single-modality
programs (e.g., plyometrics alone; Fernandez-Fernandez et
al,, 2013; Moya-Ramon et al.,, 2020) and addressing calls for
multimodal, low-cost interventions.

Stretching-induced flexibility gains are particularly
valuable in tennis, as they enhance tendon compliance and
reduce injury risk in high SSC movements (Witvrouw et
al., 2004). Developing muscular strength through heavy-
load and eccentric-based methods underpins power and
resilience (Suchomel et al., 2018), while tennis-specific
conditioning demands structured resistance programs to
sustain performance in the modern game (Reid & Schneik-
er, 2008). Resistance and plyometric training both benefit
youth athletes, with plyometrics effective pre-PHV and re-
sistance training more impactful around/post-PHV (Peitz et
al., 2018). Yoga interventions have shown improvements in
flexibility, vitality, and overall fitness (Noradechanunt et al.,
2017), and when combined with resistance elements, fur-
ther enhance balance and strength (Jangphonak et al., 2025).
Plyometric training also directly improves tennis serve ve-
locity without affecting precision (Behringer et al., 2013).
Finally, speed, power, and dominant-side strength strongly
correlate with competitive performance, highlighting the
need for balanced conditioning in youth players (Girard &
Millet, 2009).

Limitations and Future Directions

A key limitation of this study is the use of the Senior
Fitness Test (SFT) battery, which was originally validated
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for older adults. We selected these measures due to their
practicality, reproducibility, and minimal equipment
requirements, making them suitable for field-based
sport science interventions. Previous research has also
demonstrated that SFT components can detect meaningful
changes in flexibility, balance, and muscular endurance
among younger and athletic populations (Polsgrove et al.,
2016; Gothe & McAuley, 2016). Nonetheless, the SFT lacks
ecological specificity totennis. Future studies should therefore
complement functional assessments with athlete-validated,
tennis-specific measures, such as the countermovement jump
(CM]) for explosive lower-body power, the 5-0-5 change-
of-direction test for agility and footwork, radar-measured
serve speed as a direct sport performance outcome, short
sprints (10-20 m) for acceleration and first-step quickness,
and the Y-Balance Test for dynamic balance and injury-risk
profiling (Fernandez-Fernandez et al., 2013; Moya-Ramon
et al., 2020; Zhou et al., 2025). Integrating these outcomes
will provide a more comprehensive evaluation of training
effects, linking functional fitness improvements to direct
tennis performance indicators.

Practical Applications for Coaches and Practitioners

The full protocol requires only elastic bands, floor
space, and a mat. Sessions (=60 min) can be slotted 3x/
week in pre-season or 2x/week in-season as maintenance.
Start with foundational mobility and bilateral band patterns
(weeks 1-4), progress to unilateral and balance-challenging
sequences (weeks 5-8), and add tennis-specific rotational/
chop and band-assisted footwork (weeks 9-12). Minimal
equipment and easy transport make it feasible for academies
with limited budgets and for travel blocks. Use simple field
markers, a 30-s chair stand, a sit-and-reach, and a single-
leg stance to track adaptation and adjust band tension/hold
durations.

Pair mobility blocks before on-court sessions (move-
ment quality priming) and use band work on strength/con-
ditioning days to maintain load while limiting joint stress.
“The practical value of hybrid yoga-elastic band interven-
tions is reinforced by evidence emphasizing the benefits of
portable and low-cost training technologies in sports science
(Jaén-Carrillo et al., 2024).

Conclusion

The present randomised controlled trial demonstrated
that a 12-week yoga program combined with elastic-band
resistance training produced significant improvements
in muscular endurance, flexibility, and dynamic mobility
among intermediate-level male tennis athletes, compared
with regular training alone. Large effect sizes were observed
for arm curl repetitions, sit-and-reach flexibility, and
Timed Up-and-Go performance, while gains in chair stand
repetitions were moderate and improvements in single-leg
balance were small and not statistically significant. These
findings suggest that integrating yoga with elastic-band
training offers a practical, low-cost approach to enhance
selected domains of functional fitness relevant to tennis.
However, the absence of direct tennis-specific performance
metrics (e.g., serve velocity, sprint times, change-of-direction
ability) limits conclusions regarding sport-specific transfer.

Future research with larger and more diverse cohorts,
inclusion of female players, and the use of athlete-validated
outcome measures is recommended to confirm and extend

these findings.
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Appendix Table

Table A1. Comparison of Functional Fitness Tests with Tennis-Specific Alternatives

Functional Test Used Fitness Component Tennis-Specific Alternative Relevance to Tennis Performance

Chair Stand (30 s) Lower-body muscular Countermovement Jump (CMJ) Explosive power for serves, jumps, and
endurance rapid recovery steps

Arm Curl (30's) Upper-body muscular Serve speed (radar gun) Direct indicator of stroke power and
endurance effectiveness

Chair Sit-and-Reach Flexibility (hamstrings/ Hip and shoulder range of Greater reach in strokes, improved
lower back) motion (ROM) tests trunk rotation, reduced injury risk

Single-Leg Stance Static balance Y-Balance Test Dynamic balance, asymmetry

detection, injury prevention in
unilateral tennis movements

Timed Up-and-Go (TUG) Agility, mobility 5-0-5 Change of Direction Court coverage, first-step quickness,
(COD), 10-20 m sprint rapid directional changes

Note: Functional tests were chosen for their field-friendliness and reproducibility. Tennis-specific tests are recommended for future trials
to enhance ecological validity.

Table A2. Elastic-Band Resistance Calibration and Progression

Resistance at 100%  Resistance at 200% elongation

Band Color ozt () (kg) Weeks Applied Progression Notes
Yellow ~1.4 ~2.6 Weeks 1-2 Initial familiarisation, low-load adaptation
Red ~2.3 ~4.1 Weeks 3-4 Introduced moderate resistance, bilateral focus
Green ~3.2 ~5.7 Weeks 5-8 Transition to higher resistance, unilateral
balance emphasis
Blue ~4.5 ~8.0 Weeks 9-12  Peak training block, resisted sprints and

rotational power drills

Note: Resistance values approximate manufacturer calibration (TheraBand®, Hygenic Corp., USA). Band tension was increased
progressively to maintain target RPE 6-8/10.

AHanis BnnmvBy 12-TMXKHEBOI Nporpamv Norv Ta CUNoBMX
TPeHYBaHb 3 elaCTUMHUMN CTPIYKamMn Ha PYHKLiOHAJNIbHY
NiAroTOB/IEHICTb TEHICUCTIB-4ONOBIKiB cepeAHbOro piBHA
KBanidgikauii: PaHAoOMi30BaHe KOHTPOJ/IbOBaHe [AOC/NIAXKEeHHA

Ipamant Kymap Yoyarapi'*°®, Cyuimpasa Yoyprapi'**<?,
Inppi Bynangapi**“PE, Coxom Caxa'AcP

"HauionanpHuit iHCTUTYT BisndHOro BrxoBaHH: Jlakmmi6ai
*[lep>xaBHuit yHiBepcutet [Taganr

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

Pedepar. Crarrs: 13 c., 8 Tab., 1 puc., 52 mxeperna.

Icropis muranns. Viora Ta cunosi TpenyBanns 3 enactiaaumu ctpiukamu (CTEC) € eKkoHOMIYHO eeKTUBHUMI MeTONaMu
noinueHHs $pisndHoI GyHKILIL, IpOoTe IXHIi CYKyITHMII BIVIMB Ha MOJIOAMX CIIOPTCMEHIB-TeHICHCTIB, sIKi 6epyTh y4acTh y 3MaraH-
HSIX, 3/IMIIAETHCSA HEJOCTATHDBO JOCTIKEHNIM.

Merta gocmigKeHHA. MeTa LIbOTO HOC/I/PKEHHS MOJIATaNa y BYBYeHHI BIMBY 12-TioxHeBoi mporpamu jtoru Ta CTEC Ha
¢dyHKIiOHAIBHY (Qi3NYHY MiIrOTOB/IEHICTD TEHICUCTIB-40/I0BIKIB cepeHbOro piBHA KBamigikaryil.

Marepianu ta Mmetogu. Tpuansts 4otvpu cioprcMenn (Bik 20.3 + 1.5 pokiB) 6y/10 pO3IO/iIEHO 32 METOZOM paH/OMisalii Ha
excriepuMeHTanbHy rpymy (itora + CTEC, n = 17) Ta KOHTpOIbHY IpyIy (pery/IspHi TpeHyBaHHA 3 TeHicy, n = 17). OLiHOBaHHA
(GYHKIIOHAJIBHMX Pe3y/IbTaTiB IPOBOAMIOCA Ha MOYATKY JOCTIIKEHH, Ha 6-My Ta 12-My TIKHI 3a JIOIIOMOTOI0 HACTYITHUX TeC-
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TiB: BCTaBaHHA 3i CTi/NbLIA i CilaHHA Ha3all, He BUKOPUCTOBYIOUM PYK, 3STMHAHHA PYK i3 MiiiioMOM Baru Ha 6illeIic, BUMipIoBaHH:A
THYYKOCTI IIIAXOM CHJIiHHA Ha CTUIBLI Ta CIHPOOM HOTATHYTICS PYKOIO IO TA/bIiB BUTATHYTOI HOI'M, CTOSHHSA Ha OfHIil HO31 Ta
tecty «Bcranb Ta iigu» (TUG). I3 3acTocyBaHHAM [JUCHEPCiIHOTO aHasi3y 3 2 X 3 IIOBTOPHUMM BUMipaMu OIiHIOBaIM eeKTH
IPyny X Yacy, IpUIoMy posmipu eexry nosigommsmics Ak koedinient d Koena Ta wactkosuit eta-ksagpar (1%,) 3 95% #osi-
puumn intepBanamu (11).

PesynbraTu. BcraHOB/IeHO 3HaYyIIli B3a€EMOJIl MDX IPYIOI0 Ta 9acoM i Beix mokasHukis (p < 0.01). Ha erami mocrrecty
€KCIlepMMeHTa/IbHa IpyIla IPOJEMOHCTPyBala Kpally pe3y/lIbTaTMBHICTh MOPIBHAHO 3 KOHTPOIbHOIO IPYIIOI0 Y BUKOHAHHI TECTIiB
Ha 3TMHAHH PYK i3 migitoMoM Baru Ha 6inernc (+4.2 mosropenHst, 95% JI1 [1.77, 6.63], d = 1.16), BcTaBaHHs 3i CTINbIA i CijaHHS
Hasajl, He BUKOPMCTOBYI0UM PyK (+2.3 moBTopeHHs, 95% I [-0.23, 4.83], d = 0.61), cupinHA Ha CTibLi Ta CIpOOU HOTATHYTUCA
PYKOIO IO Ha/IbIiiB BUTATHYTOI HOTM (+6.2 cM, 95% JII [3.12,9.28],d = 1.35) i TUG (-1.0 ¢, 95% OI [-1.44, -0.56], d = —1.53). ITo-
JNIIIIeHHS B yTPUMaHHI piBHOBAry Ha OfHiit HO31 6y/1u HesHauHMMI 1 HeictoTHUMY (+1.2 ¢, 95% [T [-2.03, 4.43], d = 0.25). PiBenp
BifiBiZyBaHOCTI CTaHOBUB B cepeiHbOMY 88%, TOOIYHMX peak1iiit He 3adikcoBaHO.

BucnoBku. 12-tmkHeBa mporpama itorn Ta CTEC 3HayHO HOKpaluia M’ sA30By BUTPUBAICTDb, THYYKICTh Ta PYXIUBICTD,
HOPIBHIOIOYM 3 PEry/IsApHUMY TPEHYBAHHAMIU, IIPUYOMY BeIUKi po3Mipy edeKTy CIoCTepirajncst s BUTPUBATIOCTI BEPXHbOI
YAaCTVHM Ti/la, THYYKOCTi Ta AMHAMIYHOI CIIPUTHOCTI. 3a3HaueHi pe3y/lbTaTy HiTBEPPKYIOTh JJOLiIbHICTD BUKOPUCTAHHS KOM-
6iHOBaHMX IIPOTOKO/IIB JIOIM Ta TPEHYBAHb 3 €aCTUYHVMIY CTPiYKaMU AK IPAKTIYHOTO BapiaHTY MiATOTOBKU MOJIOAMX CIIOPTC-
MeHiB-TeHicucTiB. ITofampii fOCTifKEHHA TOBUHHI BKIOYAaTH CrenydivHi A1 TeHiCy MeTPUKM Pe3y/lIbTaTMBHOCTI 3 METOIO
HiITBEPKEHHSI CIOPTUBHOI TpaHCpepabeTbHOCTI.

KinrouoBi cnoBa: itora, cjIoBi TpeHYBaHHA 3 €aCTUYHIMIY CTPIYKaMM, CIOPTCMEHM-TeHicKCTH, QYHKIiOHa/IbHA MiATOTOB-
JIEHICTDb, piBHOBAra, THY4IKiCTb.
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Abstract

Objectives. The objective of this study was to examine the comparative and combined effects of mental imagery
and self-talk training on handball players’ jump-shoot skill performing competency. The study aimed to determine
whether integrating both psychological techniques leads to greater improvement in motor performance than using

either strategy alone or traditional practice.

Materials and Methods. Forty male handball players were randomly assigned to four groups (n = 10 each): Mental
Imagery and Self-Talk, Mental Imagery, Self-Talk, and Control. The experimental groups received a six-week
psychological skills training intervention, while the control group participated only in regular handball practice. The
Handball Jump-Shoot Skill Performing Competency test was administered before and after the intervention. Data
were analyzed using Analysis of Covariance (ANCOVA) to control for pre-test differences, followed by Bonferroni

post-hoc tests for pairwise comparisons.

Results. The ANCOVA revealed a significant group effect on post-test scores, F; 35 = 18.18, p < .001, with an adjusted
R* = .665. The Mental Imagery and Self-Talk group demonstrated the highest improvement (pre-mean = 13.90;
post-mean = 17.70), followed by the Mental Imagery and Self-Talk groups, while the Control group showed minimal
gain. Post-hoc analysis confirmed that the combined intervention produced significantly better results than all other

groups (p < .05).

Conclusions. The findings suggest that the combined application of mental imagery and self-talk was the most
effective psychological intervention for enhancing handball jump-shoot skill performance, emphasizing the
synergistic value of integrating cognitive and motivational training strategies in sport performance improvement.
Keywords: mental imagery, self-talk, psychological skills training, handball performance, jump-shoot competency.

Introduction

Psychological skills play a vital role in enhancing ath-
letic performance, particularly when athletes compete under
pressure where physical preparation alone may not suffice.
In recent years, mental training techniques such as mental
imagery and self-talk have gained recognition as power-
ful tools to optimize skill execution, regulate emotion, and
improve focus during performance (Rupprecht, Tran, &

© Upadhyay, K., Phulkar, A., Yadav, S., Sharma, A., & Terang, V.,
2025.

@ PETM
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Groepel, 2024). Mental imagery involves the cognitive re-
hearsal of movements without physical execution, stimulat-
ing neural patterns similar to those activated during actual
performance (Guillot & Collet, 2020). In contrast, self-talk
refers to the verbal or internal dialogue athletes use to direct
attention, enhance confidence, and control anxiety (Hatzi-
georgiadis, Zourbanos, Galanis, & Theodorakis, 2011). Both
techniques have demonstrated performance benefits in a
wide range of sports, including basketball, tennis, and swim-
ming (Tod et al., 2011; Slimani et al., 2016). In performance
psychology, visualization technique has been a standardized
training method contributes to improving athletic perfor-
mance in a wide range of sports (Sharma et.al., 2024).
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Despite strong evidence supporting both interventions,
the main controversy in current literature concerns whether
combining mental imagery and self-talk produces superior
effects compared to using either technique alone. Some
studies suggest that integrating both methods may create
synergistic benefits, enhancing motivation, focus, and motor
coordination more effectively than either intervention
independently (Slimani et al., 2016). Others argue that
since each technique already targets similar cognitive
mechanisms—such as attentional control and self-efficacy—
their combination may not yield additional improvements
(Hatzigeorgiadis et al.,, 2020). This debate remains
unresolved, particularly in handball, where rapid decision-
making and precise execution are critical to performance
outcomes.

Handball jump-shooting represents one of the most
essential and complex offensive skills, requiring accurate
timing, motor coordination, and confidence under defensive
pressure. Research indicates that mental imagery can
significantly improve throwing accuracy and goal-scoring
ability in handball (Muluken & Konka, 2019), while self-
talk interventions have enhanced motor performance,
motivation, and error correction (Zourbanos et al.,
2013; Theodorakis et al., 2012). Yet, the comparative and
combined effects of these two interventions on jump-shoot
skill competency remain inadequately studied. Recent
findings in similar sports, such as badminton and basketball,
suggest that combining self-talk and imagery training can
yield higher improvements in skill learning and execution
(Hidayat et al., 2023). However, limited evidence exists for
handball players, creating a research gap that this study aims
to address.

An analysis of recent research and publications shows
increasing interest in psychological training programs in
sports. For example, meta-analyses reveal that mental
imagery interventions yield moderate-to-large effects
on performance (Cumming & Williams, 2012; Guillot &
Collet, 2020), while self-talk interventions have also been
shown to significantly enhance focus and reduce anxiety
(Hatzigeorgiadis et al., 2011). Despite these advances, only
a few studies have systematically compared the effects of
these techniques in a controlled experimental framework or
tested their combined influence on handball-specific motor
skills (Slimani et al., 2016; Hidayat et al., 2023). This lack
of comparative evidence limits the practical understanding
of how coaches should prioritize or integrate psychological
training into handball practice routines.

Hypothesis: Based on this theoretical and empirical
background, the hypothesis of the present study states that
the combined Mental Imagery and Self-Talk training will
produce greater improvements in Handball Jump Shoot
Skill Performing Competency than either Mental Imagery
or Self-Talk alone, and that both individual interventions
will outperform the Control group.

Purpose of the Study: Therefore, the purpose of the
study is to critically examine and compare the effects of
Mental Imagery, Self-Talk, and Combined Mental Imagery
with Self-Talk interventions on Handball Jump Shoot Skill
Performing Competency among secondary school athletes.
This study seeks to determine whether the combined
approach produces a statistically significant improvement
over the single-method interventions, thereby contributing

to the optimization of psychological training strategies in
handball and potentially across similar team sports.

Materials and Methods

Study Participants

Forty (N = 40) male handball players were selected as
participants for this study from Lakshmibai National Institute
of Physical Education (LNIPE), India. The participants’ age
ranged from 18 to 27 years. All players had prior competitive
handball experience and were free from injury or illness
during the experimental period. The participants were
randomly divided into four groups of ten members each
to ensure equal representation and control of individual
differences. The four groups included: Mental Imagery, Self-
Talk, Combined Mental Imagery and Self-Talk, and Control
Group. Each participant provided voluntary consent to
participate in the study, and ethical approval was obtained
from the concerned institutional authority.

Study Organization

The research followed a true experimental pre-test post-
test randomized group design. This design was selected
to assess the effect of different psychological training
interventions—Mental Imagery, Self-Talk, and their
combination—on the improvement of handball players’
jump shoot skill performing competency.

The study was organized in three phases:

1. Pre-Test Phase:

All participants underwent a baseline assessment of
Handball Jump Shoot Skill Performing Competency using
the standardized Zinn Team Handball Skills Battery Test.
This pre-test established the initial skill levels of the players
before any intervention.

2. Intervention Phase:

The experimental groups participated in distinct
psychological skill training programs for eight weeks,
conducted three times per week. Each session lasted 20 to 50
minutes, increasing gradually in duration as the participants
adapted to the training.

The Mental Imagery group practiced guided visualization
of jump shooting techniques, incorporating sensory and
situational elements. The Self-Talk group used structured
instructional and motivational phrases to enhance focus and
emotional regulation during performance. The Combined
Mental Imagery and Self-Talk group integrated both
techniques in a synchronized manner, involving relaxation,
visualization, and verbal cueing. The Control group
continued with their regular handball training without any
additional psychological interventions.

The training progression followed a planned pedagogical
sequence to ensure gradual development of cognitive and
emotional control, beginning with basic relaxation and
imagery practice, and advancing to performance under
simulated pressure conditions.

3. Post-Test Phase:

After completing the eight-week intervention, all
participants were reassessed using the same Handball
Jump Shoot Skill Performing Competency test to measure
performance improvement.
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This structured and progressive organization allowed
a systematic evaluation of the effects of psychological skill
training on handball performance.

Administration of the Test

Zinn team handball skills battery test from which
handball jump shoot skill performing competency:

The Handball Shooting Ability Test is designed to
measure the shooting proficiency of players in team
handball. The test requires a marked level floor or ground
with a smooth surface, a stopwatch, a standard handball,
rope or string, measuring tape, marking tape, and scorecards
or recording sheets along with a pencil for recording the
results. The front surface area of the team handball goal is
divided using rope or string into eight distinct sections, each
assigned a specific number of points that correspond to the
difficulty of successfully shooting the ball into that particular
area.

During the test, each player is given five opportunities to
perform a jump throw. Players are allowed to take three steps
before releasing the ball, ensuring that the final step occurs
outside the free-throw line (9-meter line). If the ball touches
the ground before reaching the goal, no points are awarded
for that attempt. All shots must be executed from behind
the 9-meter line, and adherence to this rule is essential for
maintaining the validity of the attempt.

Scoring is based on the difficulty level of the target zones
within the goal. Players earn points for each successful throw
according to the designated value of the section hit. Throws
that hit the court surface before reaching the goal are awarded
zero points. The final score for each player is calculated by
summing the points earned across all five throws, with a
maximum possible score of 20 points representing optimal
shooting accuracy and consistency.

Description of Exercise

The psychological skills training program was conducted
three times per week for eight weeks. Session duration
progressed gradually, starting from 20-30 minutes in the
initial weeks and extending to 50 minutes by the 8th week to
allow adaptation and deeper practice.

Combined Mental Imagery + Self-talk (Group A):
Sessions included relaxation, visualization of jump shots,
and synchronized instructional/motivational cues. Training
progressed from basic imagery and simple cues to complex,
pressure-based scenarios.

Mental Imagery (Group B): Athletes practiced
relaxation, guided and independent visualization of jump
shots, integrating sensory detail and correcting errors.
Progression moved from simple technical rehearsal to
situational imagery under time or defensive pressure.

Self-talk (Group C): Training focused on relaxation,
structured instructional and motivational phrases, and their
application in simulated match conditions. Progression
advanced from practicing cue words to automatic use under
pressure.

Control Group (Group D): Continued regular handball
training without additional intervention.

This progressive schedule ensured consistent
psychological skill development, with each intervention

tailored to improve focus, confidence, and accuracy in
handball jump shots.

Research Design

The study adopted a true experimental pre-test post-
test randomized group design. Participants were randomly
assigned to four groups of ten athletes each: Group I (Mental
Imagery), Group II (Self-talk), Group III (Mental Imagery
and Self-talk combined), and Group IV (Control group).
Pre-tests were conducted using the Zinn Team Handball
Skills Battery Test from which Handball Jump Shoot Skill
Performing Competency was chosen as the primary skill
performing variable to assess Handballers Skill Performance.
Following this, the three experimental groups underwent an
eight-week psychological skills training program, with each
group practicing their respective intervention. The Control
group continued with their routine practice sessions without
additional intervention. At the end of the eight weeks, the
Handball Jump Shoot Skill Performing Competency was
again administered as a post-test measure. The pre-test and
post-test scores of the Handball Jump Shoot Skill Performing
Competency was used for statistical analysis to determine
the effectiveness of the interventions.

Statistical Analysis

The collected data were analyzed using both descriptive
and inferential statistical techniques. Descriptive statistics,
including mean and standard deviation, were used to
summarize the performance scores of each group.

Inferential statistics were applied to determine the
significance of the observed differences between pre-test
and post-test scores. Analysis of Covariance (ANCOVA)
was used to compare post-test means among the four
groups while controlling for pre-test differences. This helped
to accurately estimate the true effect of the interventions.
When significant differences were detected, Bonferroni post
hoc tests were performed to identify specific group-wise
comparisons.

The level of statistical significance was set at p < 0.05,
indicating a 95% confidence level. The use of ANCOVA and
Bonferroni tests provided a robust approach to determining
which intervention—Mental Imagery, Self-Talk, or their
combination—had the most significant effect on improving
handball jump shoot skill performing competency.

Result

Table 1 presents the overall Handball Jump Shoot Skill
Performing Competency Scores for all four groups—Mental
Imagery and Self-Talk, Mental Imagery, Self-Talk, and
Control. The results indicate a noticeable improvement in
the post-test mean scores across all experimental groups
compared to their pre-test scores, whereas the Control
group showed minimal change. The Mental Imagery and
Self-Talk group demonstrated the highest improvement,
with the mean score increasing from 13.90 to 17.70,
accompanied by a reduction in standard deviation from
2.02 to 1.41, suggesting more consistent performance
among participants. The Mental Imagery group also showed
a substantial improvement, with the mean score rising
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Table 1. Overall Handball Jump Shoot Skill Performing
Competency Score

Groups N Pre-Mean Post Mean PreSD Post SD
Mental Imagery 10 139 17.7 2.02485 1.41814
and Self-Talk
Mental Imagery 10 120 15.0 2.05480 2.05480
Self-Talk 10 10.9 12.9 2.33095 2.46982
Control Group 10 8.9 9.2 1.91195 2.65832

performing competency compared to the other groups and
the control condition.

Table 3. Pairwise Comparison done for critical analysis for
the Post hoc test using Bonferroni for Handball Jump Shoot
Skill Performing Competency Score

from 12.00 to 15.00, while the Self-Talk group recorded
an increase from 10.90 to 12.90. In contrast, the Control
group exhibited a marginal increase in mean score from
8.90 to 9.20, indicating that regular handball practice
without psychological intervention had minimal influence
on performance enhancement. Overall, the data suggest that
psychological skills training interventions, particularly the
combined use of Mental Imagery and Self-Talk, were more
effective in enhancing handball players’ jump shoot skill
performing competency than either technique alone or no
intervention at all.

Table 2. Inferential Statistical Analysis Using ANCOVA
for Overall Handball Jump Shoot Skill Performing
Competency Score

Type III Sum Mean

Source of Squares Square F Sig.
Corrected Model 392.012° 4 98.003 20.370 .000
Intercept 297.430 1 297.430 61.822 .000
Handball Accuracy 6.212 1 6212 1291 .264
Pre
Groups 262.440 3 87.480 18.183 .000
Error 168.388 35 4811
Total 8068.000 40
Corrected Total 560.400 39

a. R Squared = .700 (Adjusted R Squared = .665)

Table 2 presents the inferential statistical analysis
using ANCOVA for the Overall Handball Jump Shoot Skill
Performing Competency Scores among the four groups—
Mental Imagery and Self-Talk, Mental Imagery, Self-Talk,and
Control. The analysis aimed to determine the effectiveness of
the psychological training interventions while controlling
for the influence of pre-test scores. The results indicate that
the model was statistically significant (F = 20.370, p <.001),
suggesting that the interventions had a meaningful impact
on post-test performance scores. The R Squared value of
.700 (Adjusted R* = .665) reveals that approximately 70% of
the variance in post-test performance can be explained by
the independent variables included in the model, indicating
a strong effect of the training interventions. The covariate,
Handball Accuracy Pre-test, was found to be non-significant
(F = 1.291, p = .264), showing that the pre-test scores did
not significantly influence the post-test results. However, a
significant main effect of Groups was observed (F = 18.183,
p < .001), confirming that the differences among the four
training conditions were statistically significant. Overall,
the ANCOVA results demonstrate that the psychological
training programs—particularly the combined Mental
Imagery and Self-Talk intervention—produced a significant
improvement in handball players’ jump shoot skill

Mean
(I) Groups (J) Groups Difference Sig.
{-))

Mental Imagery 3.078* .032

zﬁzn;ill fI_nTl;iery Self-Talk 5.397° 000
Control Group 9.496* .000

Mental Imagery and Self-Talk  -3.078* .032

Mental Imagery Self-Talk 2319 158
Control Group 6.417* .000

Mental Imagery and Self-Talk  -5.397* .000

Self-Talk Mental Imagery -2.319 158
Control Group 4.098% .002

Mental Imagery and Self-Talk  -9.496* .000

Control Group  Mental Imagery 6.417* .000
Self-Talk -4.098* .002

Based on estimated marginal means
*. The mean difference is significant at the .05 level.
b. Adjustment for multiple comparisons: Bonferroni.

Table 3 presents the results of the pairwise comparison
conducted through a Post Hoc test using the Bonferroni
adjustment for the Handball Jump Shoot Skill Performing
Competency Scores. The analysis was performed to iden-
tify specific differences among the four groups—Mental
Imagery and Self-Talk, Mental Imagery, Self-Talk, and Con-
trol—following the significant ANCOVA results. The find-
ings indicate that the Mental Imagery and Self-Talk group
demonstrated significantly higher post-test scores compared
to all other groups. Specifically, significant differences were
observed when compared with the Mental Imagery group
(Mean Difference = 3.078, p = .032), Self-Talk group (Mean
Difference = 5.397, p <.001), and Control group (Mean Dif-
ference = 9.496, p < .001). These results suggest that the
combined intervention of Mental Imagery and Self-Talk was
the most effective psychological training approach for en-
hancing handball skill performance. Additionally, the Men-
tal Imagery group also showed a significant improvement
over the Control group (Mean Difference = 6.417, p <.001),
though the difference between Mental Imagery and Self-Talk
groups was not statistically significant (p = .158). Similarly,
the Self-Talk group outperformed the Control group (Mean
Difference = 4.098, p = .002). Overall, the Bonferroni post
hoc results reveal a clear hierarchical pattern in intervention
effectiveness: Mental Imagery and Self-Talk > Mental Imag-
ery > Self-Talk > Control. This demonstrates that integrating
both psychological strategies leads to superior performance
gains in Handball Jump Shoot Skill Performing Competency
compared to using either strategy alone.

Discussion

Overview of the Main Hypothesis

The main hypothesis of this study proposed that the
combined practice of Mental Imagery and Self-Talk would
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significantly enhance Handball Jump Shoot Skill Performing
Competency compared to the use of either technique
individually or the absence of psychological intervention.
The results from ANCOVA and post hoc analysis clearly
supported this hypothesis, revealing that athletes who
engaged in both Mental Imagery and Self-Talk training
exhibited the highest post-test mean scores. This suggests
a synergistic interaction between cognitive visualization
and verbal cueing, where the integration of both methods
amplifies focus, accuracy, and self-regulation. The findings
are consistent with contemporary research emphasizing the
efficacy of psychological skill integration in sports training
(Hidayat et al., 2023; Theodorakis et al., 2001).

Discussion of Conclusions (Comparison
with Previous Studies)

The results of this study align with prior findings that
combined psychological interventions lead to greater
improvements in sport-specific skills than single-method
approaches. The Mental Imagery and Self-Talk group
demonstrated the highest mean improvement, suggesting a
synergistic effect between visualization and verbal regulation
techniques. This findingis consistent with Holmesand Collins
(2001), who noted that imagery coupled with cognitive cues
enhances motor learning and performance consistency.
Similarly, Hardy et al. (2001) emphasized that self-talk
improves focus and self-regulation during performance
execution. In contrast, while the Mental Imagery and
Self-Talk groups individually improved compared to the
control group, their combined use appeared to integrate
both the cognitive and motivational components necessary
for optimal performance outcomes (Tod, Hardy, & Oliver,
2011). Comparable trends have been observed in basketball
and football training, where integrating imagery and verbal
strategies produced superior skill retention (Hatzigeorgiadis
et al., 2009; Munroe-Chandler, Hall, & Fishburne, 2008).

Justifications and Importance of the Results

The findings underscore the growing recognition that
psychological interventions are not merely supplementary
but essential components of athletic training programs. In
Handball, where rapid decision-making and precise motor
coordination are vital, the ability to mentally rehearse
actions before physical execution can significantly enhance
performance accuracy (Moran, Guillot, & MacIntyre, 2012).
The present study confirms that structured psychological
training cultivates self-efficacy and reduces performance
anxiety—factors directly influencing skill acquisition
(Behncke, 2004; Birrer & Morgan, 2010). Furthermore, these
results hold pedagogical importance for sports educators,
demonstratingthatincorporating psychological conditioning
alongside technical drills can lead to comprehensive athlete
development (Vealey & Greenleaf, 2010).

Practical Application of the Results

From a practical standpoint, the application of combined
Mental Imagery and Self-Talk techniques offers coaches and
trainers an accessible, low-cost, and scientifically support-
ed tool to improve performance outcomes. Implementing

guided imagery sessions before practice and employing con-
structive self-talk scripts during skill rehearsal can strength-
en focus and motor execution in young athletes (Gould et
al,, 2014). These methods can be easily adapted into existing
training curricula without extensive infrastructural resourc-
es, making them feasible for school-level sports programs.
The integration of psychological training also helps in devel-
oping resilience, coping mechanisms, and motivation—key
attributes for sustaining high-level performance in competi-
tive Handball environments (Thelwell & Greenlees, 2003;
Hatzigeorgiadis et al., 2011).

Prospects for Further Research

The outcomes of this study open new avenues for
exploring the long-term and sport-specific implications of
combined psychological training methods. Future research
may investigate how varying durations, intensities, or
modalities of mental skills training affect performance across
different age groups and genders. Moreover, integrating
neurophysiological measures such as EEG or EMG
responses could provide objective evidence of how cognitive
interventionsinfluence motor activation patterns. Expanding
this line of inquiry will deepen the understanding of the
mind-performance relationship, ultimately contributing to
more effective, evidence-based training models in Handball
and other skill-dominant sports.

Conclusion

The present study demonstrates that psychological skills
training interventions, particularly the combination of Men-
tal Imagery and Self-Talk, significantly enhance Handball
Jump Shoot Skill Performing Competency among secondary
school athletes. The findings indicate that while both Men-
tal Imagery and Self-Talk individually improve skill per-
formance compared to standard training, their combined
application produces superior results, reflecting a synergistic
effect. This supports the primary purpose of the study, which
was to evaluate the comparative effectiveness of different
psychological interventions in improving handball-specific
skill performance. The results provide empirical evidence
that integrating cognitive visualization with motivational
and instructional self-talk can optimize both motor execu-
tion and mental readiness in competitive scenarios.

Furthermore, the study underscores the practical value
of psychological training as an integral component of sports
education and coaching. Coaches and trainers can implement
structured mental imagery and self-talk protocols to enhance
athletes’ focus, accuracy, and confidence, without requiring ad-
ditional physical training time. The results also highlight the po-
tential for these interventions to reduce performance variability
and enhance consistency across different athletes. In conclu-
sion, the study not only confirms the effectiveness of combined
mental training strategies but also offers a foundation for future
research to explore long-term effects, variations across age and
skill levels, and integration with other sport-specific psychologi-
cal techniques to maximize overall athletic performance.
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MigBnLWeHHA KOMNeTeHU il BUKOHAaBCbKOI MaMCTEePHOCTI
cepep raHa6onicTiB: MNoOpiBHANBHNI BNJIIB MEHTaIbHNX
o6pasiB, BHYTPIilWWHbOro Aianory Ta iXHbOro NOEAHAHHA

KayTin’s Yoapr sin'APE, Amim IIxynkap'45“P, Carman SIgaB*ABPE,
Apuas lllapma'**“P, Bapyn Tepanr'4PPF

"HauionanpHuit iHCTUTYT BisndHOro BrxoBaHH: iMeni JlakumiGai
ZPhHHOHaanMﬁiHCTMTdeﬁsmqﬂoroBMXOBaHHﬂiMeHiHaKHmH6aL

IliBHiunO-CXifHNMII perioHANbHNIL LEHTP

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

Pedepar. Crarts: 7 ., 3 Tab1., 23 mKepea.

Merta gocmimKeHHA. MeToI0 I[bOTO JOCIIKEeHH OYy/I0 BUBYEHHs HMOPIBHABHUX Ta KOMOIHOBAaHUX BIUIMBIB TPeHYBaHb
3 BUKOPJCTAHHSAM MEHTa/JIbHUX 00pasiB Ta BHYTPILIHBOTO [ia/ory Ha HaBUYKM MAaCTEPHOCTi BUKOHAHHS KMAKIB y CTPUOKY
raug6omicTiB. JJOCTiPKeHHA MajIo Ha MeTi BUSHAYMTH, Y IPU3BOAUTD IHTErpariisi 060X ICUXOIOTIYHNX METO/IB JO 3HAYHOTO I10-
KpalljeHHsI pyX0BOl pe3y/IbTaTMBHOCTI, HXK BUKOPMCTAHHS KOKHOI 13 3a3HAYEHNUX CTpATerilt OkpeMo ab0 TPafuLiiiHOI IPaKTUKIL.

Marepianu ta MeTogu. COpoK raHA00/ICTIB Y0/I0Bi40I CTaTi 6Y/I0 PO3MO/i/IEHO 32 METOAOM paHAOMI3alil Ha YOTUPYU IPyNIU
(1o 10 oci6 y KokHiit): «MeHTanbHi 00pa3y Ta BHYTPILIHII Aiamor», « MeHTanbHi 06pasu», «BHyTpimHiit gianor» ta «KoHTponb-
Ha». EKcriepyMeHTa/IbHI IPyIy OTpUMAM LIeCTUTVDKHEBUI iHTepBEHIIHMIT KYyPC 3 TPeHYBaHHA IICUXO/IOTiYHUX HABUYOK, TOALL
SIK KOHTPOJIbHA IPYIIa IPOJOBKYBaIa 3aiiMaTICs CTAHAPTHUMI TPeHyBaHHAMM 3 raHiOo0my. Ha mepeyi- Ta HocTiHTepBeHIiiTHO-
MY eTallax JOCTi/KEHH:A MIPOBEJIEHO TECT Ha BU3HAYEHHA PiBHA MalICTEPHOCTI 3 BUKOHAHHA KUJIKIB y CTpI/I6Ky 3 raHn6ony. Ilani
6ynu npoaHanizoBaHi 3a JIOIIOMOTr0OI0 KOBapiallilfHOTO aHasIi3y 3 METOK KOHTPOJIIO ITepeATeCTOBUX BiffMiHHOCTeI1, 3 MOIa/IbIIM
npoBefieHHsAM post-hoc TecTiB BoH(peppoHi 111 napHUX HOPIBHSHbD.

Pesynpraru. KoBapianjiltunii aHa/i3 BUABUB 3HAUHUIT TPYIIOBUIT epeKT Ha MOCTTECTOBI MOKa3HUKY, F; 55 = 18.18, p < .001,
3 ckopuroBanuM R = .665. Ipyna «MeHTanbHi 06pasy Ta BHYTpILIHIl AiaZor» IPOEMOHCTPYBaIa MaKCHMaIbHe TO/iIeHHS
(cepenHiit mepenTecToBMIt MOKasHUK = 13.90; cepenHilt mocTTecTOBNUII TOKAa3HUK = 17.70), 3a KOO CIiAyBamy rpymn « MeHTaIbHi
06pasn» Ta «BHyTpiIuHIil Aia/mor», TOAI sIK KOHTPOJIbHA TPYIIa [I0Ka3ala MiHiMambHuit pupict. Post-hoc ananis nifTBepaus, 1o
KOMOiHOBaHa iHTepBeHIliA Ipu3Bea 10 3HAYHO KPAIUX pe3y/bTaTiB, HbK y pewtu rpyn (p < .05).

BucHoBKu. PesybraTi JOCTIIKEHHS CBifYaTh, 1[0 KOMOIHOBaHe 3aCTOCYBAHH MEHTAIbHIUX 00pasiB Ta BHYTPILIHBOTO fiia-
JIOTy BUSIBIIOCS Halle(peKTUBHIIIIO IICHXO/IOTIYHOI0 iHTePBEHIIEI0 I/ MTIABMIEHHS HABMYOK MAlICTEPHOCT BUKOHAHHS KUJKIB
y cTpuOKy B raHAOO0JIi, AKPECTIOnYI CHHEPreTUYHY L{iHHICTD iHTerpariii KOTHITMBHIUX Ta MOTMBALINIHUX CTPATerill TpeHyBaHHs
Y IOKpaIleHHi CHOPTUBHOL Pe3y/IbTaTUBHOCTI.

KirouoBi cioBa: MeHTaIbHI 06pasiy, BHYTPILIHII Aia/IOT, TPEHYBaHHsI ICUXOIOTTIHIX HABMYOK, Pe3y/IbTaTUBHICTD Y raHf60-
Ji, MajiCTepHICTh BUKOHAHHS KMAKIB y CTPUOKY.
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Abstract

Objectives. The objective of this study was to analyse and evaluate the performance of skill types among male and

female players in Complex I.

Materials and Methods. The study comprised 28 men’s and 26 women’s matches, representing the 32 national teams
that participated in the FIVB World Tour Finals 2019. A total of 3624 Complex I sequences were recorded and
assessed. Passing skills (reception and setting) were evaluated using a four-level tactical rating quality scale, while
attacking hits were assessed using a five-level scale. The observer’s reliability test demonstrated a high correlation

coeflicient.

Results. Male beach volleyball players generally exhibited higher quality (Quality Level-QL3) in serve reception and
setting, as well as greater effectiveness (QL4) in attacking hits compared to women. Males used more frequently the
basic forearm pass technique in reception (p = 0.001), the overhead set (p = 0.001) in setting, and the hard-driven
ball (p = 0.001) in attacking compared to females. In contrast, females used more frequently the side forearm pass
and other techniques in reception (p = 0.001 and p = 0.001, respectively), the forearm setting (p=0.001), and the
driven ball and poke shot techniques in attacking (p = 0.001 and p = 0.001, respectively). Furthermore, the higher the
quality of serve reception, the better the quality of the setting (p < 0.001), and the higher the quality of the setting, the
more effective the attack (p<0.001) for both genders. Finally, the results showed that male athletes executed excellent
settings more frequently than female athletes (p = 0.02, p = 0.001, and p = 0.001, respectively), regardless of the

quality level of the received serve.

Conclusions. Male players were more effective than female players, as they primarily used the frontal reception
technique, overhead setting, and powerful attacking hits, which enhanced the overall quality of their game. To
generalize these findings, further research is recommended at different competitive and age levels.

Keywords: performance, technical skills, complex I, beach volleyball, gender.

Introduction

Beach volleyball (BV) is a popular and continuously
evolving sport that attracts athletes of all ages from around
the world. The nature of the sport requires a combination
of exceptional physiological abilities, technical skills, and
tactical intelligence. These demands make BV a sport that

© Tsakiri, M., Marathokampitou, N., Gasteratos, V.,
Mazonakis, A., Drikos, S., Barzouka, K., & Sotiropoulos, K.,
2025.

@ PETM
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requires high specialization and adaptation to the unique
conditions of sand and the often-challenging outdoor
environment (Casanova, 2015).

One of the most important factors affecting performance
in the sport is the physiological characteristics of male and
female athletes. These include anthropometric characteristics
such as height, weight, and body composition, as well as car-
diorespiratory variables such as heart rate and maximal oxygen
consumption (VO, max). Particularly important is the addi-
tional burden of movement on the sand, which, as an unstable
and variable surface, requires greater energy expenditure com-
pared to hard surfaces. According to existing literature, walking
is 1.8-2.7 times more energy-demanding on sand than on a
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hard surface, running is 1.2-1.6 times more costly, and jump-
ing is 1.2 times more demanding on a sandy surface (Hank et
al., 2016; Kumar, 2015; Pinnington & Dawson, 2001).These
findings indicate that BV requires high levels of endurance and
physical fitness from athletes, regardless of their gender.

When it comes to anthropometric characteristics, body
height particularly plays a crucial role in jump performance
and overall BV performance. Athletes aim to reach as high as
possible to surpass the net height, allowing for better offensive
(attacks) and defensive actions (blocks) to gain points and ul-
timately win the set and match. A study by Palao et al. (2008)
that analyzed male and female BV athletes from World Tour
events and the Olympic Games (2000-2006), found that male
players had an average height of 193 cm, weight of 88-89 kg,
body mass index (BMI) of 23.8-24.1, and an average age of
29-31 years. Female players had an average height of 177-179
cm, weight of 66-68 kg, BMI of 19.2-21.1, and average age of
27-29 years. Specialization-wise, blockers were found to be
taller than defenders, while teams without specialized roles
had intermediate values (Palao et al., 2008). Freire et al. (2023)
further found that BV athletes were slightly shorter, lighter,
and had lower fat mass than indoor volleyball players.

According to Tilp et al. (2006) volleyball and BV are
characterized by six fundamental technical skills: serving,
serve reception, setting (pass to the attacker), attacking
(spiking), blocking, and defense. These skills are categorized
into scoring skills (e.g., attacking, serving, blocking) that
can directly earn points and transition skills (e.g., reception,
setting, defense) that do not directly earn points. Medeiros et
al. (2017) studied BV skills in relation to team performance
and found that the game has a hierarchical structure, divided
into attack after reception and attack after defense. They
also distinguished volleyball gameplay into defensive and
offensive phases, where each phase consists of 3—-4 successive
technical actions. Similarly, Eom & Schutz (1992) defined
Complex I as serve reception, setting, and attack after
reception, and Complex II as serve, block, defense, setting,
and attack after defense. These sequences involve chained
skills that influence one another. From this, it follows that
performance in volleyball and BV cannot be assessed
solely through the effectiveness of individual skills but
rather holistically through all six skills to serve as a reliable
performance criterion for researchers and coaches.

This study hypothesized significant performance
differences between genders, with male teams showing
higher effectiveness in serve reception, setting quality, and
attack efficacy due to physiological factors. Also, greater skill
variation within female teams and a strong dependence on
the quality of each Complex I component for both genders
were expected.

The purpose of this study was to analyze and evaluate
the performance of male and female skill types in Complex
I among the top 32 national teams participating in the FIVB
Beach Volleyball World Tour Finals 2019, held in Rome in
September 2019.

Materials and Methods

Study Participants

The research sample consisted of 28 matches from the top
32 men’s and 26 women’s national teams that participated in

the finals of the Beach Volleyball World Championship, held in
Rome in September 2019 (FIVB World Tour Finals 2019). A total
of N = 3624 Complex I sequences were recorded and evaluated.

Study Organization

To carry out the study, data was collected using the
observation method and a Microsoft Office Excel spread-
sheet, through which an observation protocol was created,
containing the following variables (in the parentheses the
categories of each variable): gender (Male, Female); recep-
tion type (Basic forearm pass, Side forearm pass, Tomahawk,
Other, such as with a dive, kneeling, one-handed reception);
setting type (Overhead, Forearm); and attack type [the hard-
driven ball, the driven ball (slow deep placement shot), the
roll shot (rotational close-range placement shot), and the
poke shot (placement hit using the knuckles)].

The evaluation criteria for the non-scoring skills of
reception and setting consisted of four quality levels (QL)
basedon Colemanetal. (1969).Regarding reception, thelevels
were: incorrect reception execution (QLO, missed point),
poor-quality reception (QL1), moderate-quality reception
(QL2), and excellent reception (QL3). Regarding the setting,
they were incorrect technique/error (QLO, missed point),
poor quality setting (QL1, not pinned), moderate/ good
quality setting, (QL2, attack manifestation) and excellent
setting (QL3, attack with good conditions). The evaluation
criteria for the scoring skill of attack consisted of 5 levels
which according to (Eom & Schutz, 1992b) were: incorrect
attack (QLO), poor execution of attack (QL1), moderate
execution of attack (QL2), very good attack (QL3, the ball
is returned under favourable conditions by the opponent for
counterattack) and excellent attack (QL4, point).

Data Collection

Data collection was conducted using observation.
Specifically, the researcher observed 54 matches, gathering
data related to Complex I, as well as their respective
types. The procedure followed to ensure the researcher’s
reliability was a test-retest, which was performed within a
15-day interval, on 10% of the games (6 matches, 3 from
each gender), meeting the minimum value recommended
in the literature (Tabachnick et al., 2019). This procedure
was designed to control negative influences that may have
arisen as a consequence of the researcher’s memory. The
researcher’s intra-observer reliability was assessed using
Cohen’s Kappa index (Cohen, 1988), which showed values
of > .85, indicating a high reliability (Altman, 1991).

Statistical Analysis

Initially, a descriptive analysis of the variables was con-
ducted, to calculate the frequencies of each study variable.
The statistical analysis used included a chi-square () test
of independence between the variables “type per skill” and
“performance,” which was performed using the chi-square
test and Fisher’s exact test when the expected count per cell
was less than 5. The same procedure was followed for the
remaining variables. For the comparison of proportions and
frequencies, the z-test was used. To examine the relation-
ship between the quality of the previous and the next game
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action (reception-setting and setting-attack) a chi-square
(x*) test of independence was employed. Cramer’s V was
calculated to quantify the effect size, with values of 0.1, 0.2,
0.4, 0.6, 0.8 and 1 representing negligible, weak, moderate,
relatively strong, strong and very strong association, respec-
tively (Kortlik & Williams, 2003). Two-way contingency ta-
bles were visualised using mosaic plots to examine the com-
binations of variable categories that contributed most to the
association after rejecting the null hypothesis of indepen-
dence. In these plots, the width and height of the tiles rep-
resent the relative frequencies of the variables being studied.
Color coding and tile edges indicate each cell’s standardised
residual’s absolute size and sign. Additionally, fixed cutoffs
of £2 and +4 were used to shade cells that were individually
significant at approximately a = 0.05 and a = 0.001 levels,
respectively. The analyses of two-way contingency tables
were performed using the R statistical software, with the ved
package (Meyer et al., 2020; Zeileis et al., 2007) utilised. The
statistical analysis was performed using SPSS v.25 and Stat-
graphics v.5.1 (the latter was used for percentage testing as
SPSS was not as descriptive in this regard). The significance
level for all measurements was set at p < 0.05.

Results

The performance of serve reception in BV regarding
its type, as well as its comparison between genders

Atotal of 3.624 reception actions were recorded. Of these,
1.798 were performed by men and 1.826 by women Table
1. The recorded types of reception were the basic forearm
pass, the side forearm pass, the Tomahawk technique, and
any other technique (such as with a dive, kneeling, or one-
handed reception).

In general, the comparison of ratios and frequencies
regarding reception performance revealed significant
differences between genders. Men were of higher quality
(QL3) compared towomen (z=9.52,p=0.001) and performed
more frequent moderate reception actions (QL1) (z = 4.05,
p = 0.001), while women performed more frequent good
receptions (QL2) (z = -12.6, p = 0.001) (Table 1). From the
comparison of ratios and frequencies, the results showed that
male beach volleyball players more frequently used the basic
forearm pass technique compared to female players (z = 13.3,
p =0.001), while female players more frequently used the side
forearm pass and other techniques (z = -4.18, p = 0.001 and
z=-14.7, p = 0.001, respectively). The Tomahawk technique
was rarely used by the players (Figure 1).

18,30%

40,40%

47,30%

= Basic forearm pass = Side forearm pass ® Tomahawk = Other

Fig. 1. Percentages of reception type occurrences by gender in BV
performance

Table 1. The performance of the reception of men and women by type of reception in BV

Reception Performance ¥
Reception type Gender QLo QL1 QL2 QL3 Total Value
%(N) %(N) %(N) %(N) Sig.
M 1.1(11) 6.1(62) 18.1(183) 74.7(756) 1012 51.184
. F 3.2(20) 2.6(16) 30.3(190) 64(401) 627 0.001
Basic forearm pass
z -3.02 3.23 -5.72 4.62
p 0.002 0.001 0.001 0.001
M 5.1(37) 10.5(76) 30.6(222) 53.9(391) 726 57.999
) F 2.3(20) 4.4(38) 46.5(401) 46.8(404) 863 0.001
Side forearm pass
z 2.99 4.69 -6.47 2.82
p 0.003 0.001 0.001 0.005
M 75(3) 0.0(0) 0.0(0) 25.1(1) 4 5.000
F 0.0(0) 0.0(0) 100(1) 0.0(0) 0.082
Tomahawk ) ) i i i
p ns ns ns ns
M 66.1(37) 12.5(7) 10.7(6) 10.7(6) 56 100.36
Other F 11(37) 9.9(33) 55.5(186) 23.6(79) 335 0.001
z 9.75 0.59 -6.21 -2.17
p 0.001 ns 0.001 0.03
M 4.9(88) 8.1(145) 22.9(411) 64.1(1154) 1798 164.08
Total F 4.2(77) 4.8(87) 42.6(778) 48.4(884) 1826 0.001
z 1.01 4.05 -12.6 9.52
p ns 0.001 0.001 0.001
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Table 2. The performance of setting in BV, according to its type by gender

Setting Performance

2
Setting type Gender QL0 QL1 QL2 QL3 Total Vaz(lue
%(N) %(N) %(N) %(N) Sig.

Overhead M 0.8(8) 0.9(9) 7.2(72) 91.1(908) 997 2.084
F 1.1(4) 0.3(1) 6.2(22) 92.4(326) 353 0.555
Z -0.52 1.13 0.64 -0.75
p ns ns ns ns

Forearm M 1.4(8) 2.6(15) 18.1(104) 78(449) 576 14.027
F 1.2(15) 3(37) 25.9(317) 69.9(857) 1226 0.003
z 0.35 -0.47 -3.65 3.59
p ns 0.05 0.001 0.001

Total M 1.0(16) 1.5(24) 11.2(176) 86.3(1357) 1573 66.917
F 1.2(19) 2.4(38) 21.5(339) 74.9(1183) 1579 0.001
z -0.54 -1.83 -7.82 8.09
p ns ns 0.001 0.001

Regarding the performance of reception by type, the
results showed that men were more efficient (QL3) in the
types of forearms and side forearm reception (z = 4.62,
p = 0.001 and z = 2.82, p = 0.005, respectively), while
women performed better in the other techniques (z = -2.17,
p = 0.03). Additionally, women displayed QL2 more
frequently than men in all types of reception, excluding the
tomahawk technique. Specifically, women showed QL2 more
frequently in the basic forearm pass, side forearm pass, and
other techniques (z = -5.72, p = 0.001, z = -6.47, p = 0.001
and z = -6.21, p = 0.001, respectively). On the other hand,
men exhibited QL1 more frequently in the basic forearm
pass and side forearm pass techniques (z = 3.23, p = 0.001,
z = 4.69, p = 0.001, respectively). Finally, it was found that
men made more errors when using the side forearm pass
and other techniques (z =2.99, p = 0.003,z=9.75, p = 0.001,
respectively), while women made more errors when using
the Basic forearm pass (z = -3.02, p = 0.002).

77,60%

= Overhead = Forcarm

Fig. 2. Percentage of setting types by gender in BV

The performance of setting in BV concerning
its type and gender comparison

A total of 3.152 setting actions were recorded (M = 1.573
and W = 1.579) (Table 2). The types of setting recorded were
overhead (M: N = 997 and W: N = 353) and forearm (M:
N =576 and W: N = 1226). The highest frequency and the
highest percentages for both genders were seen in QL3, that
is, in excellent settings regardless of their type. Specifically,
for the overhead technique: for men (N = 908) it was 91.1%,
and for women (N = 326) it was 92.4%. Similarly, for the
forearm technique: for men (N = 449) it was 78%, and for
women (N = 857) it was 69.9%.

In general, the comparison of the ratios and frequencies
regarding the performance of setting, by setting type revealed
significant differences between the genders. Men were more
proficient in their passes (QL3) compared to women (z = 8.09,
p = 0.001), while women more frequently performed good
(QL2) passes (z=-7.82, p = 0.001) (Table 2). Additionally, it was
found that male BV players used the overhead technique more
often than female players (z=23.2, p=0.001), who, in turn, used
the forearm technique more frequently (z = -23.2, p = 0.001).

Regarding the performance of setting by type, the results
showed that there were no significant differences between
genders in the overhead technique. However, differences
were found in the forearm technique, where men were of
higher quality (QL3) (z=3.59, p = 0.001), while women were
more frequently in QL2 (z = -3.65, p = 0.001).

The performance of setting in BV regarding the quality of
the serve reception and the comparison between genders

A total of 3.151 setting actions were recorded (M = 1.571
and F = 1.580) (Table 3). The serve reception quality
percentages, based on which settings were performed,
were as follows: for men, 5.4% for QLI, 24.4% for QL2,
and 70.2% for QL3, while for women, 2.7% for QL1, 45.1%
for QL2, and 52.3% for QL3. A comparison of proportions
and frequencies showed that men performed their settings
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Table 3. The Performance of setting in BV regarding the quality of serve reception by gender

Setting Performance

.
Pgrefffrfl’i‘z‘ce Gender QLo QL1 QL2 QL3 Total V;(Iue
%(N) %(N) 9%(N) %(N) Sig.
M 8.3(7) 17.9(15) 53.6(45) 20.2(17) 84 30.045
oL F 35.7(15) 40.5(17) 19(8) 48(2) e 0.001
z 3.82 275 3.65 228
p 0.001 0.006 0.001 0.02
M 13(5) 1.3(5) 25.6(98) 71.8(275) 383 24.258
o F 0.3(2) 2.2(16) 38.6(275) 58.8(419) 712 0.001
z 1.96 -1.04 433 426
p 0.05 ns 0.001 0.001
M 0.4(4) 0.4(4) 2.9(32) 96.4(1064) 1104 17.227
oLs F 0.2(2) 0.6(5) 6.8(56) 92.4(763) 826 0.001
z 0.78 -0.63 -4.06 3.88
p ns ns 0.001 0.001
M 1.0(16) 1.5(24) 11.1(175) 86.3(1356) 1571 67.367
_ F 1.2(19) 2.4(38) 21.5(339) 749(1184) 1580 0.001
z -0.54 -1.83 7.9 8.09
p ns 0.06 0.001 0.001

more frequently than women after excellent (QL3) and
moderate (QL1) serve receptions (z = 10.3, p = 0.001, and
z=3.84, p = 0.001, respectively). On the other hand, women
performed their settings more frequently than men after
good serve receptions (z = -12.2, p = 0.001). The results
also indicated that regardless of gender, as serve reception
performance increased, setting performance was also
improved. Overall, as previously observed, men executed
higher-quality settings (QL3) compared to women (z = 8.09,
p = 0.001), while women more frequently performed good-
quality settings (QL2) (z =-7.9, p = 0.001) (Table 3).
Independence tests revealed a significant association
between the quality of reception and the quality of setting
for men (x* = 542.299, df = 6, p < 0.001, Cramer V = 0.417,
large effect) and women (x* = 958.214, df = 6, p < 0.001,
Cramer V = 0.551, large effect). The mosaic plots in Figure 3
(left plot for men, right plot for women) reveal the structure
of the relationships between the quality of reception and the

Setting
u L2 L3

Lo
S [ I I

Reception

Reception

quality of setting per gender. Concerning men, standardized
residuals (StRes) showed a discrepancy between observed
and expected frequencies (Figure 1). These quality levels,
implicated in variable interdependence, were: QL1 reception
and all levels of setting (StRes = 6.6 for QLO, 12.1 for QL1,
11.7 for QL2 and -6.5 for QL3), QL2 reception and QL2 and
QL3 setting (StRes = 8.5 and -3.1), QL3 reception for all
levels of setting (StRes =-2.2,-3.1, -8.2 and 3.6,). Concerning
women standardized residuals (StRes) showed a discrepancy
between observed and expected frequencies (Figure 1). These
quality levels, implicated in variable interdependence, were:
QLI reception and various levels of setting (StRes = 20.4 for
QLO, 15.9 for QLI, and -5.3 for QL3), QL2 reception and
various levels of setting (StRes = -2.2 for QLO, 9.9 for QL2,
and -5.0 for QL3), QL3 reception for all levels of setting
(StRes = -2.5, -3.3, -9.1 and 5.8).

In addition, significant gender differences were
identified. Regardless of the quality of the reception (QL1-3),

Setting
u

Pearson
residuals:
200

Fig. 3. Mosaic plots of men (left) and women (right)
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Table 4. The performance of the attacking hits in BV concerning its type by gender

Attacking Performance

x2
Attack type Gender QLo QL1 QL2 QL3 QL4 Total Value
%(N) %(N) %(N) %(N) %(N) Sig.

M 19.8(195) 5.7(56) 8.8(87) 6.3(62) 59.5(587) 987 13.472

F 16.4(91) 8.8(49) 11.4(63) 8.5(47) 54.9(304) 554 0.009
Hard driven ball

Z 1.65 -2.32 -1.65 -1.61 1.75

P ns 0.02 ns ns ns

M 11.7(47) 14.9(60) 15.9(64) 5(20) 52.6(212) 403 5.738

F 16.2(119) 16.2(119) 15.7(115) 4(29)  48(352) 734 0.220
Driven ball

z -2.05 -0.57 0.09 0.79 1.48

p 0.04 ns ns ns ns

M 9.1(18) 11.7(23) 16.2(32) 5.6(11) 57.4(113) 197 0.830

F 7.2(14) 13.8(27) 15.9(31) 5.6(11) 57.4(112) 195 0.934
Roll shot

Z 0.69 -0.62 0.08 0.0 0.0

p ns ns ns ns ns

M 21.4(18) 13.1(11) 14.3(12) 6(5) 45.2(38) 84 6.517

F 10.8(23) 18.3(39) 15.5(33) 4.7(10) 50.7(108) 213 0.164
Poke shot

Z 2.38 -1.08 -0.26 -0.46 -0.85

P 0.02 ns ns ns ns

M 16.6(278) 9(150) 11.7(195) 5.9(98) 56.9(950) 1671 28.080
ol F 14.6(247) 13.8(234) 14.3(242) 5.7(97) 51.7(876) 1696 0.001

ota
z 1.6 -4.38 -2.24 0.25 3.03
p ns 0.001 0.02 ns 0.002

men performed excellent (QL3) settings more frequently
than women (z = 2.28, p = 0.02; z = 4.26; p = 0.001, and
z = 3.88, p = 0.001, respectively). Men also executed good
(QL2) settings more often after a QLI reception (z = 3.65,
p = 0.001) and made more errors following a good (QL2)
reception compared to women (z = 1.96, p = 0.05). On the
other hand, women performed good (QL2) settings more
frequently than men after good (QL2) and excellent (QL3)
serve receptions (z = -4.33, p=0.001 and z = -4.06, p = 0.001,
respectively). However, they also made more errors when the
reception was of good quality (QL1) (z = -3.82, p = 0.001).

The performance of the attacking hit in BV concerning
its type and the comparison between genders

A total of 3.367 attacking hits were recorded, with 1.671
performed by men and 1.696 by women (Table 4). From
the comparison of ratios and frequencies between genders
regarding the type of attacking type used, the results showed
that men used the hard-driven ball more frequently than
women (z = 15.1, p = 0.001), while women used the driven
ball and poke shot more frequently than men (z = -11.8,
p=0.00landz=-7.52,p =0.001, respectively). No significant
differences were found between genders in the use of the roll
shot (Figure 4).

Overall, the comparison of proportions and frequencies
regarding the performance of the attacking hit revealed
significant differences between genders. As shown in Table 4,
men demonstrated higher quality (QL4) attacks compared

= Hard driven ball

= Driven ball ®Roll shot = Poke shot

Fig. 4. Frequency percentage of attack hit types by gender in BV

to women (z = 3.03, p = 0.002), while women executed good
(QL2) and moderate (QL1) attacking hits more frequently
(z=-2.24,p =0.001 and z = -4.38, p = 0.001, respectively).
Specifically, no differences were found between genders
in good and excellent attacking actions across all types
of attacking hits. However, differences were observed in
moderate (QL1) and erroneous (QLO) actions. Women
performed moderate (QL1) hard-driven ball attacks more
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frequently than men (z = -2.32, p = 0.02) and made more
errors (QLO) in driven ball attacks (z = -2.05, p = 0.04).

On the other hand, men made more errors (QL0) than
women when performing poke shot-type attack hits.

The performance of the attacking hit in BV regarding the
quality of the setting and the comparison between genders

Overall, as shown in Table 5, 3.093 attacking actions
were recorded (M = 1.545 and F = 1.548). The frequency
percentage of the quality of the setting (QL), from which
the attacking hits were made, was 1.3% for QL1, 11.30% for
QL2, and 87.4% for QL3 for men, while for women it was
1.6% for QL1, 21.9% for QL2, and 76.5% for QL3. From the
comparison of the ratios and frequencies, it appeared that
men performed attacking hits more frequently than women
after excellent (QL3) settings (z = 7.87, p = 0.001), while
women performed them more frequently after good (QL2)
settings (z = -7.92, p = 0.001).

In general, regarding the performance of the attacking
hit, the comparison of ratios and frequencies showed
significant differences between genders. As shown in Table
5, men were of higher quality (QL3) compared to women
(z=2.79, p = 0.005), while women more frequently executed
good (QL2) and average (QL1) attacking hits (z = -4.07,
p =0.001 and z = -2.57, p = 0.01, respectively).

Specifically, significant differences were found between
genders, as men performed very good attacking hits more
frequently compared to women (z = 3.58, p = 0.001) when
they received good settings (QL2). However, when receiving
excellent settings, men made more mistakes (z = 3.23,
p = 0.001) compared to women, who more frequently
performed average and good attacking hits (z = -2.85,
p =0.004 and z = -2.29, p = 0.02, respectively).

Independence tests revealed a significant association
between the quality of setting and the quality of attacking
for men (y? = 70.702, df = 8 p < 0.001, Cramer’s V = 0.151,
weak association) and women (x> = 121.483, df = 8,
p < 0.001, Cramer’s V = 0.198, moderate association). The
mosaic plots in Figure 5 (left plot for men, right plot for
women) reveal the structure of the relationships between
the quality of setting and the quality of attacking per gender.
Concerning men, standardized residuals (StRes) showed a
discrepancy between observed and expected frequencies.
These quality levels, implicated in variable interdependence,
were: QLI setting with QLland QP4 attack (StRes = 3.2 for
QL1 and -2.5 for QL4), QL2 setting with almost all levels of
attack except QL2 (StRes = 2.7 for QLO, 2.4 for QL1, 3.5 for
QL3 and -4.1 for QL4). Concerning women standardised
residuals (StRes) showed a discrepancy between observed
and expected frequencies. These quality levels, implicated
in variable interdependence, were: QL1 setting and various
levels of attacking (StRes = 2.8 for QLO, 5.3 for QL1 and
-3.6 for QL4), QL2 setting and various levels of attacking
(StRes = 4.9 for QLO, 2.6 for QL1 and -4.1 for QL4), QL3
setting for various levels of attacking (StRes = -3.0 for QLO,
-2.1 for QL1 and 2.7 for QL4).

Discussion

The present study aimed to analyze and evaluate the
performance of BV players” skill types during Complex
I. Additionally the goal was to identify potential gender
differences. In every rally, technical skills are performed
cyclically, and as has been established in indoor volleyball,
each skill significantly influences the subsequent one
(Bergeles et al., 2009). Specifically, in Complex I, which
involves the organization of the attack, it has been observed

Table 5. The performance of the attacking hit in BV, in relation to the performance of the setting by gender

Attacking Performance

2
Persfztrtg‘fn . Gender QL0 QLI QL2 QL3 QL4 Total Vez.(lue
%(N) %(N) %(N) %(N) %(N) Sig.

M 30(6) 30(6) 20(4) 5(1) 15(3) 20 6.851

F 36(9) 52(13) 12(3) 0.0(0) 0.0(0) 25 0.144
QL z 0.42 -1.48 0.73 ;

p ns ns ns ns ns

M 25.1(44) 14.3(25) 143(25)  12.6(22) 33.7(59) 175 13.530

F 24.8(84) 18.6(63) 16.5(56) 41014)  36(122) 339 0.009
QL2 2 0.07 122 -0.65 3.58 -0.52

p ns ns ns 0.001 ns

M 15.6(210) 7.8(105) 109(147)  53(71) 60.5(817) 1350 22.999

F 112(133)  11.1(132) 13.9(165)  6.2(73) 57.5(681) 1184 0.001
QL3 2 3.23 285 2,29 -0.97 1.53

p 0.001 0.004 0.02 ns ns

M 16.8(260) 8.8(136) 11.4(176)  6.1(94) 56.9(879) 1545 26910

F 14.6(226)  13.4(208) 145224)  5.6(87) 51.9(803) 1548 0.001
Total 2 1.68 407 2,57 0.59 2.79

p ns 0.001 0.01 ns 0.005
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Fig. 5. Mosaic plots of men (left) and women (right)

that the performance of the serve reception affects the
performance of the ball setting, while both skills together
influence the performance of the subsequent attack hit. Thus,
the better the reception and consequently the setting, the
higher the offensive performance in both genders (Afonso
& Mesquita, 2011; Bergeles et al., 2009; Silva et al., 2013).
Moreover, as mentioned above, there were more attacks
recorded than settings in the matches. This is widely seen
and accepted in BV, because an attack can either occur as a
surprising element from a good reception or dig, or it can
also be used as a necessary action (Casanova, 2015).

The results of this study confirm the findings of
previous research (Koch & Tilp, 2009), as it was found
that the types of serve receptions primarily used were the
frontal and lateral forearm passes. Simultaneously, it was
observed that men were of higher quality than women,
who, however, more frequently used other techniques such
as dives, one-handed hits, etc. Interestingly, when women
utilized these techniques, they exhibited better quality, as
they more frequently executed very good and excellent
settings compared to men, who made mistakes more often.
These differences can be partly attributed to gender-related
differences in body dimensions, proportions, and muscular
strength (Bishop et al., 1987), as well as to the type and speed
of the serves used and the height of the net (Busca et al,,
2012; FIVB, 2021; Lopez-Martinez et al., 2020).

It is well-known that men excel in muscular strength
(Bishop et al., 1987), as demonstrated by vertical jumps and
the speed of hits, particularly serves, which reach 98.3+4.3
km/h for men and 80.1+2.7 km/h for women (Palao &
Valades, 2014). This is also related to BV players’ preference
for jump serves, especially high-speed spin serves, whose use
appears to be decisive at the women’s level, as it determines
team rankings (Buscd et al., 2012).

Regarding the type of setting, it was found that men
compared to women more frequently used overhead settings
(63.3% vs. 22.4%), while women did the opposite (77.6% vs.
36.7%). These findings, which align with those of Koch &
Tilp (2009), may be due to the higher muscular strength of
men, allowing them to move faster and position their bodies
under the ball as required by the EI.V.B. rules and overhead

setting techniques (Bishop et al., 1987). Additionally, body
proportions play a significant role, as finger size allows men to
handle the ball more easily even in more complex situations
(Giannopoulos et al., 2017; Malousaris et al., 2008).

In general, it was evident that men were of higher quality
than women, as their settings were often excellent, while
women’s settings were good. Regardless of the technique
used during the setting, it has been established that if the
previous action, i.e., the reception, is successful, the quality
of the setting helps the team fully develop its tactics.
Conversely, a poor reception immediately gives an advantage
to the opponent, as the quality and options of the setting are
reduced (Marcelino et al., 2014).

The results of this study align with previous research
(Héyrinen & Tampouratzis, 2012; Koch & Tilp, 2009), as it
was observed that as the quality of the reception increased,
the percentage of excellent settings also increased. However,
when comparing genders, it was evident that men were
of higher quality whether they received moderate, good,
or excellent receptions, which may partly be due to their
higher percentage of excellent receptions. On the other
hand, men’s better handling of moderate receptions may
have contributed to the outcome, as it has been established
that they can more frequently convert them into excellent
or good settings compared to women (Barzouka et al., 2019;
Palao et al., 2005). Furthermore, under the same reception
conditions, women were more likely to execute moderate
settings or make errors.

Regarding the types of attack hits, it was found that men
more frequently used hard driven balls (986 vs. 544), while
women favored the driven balls and poke shots (734 and 213
vs. 402 and 84, respectively), as found in previous studies
(Koch & Tilp, 2009). Overall, it was evident that men were
more effective than women, which can be explained by their
preference for powerful hard driven balls and their tendency
to take more risks to win the rally as in Volleyball (Bergeles
et al., 2009; Drikos et al., 2022).

Although the performance of most attack hit types did
not differ between genders, significant differences were
observed in the driven ball and the poke shot. In the first
case, women made more mistakes, possibly because they
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more frequently resorted to lower power but technically
demanding hits like the driven ball, due to their tendency to
take fewer risks compared to men. Moreover, despite their
increased frequency and technical demands, driven balls
often target the edges of the court at low speed, which in
some cases makes the ball’s trajectory susceptible to weather
conditions. In the second case, men, due to their tendency to
take risks in attack, used lower-power hits like the poke shot
less frequently and only in exceptional cases. Additionally,
the height of the opponent’s block combined with men’s
relatively higher physical abilities makes low-power hits less
effective. Therefore, men’s sporadic and situational use of the
poke shot, combined with less ball control due to the small
contact area with the fingers’ phalanges, may explain the
higher error rate compared to women.

The athletes’ offensive choices also affect the defensive
tactics of both genders. Beyond the blocking technique,
which is common in volleyball and beach volleyball, the latter
also employs the “peeling oft” movement, where players pre-
tend to block but then retreat to playground defense. This de-
fensive technique appears to be used more by women (28%)
compared to men (12.8%), according to FIVB data FIVB
data (Beach Volleyball: Picture of the Game, 2015). As men-
tioned earlier, it has been established that the quality of each
action increases as the quality of the previous one improves
(Bergeles et al., 2009). However, in this study, it was found
that men performed very good attack hits even when they
received only good settings more frequently than women.
When they received excellent settings, however, they made
more mistakes compared to women, who executed moder-
ate (QL1) and good attack hits (QL2), allowing the opposing
team to organize their play. This may be due to the higher
number of driven ball and poke shot hits (734 vs. 402 and 213
vs. 84, respectively) used by women compared to men, who
more frequently chose hard-driven ball hits (986 vs. 554).

The authors acknowledge limitations to the study
design. Initially, the sample was limited to the top 32 national
beach volleyball teams from a single tournament, potentially
restricting generalizability and not reflecting broader
performance trends. Secondly, physiological factors were
hypothesized but not directly measured, and extraneous
variables like weather, court conditions, and team strategies
have not been controlled.

Conclusions

In conclusion, men were more effective than women,
primarily using the forearm reception, overhead setting and
powerful attacking hits, which contribute to higher quality.
On the other hand, women used more side and other types
of receptions, the forearm pass, driven ball, and poke shot in
their attacking hit. It was also evident for both genders that the
higher the quality of the service reception, the greater the qual-
ity of the setting and the effectiveness of the attack. It is recom-
mended to conduct similar research at different competitive
and age levels, as the present study was conducted at a highly
competitive level, and its findings may not be generalized.
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HAIpaB/Isie€ M 'S4 HAIAJAYOMY /ISl BUKOHAHHS YAApy) OL{HIOBAINCS 3a YOTHPYPIBHEBOIO LIKAIO0 PEITUHIY SIKOCTI TAKTUKI,
a aTaKywui yjapyu — 3a I ATMPIBHEBOIO IIKano. TecT Ha BU3HaYeHHA 00CepBaliiiHOI HafilfHOCTi IPOIEMOHCTPYBAB BUCOKMIT
KoeQilieHT Kopesii.

Pesynprarn. [paBiii 40/10Biu0i CTaTi B IIHXXHOMY BOJIEIIO0I 3arajoM IPOJIeMOHCTPYBAIN BUILY SKICTb (piBeHb AKOCTI —
QL3) y mpuitomi mogadi Ta mepefadi Msida 3 MO3NIiI 3B’A3y1040r0, a TaKOXK 6ibury epexrusHicTs (QL4) y BUKOHaHHI Hamaza-
I04MX YAapiB MOPIBHAHO 3 >KiHKaMu. YoJI0BiKM YacTillle BUKOPUCTOBYBaNU 6a30BY TeXHIKy BUKOHAHHA Iepefiadi Mepenriadsam
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npu npuitomi Msga (p = 0.001), BepxHio nepenady (p = 0.001) 3 mo3uii 38’s13yr040ro Ta cuibHMIT Hamagaounit ygap (p = 0.001)
IPY aTaKyIO4MX JifAX, MOPIBHIOYM 3 IPaBLAMY >XKiHOYOI crari. HaromicTh >KiHKM YacTillle BUKOPUCTOBYBaIM OiuHy Iepefady
HepenrIivyyAM Ta iHun TexHiky npuitomy M’siga (p = 0.001 ta p = 0.001 BifmOBiffHO), HIDKHIO Iepefady 3 MO3MLil 3B I3YI040T0
(p=0.001) Ta TexHiKV CJIBHOTO J1 aTAaKYIOYOTO YapiB, 1110 BUKOHYIOTbCA 3ITHY TUMH Ia/IbLAMY, BUKOPUCTOBYIOYM KiCTOUKH, 1100
3aBJaTI LIBU/IKOTO Ta TOYHOTO YAAPY [0 M A4y Ipy aTaKyo4dux Aisx (p = 0.001 ta p = 0.001 sigmosigHo). Kpim Toro, unm Buiia
AKICTb IpUIOMY MOfadi, TUM Kpallia SKiCTh BUKOHAHHA Iepefadi 3B A3yrounym rpaseM (p < 0.001), a 1M BUIIIA AKICTh BUKOHAHHSA
nepepaudi 3 Mo3uLii 38’13y040ro, TM edekryBHinma araka (p < 0.001) a1t 060x cTareit. 3pelTor, pe3y/IbTaTy IIOKasaIi, 1Ij0 40-
JIOBIKM-CIIOPTCMEHM YacTillle BUKOHYBa/M BiMiHHI epepadi 3 mo3uuii 38’ 13y1040ro, HbK >kiHkn-cropreMenku (p = 0.02, p =0.001
ta p = 0.001 BifnoBifHO), He3a/IE)KHO Biff piBHA SIKOCTI HPUITHATOI ITOfAYi.

BucnoBku. Ipasiii yonosivoi craTi BuABMIMCA eq)eKTMBHimMMM 3a IPaBIiB >XiHOYOI CTaTi, OCKI/IbKM BOHM HacaMIlepe[ BI-
KOPMCTOBYBA/IM TeXHiKy (PPOHTANIBLHOTO IPMITOMY, BEPXHIO Iepefjady 3 MO3MUIIil 3B’A3yI0UOTO Ta MOTYXHI aTaKyoui ygapu, o
HiIBUIIMIO 3aTajibHy AKICTb IXHbOI IpK. 3 METOIO y3araJbHEHHA OTPUMAHUX Pe3y/IbTaTiB PEKOMEHYEThCS IPOBECTHU IOfaIbILi
JOCTi/I)KeHH: Pi3HUX 3Mara/jlbHNUX PiBHIB Ta BIKOBMX KaTeropiii.

KnrouoBi cnoBa: pe3ybTaTUBHICTD, TeXHIUHI HABMYKM, KOMIUIEKC I, UL KHMIT BOJIENOOIT, resjep.

Information about the authors:
Tsakiri, Marina: marinatsak@phed.uoa.gr; https://orcid.org/0000-0003-3622-0059; School of Sports Science and Physical
Education, National and Kapodistrian University of Athens, Greece, Ethnikis Antistaseos St, 41, Dafni, 17237, Greece.
Marathokampitou, Nafsika: nausikamarathokampitou@gmail.com; https://orcid.org/0009-0008-3794-5119; School of Sports
Science and Physical Education, National and Kapodistrian University of Athens, Greece, Ethnikis Antistaseos St, 41, Dafni,
17237, Greece.
Gasteratos, Vasilios: billy.gas@hotmail.com; https://orcid.org/0009-0008-2034-0025; School of Sports Science and Physical
Education, National and Kapodistrian University of Athens, Greece, Ethnikis Antistaseos St, 41, Dafni, 17237, Greece.
Mazonakis, Alexandros: godofwar.am@hotmail.com; https://orcid.org/0009-0002-5284-0856; School of Sports Science and
Physical Education, National and Kapodistrian University of Athens, Greece, Ethnikis Antistaseos St, 41, Dafni, 17237, Greece.
Drikos, Sotirios: sodrikos@phed.uoa.gr; https://orcid.org/0000-0002-8076-1269; School of Sports Science and Physical
Education, National and Kapodistrian University of Athens, Greece, Ethnikis Antistaseos St, 41, Dafni, 17237, Greece.
Barzouka, Karolina: kbarzouk@phed.uoa.gr; https://orcid.org/0000-0001-5970-4975; School of Sports Science and Physical
Education, National and Kapodistrian University of Athens, Greece, Ethnikis Antistaseos St, 41, Dafni, 17237, Greece.
Sotiropoulos, Konstantinos: kostasnso@phed.uoa.gr; https://orcid.org/0000-0002-9202-6085; School of Sports Science and
Physical Education, National and Kapodistrian University of Athens, Greece, Ethnikis Antistaseos St, 41, Dafni, 17237, Greece.

Cite this article as: Tsakiri, M., Marathokampitou, N., Gasteratos, V., Mazonakis, A., Drikos, S., Barzouka, K., &
Sotiropoulos, K. (2025). A Comparative Analysis of Male and Female Complex I Skill Performance in Beach Volleyball. Physical
Education Theory and Methodology, 25(6), 1378-1388. https://doi.org/10.17309/tmfv.2025.6.08

Received: 29.10.2025. Accepted: 18.11.2025. Published: 30.11.2025

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

1388



Physical Education Theory and Methodology ISSN 1993-7989 (print)

. . ISSN 1993-7997 (online)
Teoplﬂ Ta MeToganka ¢|3|/|"|H0r0 BUXOBaHHA ISSN-L 1993-7989

Original Scientific Article

The Development and Educational Evaluation of a Smart
loT Relay Baton with Accelerometer Technology
Cahyo Yuwono'*®¢P, Adi S'4*PE, Tommy Soenyoto'“"*, Sri Indah Ihsani**“P,

Made Bang Redy Utama®*"¥, Hilmy Aliriad***?, Khoiril Anam'4“"¥, Widya Hari
Cahyani'“"%, Laily Mita Andriana**“* and Mahenderan Appukutty®*<P

"Universitas Negeri Semarang, Indonesia

*Universitas Negeri Jakarta, Indonesia

*Universitas Nahdlatul Ulama Sunan Giri Bojonegoro
*Universitas Negeri Surabaya

*Universiti Teknologi MARA

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

Corresponding Author: Cahyo Yuwono, e-mail: cahyoyuwono@mail.unnes.ac.id
Accepted for Publication: October 21, 2025
Published: November 30, 2025

DOI: 10.17309/tm£v.2025.6.09

Abstract

Background. Relay performance depends on both individual speed and the efficiency of baton exchanges. However,
conventional batons lack quantitative feedback to guide training.

Objectives. This study aimed to develop and evaluate a Smart IoT Relay Baton equipped with an accelerometer to
provide objective, real-time performance data.

Materials and Methods. A modified R&D approach by Borg and Gall was used, involving needs analysis, system
design, expert validation, small/large-scale trials, product revision, and finalization. The prototype used an
accelerometer + NodeMCU ESP32, MQTT streaming, and a web dashboard. The participants were 241 sprint relay
athletes (19-23 years). Baseline runs with conventional batons were followed by identical runs with the IoT baton.
The outcomes included the measurement of transition time, entry speed, average acceleration, and team coordination
(sync delay). The statistical analysis employed comprised using the Shapiro-Wilk test, paired t-tests, Cohen’s d, and
Pearson correlations (a = .05).

Results. Significant improvements were observed across all variables: transition time —9.97%, entry speed +9.85%,
average acceleration +8.98%, and coordination +24.21% (all p < .05). Effect sizes were large to very large (d =
0.70-1.20). Correlations highlighted strong links between entry speed and acceleration (r = .74), as well as between
transition time and coordination (r = .68).

Conclusions. The IoT baton effectively supported coaches with accurate evaluations and strategic decision-
making. These findings underscore the transformative role of IoT-based devices in advancing evidence-based sprint
training. Further research should validate the tool in official competitions, integrate biometric and video-tracking
technologies.

Keywords: IoT in sports, sprint relay performance, accelerometer evaluation.

Introduction (Yuwono, Billiandri, et al., 2025), thereby supporting bet-
ter athletic performance in the future (Kusuma et al., 2023;
Yuwono et al., 2024). In line with the need for peak per-
formance, innovations in relay baton design are necessary.
Conventional batons may not be suitable for all athletes;
modified batons are safer, more comfortable (Hidayatullah
et al., 2020), and more precise (Shandal, 2022). In addition,
conventional batons do not take into account ergonomic and

(@ PETM measurement needs. Conventional batons are unable to pro-
! LLCOVS
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Individualized training is key to improving athletic per-
formance (Yuwono, Adi S, et al.,, 2025) and honing talent
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vide quantitative data on the speed, acceleration, and rhythm
of runners' steps during the exchange. Coaches find it dif-
ficult to evaluate athletes due to the scarcity of reliable sta-
tistical data (Griffin et al., 2021). Objective data such as race
times and movement analysis are crucial for accurate athlete
selection and performance evaluation (Johnston & Baker,
2022). Time is critical in extracting insights (Komitova et al.,
2022). Optimal baton-passing techniques are crucial in relay
races. The lack of objective data makes it difficult for coaches
to identify their team's weaknesses. To overcome the diffi-
culties in evaluation caused by scarcity of objective data, the
integration of 5G loT technology and accelerometer sensors
provides an innovative solution that supplies real-time data.
Thelack of quantitative data makes it difficult for coaches
to identify weaknesses in baton exchange techniques and
determine the most optimal runner order. This is crucial
considering that the success of a relay team is greatly
influenced by the combination of individual speed and
efficient baton exchange techniques. In the national context,
although Indonesia won the gold medal in the men’s 4x100
m event in 2023, this achievement has not been consistent
across all relay events. Until now, there has been no objective
evaluation that can determine with certainty which runners
are the fastest or slowest in baton exchanges, so team strategies
still rely on subjective estimates. This situation underscores
the need for technology that can provide real-time, accurate,
and practical data to support performance development.
The integration of 5G loT technology facilitates the
collection and analysis of multi-index sports data (Wang
& Zhao, 2021). Wearable sensors play an important role
in improving performance (Sattaburuth & Wannapiroon,
2021), measuring acceleration (Sheerin et al., 2020; Tenforde
et al., 2020) and measuring acceleration patterns (Lariviere
et al., 2020). In addition, accelerometers can estimate
walking speed by analyzing raw data (Davis et al., 2023).
By integrating accelerometers into IoT-based relay batons,
coaches can obtain detailed information about acceleration,
deceleration, and baton exchange effectiveness. This
technology not only enables more accurate performance
monitoring but also provides a systematic basis for evaluating
training strategies and determining team composition.
Previous studies have explored running support
technologies, such as the use of drones, smart shoes, and
video analysis systems (Balasubramaniam et al., 2023;
Cardenas Hernandez et al., 2024; Hébert-Losier & Pamment,

Table 1. Participant Characteristics (n = 241)

2023). However, these approaches still have limitations,
including high costs, complex personalization requirements,
limited coverage of straight sprints, and a lack of ability to
provide direct quantitative feedback (Mohamed Zaki et al.,
2024). This emphasizes the urgency of innovating devices
that are more practical, Real-time, and adaptive to the actual
conditions of the relay track.

Based on this background, this study aims to develop and
evaluateaSmartIoT Relay Baton withanaccelerometer sensor
as an innovative solution for monitoring the performance of
relay runners. The resulting prototype not only functions
as a handover tool but also as a data-based evaluation
instrument that supports coaches in identifying athletes’
strengths and weaknesses, developing team strategies, and
comprehensively optimizing sprint performance.

Materials and Methods

Research Design

This study employed a Research and Development
(R&D) design based on a modified Borg and Gall model.
The process included needs analysis, system design, expert
validation, small- and large-scale field testing, product
revision, and finalization.

Participants

A total of 241 sprint relay athletes from PASI (Indonesian
Athletics Federation) Central Java participated. Purposive
sampling was applied with inclusion criteria: age 19-23
years, provincial-level competition experience, and regular
training (=3 sessions per week). Athletes with acute injuries
or medical contraindications were excluded. Participant
characteristics are summarized in Table 1.

Instruments

The primary instrument was the Smart IoT Relay Baton,
integrating an accelerometer with a NodeMCU ESP32
microcontroller. A web-based monitoring application
visualized real-time data via MQTT protocol, with PHP
backend and MySQL database. Additional tools included
observation sheets, expert validation questionnaires, and a
digital stopwatch as backup.

Variable Total (n=241) Male (n=121) Female (n=120)
Mean + SD Mean + SD Mean + SD
Age (years) 193+24 19.5+25 19.1+23
Height (cm) 170.6 + 8.1 174.8 £6.9 166.2 £ 6.7
Weight (kg) 62.9+9.38 68.1 £8.2 57.7+7.5
Training experience (years) 3.8+19 40+1.8 3.6+2.0
Event specialization, n (%)
~ 4x100 m 181 (75%) 92 (76%) 89 (74%)
~ 4%400 m 60 (25%) 29 (24%) 31 (26%)
Preferred handover hand (R/L), n (%) 197/ 44 104 /17 93 /27
Recent injury (last 6 months), n (%) 38 (15.8%) 20 (16.5%) 18 (15.0%)
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Fig. 1. Smart IoT Relay Baton Prototype

Procedure

Baseline trials were conducted using conventional
batons, followed by trials with the IoT baton under identical
conditions. Each athlete performed multiple runs, with
performance metrics recorded: (1) transition time, (2) sprint
speed entering the exchange zone, (3) average acceleration,
and (4) team coordination (sync delay). Expert validation
involved sport technology specialists and PASI coaches,
ensuring both technical reliability and practical usability.

Ethical Considerations

This study was conducted following ethical standards
for research involving human participants. Ethical approval
was obtained from the Ethics Committee under Approval
No: 0419/KEPK/UNNES/IX/2025. All participants were in-
formed about the study objectives, procedures, potential risks,
and benefits, and provided written informed consent prior to
participation. To minimize risks, athletes were screened for
acute injuries or medical contraindications before data col-
lection, and only those deemed safe to participate continued
with the trials. Participation was voluntary, and athletes were
allowed to withdraw at any time without penalty.

Data Analysis

Data normality was tested using Shapiro-Wilk. Pre—post
comparisons were analyzed with paired sample t-tests, and
Cohen’sd quantified effectsizes. Pearson’s correlation assessed
relationships between key variables. Descriptive statistics
(mean, SD, percentage improvement) complemented
inferential results. Significance was set at p < 0.05.

Results

Prior to hypothesis testing, a normality check was
conducted using the Shapiro-Wilk test. The results showed

Table 3. Paired Sample T-Test Results

that the distribution of all four performance variables
met the assumption of normality, with significance values
greater than 0.05. This finding indicates that the dataset was
suitable for further analysis using parametric statistical tests,
specifically paired sample t-tests. The details are presented
in Table 2.

Table 2. Normality Test of Performance Variables
(Shapiro-Wilk)

Variable Significance (p)
Relay Transition Time (s) 0.091
Sprint Speed Entering Zone (m/s) 0.087
Average Acceleration (m/s®) 0.094
Team Coordination (Sync Delay) (s) 0.066

Note. All p values exceeded 0.05, confirming that the data were
normally distributed

After confirming the assumption of normality, paired
sample t-tests were conducted to examine differences in
athletes’ performance before and after using the IoT-based
relay baton. The results demonstrated statistically significant
improvements across all four measured variables. Relay
transition time decreased by 0.32 seconds (9.97%), sprint
speed entering the exchange zone increased by 0.80 m/s
(9.85%), average acceleration improved by 0.22 m/s” (8.98%),
and team coordination, measured by sync delay, improved by
0.23 seconds (24.21%). These findings indicate that the use
of the IoT relay baton substantially enhanced both technical
and coordinative aspects of sprint relay performance. Figure
1. Pre-post comparison of relay performance variables
before and after the implementation of the IoT-based relay
baton. Bars represent mean + standard deviation (SD).
Gray bars = pre-test; teal bars = post-test. Percentage values
above the post-test bars indicate the relative improvement
compared to baseline.
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Fig. 2. Pre-Post Comparison of Performance Variables

Variable Mean (Pre-Post) t Count Difference Sig. (p) % Improvement
Relay Transition Time (s) 3.21->2.89 4.212 -0.32 0.0011 9.97% (Time Decrease)
Sprint Speed Entering Zone (m/s) 8.12>8.92 3.654 +0.80 0.002 9.85% (Speed Increase)
Average Acceleration (m/s?) 2.45 > 2.67 2918 +0.22 0.011 8.98% (Increase)
Team Coordination (Sync Delay) (s) 0.95->0.72 3.101 -0.23 0.006 24.21% (Synchronization)
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Beyond statistical significance, effect size analysis
was conducted to determine the practical magnitude of
improvements across the four performance variables. The
results confirmed that the intervention had meaningful
impacts on relay performance. Transition time (d = 0.90)
and sprint speed entering the exchange zone (d = 0.85)
demonstrated large effects, while average acceleration
(d = 0.70) showed a medium-to-large effect. Notably,
team coordination (d = 1.20) exhibited a very large effect,
indicating that the IoT-based baton was particularly
effective in enhancing synchronization among runners.
These findings highlight that the improvements were not
only statistically significant but also practically relevant for
training and performance optimization.

Table 4. Effect Size (Cohen’s d) for Performance Variables

Variable Cohen’sd Effect Category
Relay Transition Time 0.90 Large
Sprint Speed Entering Zone 0.85 Large
Average Acceleration 0.70 Medium-Large
Team Coordination (Sync Delay) 1.20 Very Large

Note. Interpretation of effect sizes follows cohen’s (1998)
guidelines, where 0.2 = small, 0.5 = medium, and 0.8 = large

Tofurtherexploretherelationshipsbetween performance
indicators, Pearson’s correlation analysis was performed. The
results revealed several meaningful associations. Transition
time was strongly and positively correlated with team
coordination (r = 0.68, p = 0.003), suggesting that shorter
transition times were achieved when baton exchanges were
more synchronized. Sprint speed and average acceleration
showed a very strong positive correlation (r = 0.74, p =
0.001), indicating that higher sprinting speed entering the
exchange zone was strongly supported by greater initial

acceleration. Conversely, sprint speed and team coordination
were moderately and negatively correlated (r = -0.58, p =
0.010), implying that increases in speed without sufficient
synchronization could disrupt baton exchanges. Figure 2.
Correlation analysis of relay performance variables (a) relay
transition time and team coordination; (b) Sprint speed
entering the exchange zone and average acceleration; (c)
Sprint speed and coordination.

Discussion

The use of loT-based baton relay sticks significantly
improves team coordination. This is evident from the
significant reduction in sync delay (the interval between
runners) by 24.21% reflecting improved synergy and
harmony in baton exchanges. This improvement in
coordination also has the greatest impact compared to other
variables. The implementation of IoT-based relay batons
significantly improves team coordination during relay
transitions by facilitating real-time communication and
feedback among team members. This interactive technology
enables synchronous interaction, which is crucial in high-
tempo environments where quick decision-making is
essential (Georganta et al., 2024; Soenyoto et al.,, 2025). By
providing adaptive feedback mechanisms, IoT systems can
monitor team dynamics and dynamically adjust coordination
strategies, thereby improving overall performance (Irawan et
al., 2025; Wiltshire et al., 2024). Furthermore, the use of lean
communication tools, such as gestural signals in competitive
settings, demonstrates how effective communication can be
optimized even under constraints, further supporting team
coordination (Nova et al., 2023; Zheng et al., 2023). Overall,
the integration of loT technology in relay transitions not only
stramlines the process but also fosters a more cohesive team
enviroment, ultimately leading to improved performance
outcomes (Alfariski et al., 2022; Narvios et al., 2022).
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Fig. 3. Correlation analysis of relay performance variables

Table 5. Correlations Between Performance Variables

Variable Correlation r Value Sig. (p) Interpretation
Transition Time vs. Team Coordination 0.68 0.003 Strong positive correlation
Sprint Speed vs. Average Acceleration 0.74 0.001 Very strong correlation
Sprint Speed vs. Team Coordination -0.58 0.010 Moderate negative correlation

Note. Positive correlations indicate that improvements in one variable are associated with improvements in another, while negative

correlations suggest a trade-off relationship
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The relay transition time decreased from 3.21 seconds
to 2.89 seconds, demonstrating improved technicl efficiency
due to the real-time information provided by the tool. This
quantitative data helps coaches evaluate athletes' timing and
responses objectively, which was previously based solely on
manual observation. The transition time variable shows a
significant improvement in performance after technologi-
cal intervention due to increased efficiency in detecting and
managing transitions in various contexts. For example, in
healthcare, technology facilitates better integrated care co-
ordination, addressing gaps in information exchange and
communication among providers, which is particularly im-
portant for patients with chronic conditions such as CKD
(Feldner & Davey, 2023). Similarly, advances in assistive de-
vices, such as exoskeletons, leverage machine learning to op-
timize real-time transition detection, significantly improving
processing time and user experience (Orhan et al., 2023). In
product development, the use of virtual reality (VR) during
transition activities has been shown to improve team perfor-
mance by encouraging more effective discussion and deci-
sion-making processes (Horvat et al., 2023). Furthermore,
in an organizational context, acquiring alliance partners can
streamline knowledge absorption, thereby increasing inven-
tive output and improving technological performance (Mc-
Carthy & Aalbers, 2022). Finally, innovations in adaptive
optics have drastically reduced response times, demonstrat-
ing the impact of technological advances on performance
metrics (Boudjema et al., 2025). Collectively, these interven-
tions show that technology not only streamlines, processes
but also improves overall performance in various fields.

There is a very strong correlation (r = 0.74) between
sprint speed and average acceleration. This indicates that
the increase in a runner’s speed when entering entering
the transition zone is greatly influenced by their initial
acceleration ability. Thus, training that combines sprinting
and acceleration techniques will be more effective. The
relationship between sprint speed entering the zone and the
runner's average acceleration is significant, as evidenced by
various studies. Research shows that the ability to generate
a high force ratio during initial acceleration is crucial for
sprint performance, with kinematic characteristics such as
foot placement and ankle dorsiflexion playing an important
role in improving acceleration ability (Bhakti et al., 2024).
Additionally, hip torque has been identified as a mechanistic
link between acceleration and maximum speed, suggesting
that increased thigh angle acceleration can benefit both
phases of sprinting (Adi et al., 2023). Research shows that
the ability to generate a high force ratio during initial
acceleration is crucial for sprint performance, with kinematic
characteristics such as foot placement and ankle dorsiflexion
playing an important role in improving acceleration ability
(King et al., 2022; Rumini et al., 2024b). Additionally, hip
torque has been identified as a mechanistic link between
acceleration and maximum speed, suggesting that increased
thigh angle acceleration can benefit both phases of sprinting
(Clark & Ryan, 2022; Rumini et al., 2024a). Finally,
innovations in adaptive optics have drastically reduced
response times, demonstrating the impact of technological
advances on performance metrics (Annas et al., 2024;
Boudjema et al., 2025). Collectively, these interventions
show that technology not only streamlines processes but
also improves overall performance in various fields.

.Futhermore, metrics such as sprint distance and
acceleration at varying speeds have been shown to correlate
with player workload, indicating that these factors are
important for understanding the dynamics of sprinting in
a competitive context (Aliriad et al., 2024; Prudholme et
al., 2022). Overall, these findings underscore the interplay
between acceleration and sprint speed, highlighting the
importance of targeted training to optimize performance
(Irawan et al., 2023; Silva et al., 2024).

Real-time data from the tool enables coaches to identify
the most eflicient runners and those who need improvement,
as well as to sequence runners based on quantitative data
such as reaction time, zone entry speed, and transition time.
This provides a strategic advantage previously unavailable
through subjective methods. The effectiveness of real-time
data in helping coaches strategize and sequence relay runners
is significantly enhanced through the use of objective
measurement protocols and advanced analytics.

Wearable devices, such as inertial measurement units
(IMUs), provide coaches with measurable performance
metrics,enablingaccurateevaluation ofathletes' coordination
abilities and fatigue levels, which are crucial for optimizing
relay strategies (Carissimo et al., 2023; Hamidi Rad et al,,
2022; Permana et al., 2024). Additionally, the integration of
real-time data into training dashboards facilities informed
decision-making by providing comprehensive performance
reports that track progress over time.

The integration of IoT relay batons in sports education
and athlete training curriculum development holds
significantimplications, as evidenced by the advancements in
IoT technologies across various sports contexts. The broader
application of IoT in physical education, as highlighted by
the use of wearable devices, underscores the potential for
these technologies to facilitate more effective teaching and
learning processes in sports education, thereby supporting
sustainable higher education in physical education and
sports (PES) (Cojocaru et al., 2022). Furthermore, the
integration of advanced technologies like virtual reality,
augmented reality, and wearable tech in professional sports
training has been shown to enhance performance metrics,
reduce injury risks, and improve cognitive skills, which
could be mirrored in the use of IoT relay batons to optimize
training outcomes (Huang & Tang, 2024). The acceptance
of wearable IoT devices, such as smart bracelets, has been
shown to significantly enhance physical performance
metrics among college students, suggesting that similar
acceptance and integration of IoT relay batons could lead
to improved training results and curriculum development
in sports education (Xu et al., 2024). Additionally, the use
of IoT devices in sports, such as the rowing propulsion
monitoring system, demonstrates the potential for real-time
data analysis and performance optimization, which could be
adapted for relay baton use to provide athletes and coaches
with valuable insights for performance improvement (Castro
et al., 2022). The continuous advancements in wearable
technology and ubiquitous computing further support the
development of personalized training programs and data-
driven decision-making, which are crucial for modernizing
sports education curricula and enhancing athlete training
programs (Setyawati et al., 2024). Overall, the integration of
IoT relay batons in sports education and training curricula
can lead to more personalized, data-driven, and effective
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training methodologies, ultimately enhancing athletic
performance and educational outcomes.

This study has several limitations that should be
considered when interpreting the results. First, there is a
potential for a sequence effect because all participants
performed a baseline trial with a conventional cane
followed by a trial using an IoT-based cane. Although the
same warm-up and rest intervals were applied, fatigue or
adaptation effects may have influenced the performance
differences. Future studies should consider a randomized or
balanced crossover design to minimize this effect. Second,
the performance metrics (transition time, sprint speed,
acceleration, and synchronization delay) were primarily
obtained from accelerometers and a web-based dashboard
developed for this study. Although these devices have been
validated by experts, some level of measurement error (e.g.,
sensor calibration drift, data transmission latency) may have
affected the accuracy of the collected data. The integration
of high-speed video analysis or force plates could further
strengthen the accuracy of performance measurements.
Finally, participants were limited to provincial-level athletes
aged 19-23 years. Therefore, generalizing the results to elite
or younger athletes should be done with caution.

Conclusion

The development and evaluation of the Smart IoT
Relay Baton with an integrated accelerometer proved to be
effective in enhancing sprint relay performance by providing
objective and real-time data. Significant improvements were
observed across all measured variables, including reduced
transition time (-9.97%), increased entry speed (+9.85%),
enhanced average acceleration (+8.98%), and notably
improved team coordination (+24.21%). Effect sizes ranging
from large to very large confirm that the intervention was
not only statistically significant but also practically relevant.
These findings highlight the potential of IoT-based devices
to replace subjective observational methods, allowing
coaches to make more accurate evaluations and strategic
decisions in athlete training and team composition. Future
research is recommended to validate the system in official
competition settings, integrate biometric and video-tracking
technologies to broaden analytical capabilities, and develop
predictive models for optimizing relay runner order, as well
as to extend the application to other relay events and youth
athletes to strengthen data-driven athletic development.
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Po3po6neHHA Ta OUiHKa OCBiTHbOI e(peKTUBHOCTI
BUKOPUCTaHHA CMapT-ecTadpeTHOI NafInuKN Ha OCHOBI
IHTepHeTy peuen (loT) 3 TexHONoOri€lo akcenepomeTpa

Kaxiio FOBoH0'43P, Axi C'4BPE, Tommi Coenbitoto'“PF, Cpi Ingax Ircani**P,
Mape Banr Peni Yrama® Pk, Xinmi Amipiap®A®P, Xoitpin Amam'ACPE,

Bigpsa Fapi Kax’sani' P, JTaiini Mita Auppiana*®c’f, MaxeHgepeH AnnmyKyTTi

'ep>kaBunii yHiBepcuter CeMapaHra
*lep>xaBHuit yHiBepcuteT [)kakapTu

15BCD

*Yuisepcurer Haxpmaryn Yiama Cynan [ipi Boitoneropa

*Hep>xaBuuit yHiBepcurer Cypabai
*YuiBepcurer Texnonorii MAPA

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

Pedepar. Crarts: 9 c., 5 Tabn., 3 puc., 52 mxeperna.

IcTopis nuranHs. PesynbTaTuBHICTD ecradeTy 3aeXUTD SIK Bif iHAMBigyanbHOI IIBUAKOCTI, TaK i Bif edeKTUBHOCTI Iepe-
naui ecradetHol mannaku. OfHaK TpaanLiiHi ecradeTHI ManTnYKy He JAIOTH KiNbKicHOI iHdopMariii, He0OXifHOI A/I1 ITaHYBaHHS

TpEeHyBaHb.
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Mera gocifpkeHHs. MeTa I1bOro JOCTIIKEHHS IOJISITaIa y po3po0O/IeHHi Ta OLiHIi cMapT-ecTadeTHOI majndKy 3 iHTerpa-
nieto InrepHery peueit (IoT), ocHaleHOI aKceepOMETPOM, [/IA HalaHHA 00’ €KTMBHUX JAHUX IIONO MPOAYKTMBHOCTI B PeXUMI
P€asbHOTO Yacy.

Marepianu Ta MeTOAM. 3aCTOCOBAHO METOJ] HaYKOBO-IOCIITHNX Ta JOCTIAHO-KOHCTPYKTOPChKIX pobiT 3a Mozervtio bopra
i Taya, 110 BKIIFOYAB aHaIi3 OTPeO, AU3AITH CUCTEMI, €KCIIepTHY Baliflaljito, HeBeIMKi/ BEIMKOMAacIITabHi BI/Il‘[p06yBaHHH, 00~
IpalloBaHHA NPOAYKTY Ta diHamizario. Y mpoTorui BUKopucToBysamics akcenepomerp + NodeMCU ESP32, MQTT-crpimiHr
Ta Be6-gambopa. Y fOCTifKeHH] B3 yuacTb 241 ciopTcMmeH 3i cipuaTepcbKol ectaderu Bikom 19-23 poxn. ITicis 6asoBux
3a0iriB i3 3BMYaHMMY ecTaeTHUMY IalTuYKaMy OyIu IpoBefieHi ineHTwyHi 3a6irn 3 mamruxkamu [oT. PesynbruTy BKIoyamm
BUMipIOBaHHA [TOKa3HVKIB Yacy Iepexofly, MIBUAKOCTI Ha CTapTi, CepefIHbOTO MPUCKOPEHH:A Ta KOOPAMHALIT KOMaH/Y (3aTpuMKa
cuHxpoHizanii). CTaTUCTMYHUIT aHa/Ii3 OXOIIIOBAB BUKOpPUCTaHHA Kputepito Illanipo-Binka, t-kpurepii A mapHux Bubipok,
koedinient d Koena Ta xopensuii ITipcona (a = .05).

PesynbraTu. 3a BciMa NOKa3HMKAMU CIIOCTEPIranmcs 3HauHi IOJNIIEHHA: Yac nepexony —9.97%, MBUAKICTb Ha CTapTi
+9.85%, cepenne npuckopernsa +8.98% i kooppuHanis +24.21% (Bci p < .05). PosMmipu edekTy cTaHOBMIN Bifi BEMKUX [0 TyXKe
BermmKux nokasHrkis (d = 0.70-1.20). Kopesiuii migkpecmnmm MilHi 3B’13KM MDK CTAPTOBOIO IIBU/KICTIO Ta IPUCKOPEHHSIM
(r=.74), a Tako>X MK YacOM Hepexofiy Ta KOOpAMHaIiiero (r = .68).

BucHoBku. Bukopucranus ecraderHoi mammuku 3 inrerparniero Iurepuery peueit (IoT) crpusno edexTusHii miarpumii
TpeHepiB y MpOBeIeHH] TOYHMX OLIIHOK Ta YXBaJIeHH]I cTpaTeriyHmx piurenb. OTprMaHi pe3y/IbTaTit MiIKPECIIO0Th TpaHchopMa-
L{iTHY poIb IPUCTPOIB Ha ocHOBI IHTepHeTY pedelt (I0T) y posBUTKY HayKOBO OOIPYHTOBAHOTO TPeHyBaHH: cipuHTY. [loganbii
HOCIPKEHHA MAlOThb Bali/lyBaTy 3a3Ha4eHNUIT iHCTPyMEHT B OQilliliHMX 3MaraHHAX, a TAKOX iHTerpyBaTu 6ioMeTpuyHi Ta Bifieo-
TPeKiHToBi TeXHOIOTii.

Knrouosi cmosa: Inteprer peuyeit (IoT) y ciopri, pe3y/ibraTuBHICTb CIPMHTEPCHKOI ecTadeTy, OLiHIOBAaHHSA JaHMX 32 JOIIO-
MOTOI0 aKCeNePOMETPA.
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Abstract

Objectives. This study aimed to explore the development and supportive role of a website-based training model
designed to complement coach-led instruction and improve handball shooting skills in athletes aged 15-17.
Traditional training methods have limitations in engagement and consistency, which the web-based model seeks to
mitigate by enhancing athlete—coach interaction and accessibility.

Materials and Methods. The study employed a Research and Development (R&D) design, following the Borg and
Gall model, with a pre-test and post-test design. The experimental group (n = 20) used the website-based model
under coach supervision, while the control group (n = 20) followed conventional training methods. Data was
collected through shooting accuracy tests, surveys, interviews, and observations.

Results. The results revealed that the experimental group demonstrated a significantly greater improvement in
shooting accuracy, with an N-Gain of 63.90% (95% CI [58.7, 69.1]; p < .001), compared to the control group’s N-Gain
0f 24.62% (95% CI [20.3, 29.0]). The website-based model was found to be supportive and effective in standardizing
improvements and providing flexible, coach-assisted interactive training. However, challenges such as athlete
resistance to new methods and technology access issues were identified.

Conclusions. The study highlights the potential of digital tools in sports training, emphasizing the need for blended
implementation with traditional coaching and continued development to address technical and accessibility
challenges. Further research should be conducted to investigate the long-term integration, scalability, and coach-
mediated implementation of this training model across various sports and age groups.

Keywords: website-based training, handball shooting skills, youth sports training, digital learning tools, athletic

performance improvement.

Introduction

Handball is a dynamic and physically demanding sport
that requires athletes to master various technical skills to
perform effectively. Among these, shooting is one of the
most critical skills as it directly impacts an athlete’s ability
to score (Nopianto et al., 2021; Onell et al., 2023). At the
junior level, athletes aged 15-17 are often still developing
the necessary technical foundations to excel in shooting.

© Arif, M., Sukriadi, S., Dwi, D. R. A. S., & Ramadan, G., 2025.
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While there are established methods of training in place,
particularly for shooting, many of these techniques have not
kept pace with advances in technology (Uylas et al., 2024).
Traditional training methods, such as repetitive drills, tend
to focus on isolated skills but often lack engagement and
fail to simulate match conditions. These limitations hinder
the development of the all-rounded, dynamic shooting
abilities needed for competitive play (Muttib et al., 2024;
Uylas et al., 2024). Furthermore, traditional approaches
often underutilize digital tools that could assist coaches in
providing personalized, data-driven feedback. In response,
the integration of technology in sports training, especially
web-based platforms, presents an innovative solution that
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promises to support and enhance the coach-led process,
increasing engagement and standardizing athlete progress.
This study examines the development of a website-based
handball shooting training model for athletes aged 15-17
years, aiming to overcome the limitations of conventional
methods by offering a more interactive and personalized
coach-assisted approach.

Research on skill acquisition in sports has highlighted
the importance of not only physical but also cognitive and
psychological factors in developing proficiency (Akyiiz et
al.,, 2019; Saavedra & Saavedra, 2020). Specifically, shooting
techniques in handball require complex coordination
of upper and lower body movements, as well as acute
perceptual-cognitive abilities, including the ability to
anticipate the goalkeeper’s movements and make split-second
decisions. Several studies have explored the biomechanics
and kinematics of handball shooting, emphasizing the
importance of technique, strength, and power in executing
accurate shots (Belci¢ et al., 2023; Dahl & Tillaar, 2021).
Furthermore, it has been shown that strength training and
power development in the lower limbs and core significantly
enhance shot velocity and accuracy (Gémez-Ferolla et al.,
2024). While traditional training methods such as blocked
drills and strength training have shown some success,
they often fail to account for the dynamic nature of actual
match situations, where athletes must make decisions under
pressure and with varied defensive challenges (Apidogo
et al,, 2023). The increasing adoption of digital tools,
particularly web-based platforms, offers a promising avenue
to address these shortcomings by supplementing existing
coach-directed sessions rather than replacing them.

Web-based training systems have the potential to
provide athletes with real-time feedback, personalized
drills, and the flexibility to practice at their convenience.
Technologies like wearable sensors, depth cameras, and
automated video analysis systems have been successfully
applied in various sports to monitor technique and improve
performance (Geng¢oglu & Gumiis, 2020; Zhao & Lu, 2024).
These systems offer the advantage of providing objective,
repeatable measures of key performance variables, such as
shooting velocity, and can track progress over time without
the need for constant in-person coaching. By integrating
such technologies into training models, athletes can receive
immediate feedback on their performance, allowing for more
effective skill refinement and improved match preparation.
Moreover, these platforms can be used to simulate game-
like conditions, providing athletes with a more realistic and
engaging training experience (Bhakti et al., 2024; Schrapf
et al., 2017). However, the question remains whether these
technological solutions can outperform traditional methods
in improving shooting performance in handball, particularly
for adolescent athletes.

This study posits that the implementation of a website-
based training model can support and enhance the handball
shooting skills of athletes aged 15-17 years when integrated
with coach guidance. The hypothesis centers on the idea
that a web-based system, which offers individualized
training programs, real-time feedback, and contextualized
practice scenarios, will serve as a supportive mechanism
to enhance coach-led instruction, improving athlete
engagement and shooting accuracy. The focus of the study
is to develop, validate, and test this model in a real-world

setting, using both a control group (traditional training)
and an experimental group (coach-supervised, web-based
training). By addressing the existing gap in the literature
regarding the integration of technology into handball
training, this research aims to contribute valuable insights
into how digital tools can be used to improve skill acquisition
in young athletes.

Theimportance ofthis studyliesinits potential to address
severallimitationsinherentintraditional trainingapproaches.
First, traditional methods often fail to individualize training
programs to account for variations in athlete maturity,
playing position, and physical characteristics (Akinci & Ates,
2023; Havolli et al., 2020). In contrast, web-based systems
can provide personalized feedback based on objective
data, which can be adjusted for factors such as the athlete’s
age, size, and strength (Geng¢oglu & Giimiis, 2020; Zhang
et al,, 2025), hereby assisting coaches in tailoring training
intensity and focus. Additionally, while repetitive drills are
effective in the short term, they tend to lack the variability
and decision-making challenges present in actual match play
(Apidogo et al., 2023). Web-based platforms can simulate
such match conditions, allowing athletes, under coach
direction, to practice under more realistic constraints, such
as shooting under pressure or making quick decisions based
on opponent movements (Sahli et al., 2024; Schrapf et al,,
2017). Finally, the integration of strength and power training
with shooting practice is often neglected in conventional
methods, but web-based platforms can incorporate strength
assessments and drills that complement shooting practice,
thereby promoting more holistic development of the athlete’s
skills in coordination with the coach’s program (Abod &
AlHaddad, 2022; Dahl & Tillaar, 2021).

While web-based training systems have shown promise
in other sports, there is limited research on their specific
application to handball. Therefore, the research aims to fill
this gap by developing and testing a website-based shooting
model tailored to adolescent handball players that operates
as an adjunct to conventional training. This study will focus
on the practical application of web-based tools, investigating
their feasibility and supportive contribution in a real-world
training context. Through a carefully designed research
methodology, including pre-tests and post-tests, expert
validation, and iterative testing phases, the study will provide
comprehensive insights into the potential benefits of digital
training tools for handball shooting. It is expected that the
findings will contribute to the growing body of knowledge
on digital sports training, highlighting the advantages of
integrating web-based tools with traditional, coach-guided
programs.

The primary goal of this study is to explore whether
a web-based training model can offer a supportive and
engaging complement to traditional handball shooting
training for adolescent athletes. The novelty of this research
lies in the use of a web-based platform to deliver personalized
training, monitor progress, and provide contextualized
practice opportunities, working alongside coaches to
enhance learning outcomes. The study also aims to assess
the broader applicability of such digital training models,
with the potential for their implementation in other sports
or training settings. By providing evidence on the supportive
function of web-based systems in improving shooting
skills, this research could inform future practices in sports
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training, particularly for young athletes. Ultimately, the goal
is to enhance the quality of training, improve performance,
and make training more accessible and engaging for athletes
at all levels through collaboration between technology and
coaching.

Materials and Methods

This research employs a Research and Development
(R&D) design, specifically using the Borg & Gall model,
which is well-suited for creating and validating applied
training interventions in sports. The R&D design follows a
structured, iterative process that includes several stages, such
as problem identification, design and prototyping, validation,
testing, and final implementation. This methodology is
particularly relevant for developing and testing a coach-
assisted, website-based training model for handball shooting
skills targeted at athletes aged 15-17. In this section, we
describe the steps involved in the design, development, and
testing of the model, as well as the methods used for data
collection, fidelity assessment, and analysis.

Research Design

The first phase of the research focused on identifying
the need for an engaging and supportive training model
to improve shooting skills in young handball athletes.
Existing training methods were found to be inadequate
in addressing the needs of athletes aged 15-17, especially
regarding engagement and skill variability. This gap
informed the creation of a website-based platform designed
to complement, not replace, coach-led instruction. The
research team gathered insights from athletes, coaches, and
stakeholders through surveys, interviews, and observations
to identify training challenges and expectations (Koziet et al.,
2024). In the design phase, the team incorporated domain
knowledge, including biomechanics, strength, power,
and perceptual skills, into the training model, guided by
pedagogical frameworks such as the tactical-game approach
and representative learning design (Juliantine & Setiawan,
2022). The prototype was validated by nine experts, ensuring
its technical and pedagogical soundness (Zhao & Lu, 2024).
After revisions, the model was tested with 40 participants
(20 in the coach-supervised web-based group and 20 in the
control group), focusing on how digital support enhanced
the existing coaching process.

Research Site and Duration

The research was conducted in DKI Jakarta province,
targeting handball athletes aged 15-17 who were actively
participating in school teams and handball clubs. This
geographic focus ensured diversity in training environments
and coaching styles. The study lasted for 12 weeks, with the
intervention phase running for eight consecutive weeks.
Initially, a pilot trial was conducted to refine the web
interface, followed by a full implementation phase. Each
training session was delivered under the supervision of
certified handball coaches (minimum 5 years’ experience,
Level II coaching license). This multi-phase approach
ensured comprehensive data collection and consistency of
implementation.

Participants and Sampling Methodology

The participants were 40 handball athletes aged
15-17 years, selected using purposive sampling to ensure
uniformity in skill and age criteria. The experimental group
(n = 20) participated in the coach-mediated, website-based
training, while the control group (n = 20) continued with
conventional sessions. Coaches maintained weekly digital
logs and session checklists to ensure fidelity to the training
protocol. Participants were drawn from multiple schools
and clubs within DKI Jakarta, ensuring variation in playing
experience and minimizing sampling bias.

Data Collection Methods

Various data collection methods were utilized to evalu-
ate the supportive impact of the coach-mediated, web-based
model. A standardized shooting accuracy test was adminis-
tered, where each participant took five shots, and accuracy
scores were compared between pre-test and post-test results
(Dahl & Tillaar, 2021). Surveys and semi-structured inter-
views were conducted with both athletes and coaches to cap-
ture perceptions of usability, engagement, and coach-athlete
interaction. Observations focused on the fidelity of training
delivery, including how consistently coaches followed the
online modules and how athletes responded to feedback.
All training sessions were documented through a digital
logbook integrated into the platform. This mixed-methods
design provided both quantitative outcomes and qualitative
insights (Apidogo et al., 2023). Table 1 presents the interven-
tion description based on the TIDieR framework.

Data Analysis

Data from the accuracy tests, surveys, interviews,
and observations were analyzed using both qualitative
and quantitative approaches. Open-ended responses
were thematically analyzed to capture athlete and coach
experiences. Quantitatively, N-Gain analysis measured
improvement in shooting accuracy between pre- and post-
tests. Independent sample t-tests (p < .001) and Cohen’s d
effect sizes (with 95% confidence intervals) were computed
to assess magnitude and precision of differences (Gengoglu
& Giimiis, 2020; Iacono et al., 2021) The analysis emphasized
the supportive contribution of the web-based training in
enhancing coaching effectiveness and athlete engagement.

Results

The study compared the outcomes of a coach-supervised,
web-based training model and traditional methods in
improving handball shooting skills among athletes aged 15—
17. The experimental group showed improvement (M_pre =
8.90,SD =2.22; M_post =15.90, SD =1.82;95% CI [6.2, 8.4],
p < .001, Cohens d = 1.55). In contrast, the control group
showed smaller gains (M_pre = 7.05, SD = 3.07; M_post
=10.15, SD = 3.07; 95% CI [2.4, 3.5], p < .001, Cohen’s d =
0.62). These findings highlight that the web-based model
effectively supported the coaching process and provided
more consistent improvement across athletes.

The pre-test and post-test results for both groups are
summarized in Table 2.
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Table 1. Intervention Description (TIDieR Framework)

TIDieR Item Description of the Intervention

1. Brief Name Website-Based Handball Shooting Skills Training Model

2. Why (Rationale) Designed to enhance engagement, feedback, and flexibility in handball shooting practice
through digital support, complementing coach-led instruction.

3. What (Materials) The website-based platform included instructional videos, interactive quizzes, real-time
feedback modules, and a coach dashboard for monitoring athlete progress.

4. 'Who Provided Certified handball coaches (Level II certification, =5 years of experience) supervised both
in-person and online components of the program.

5. How (Mode of Delivery) Delivered via an interactive website accessible on both desktop and mobile devices. Sessions
integrated video-based demonstrations, digital assignments, and immediate performance
feedback.

6. Where (Setting) Conducted across selected handball clubs and school training facilities in DKI Jakarta

Province, Indonesia. Athletes performed digital modules at home or in computer labs, and
on-site sessions on the training field.

7. When and How Much The intervention ran for 8 consecutive weeks with 3 sessions per week. Each session lasted
60 minutes (30 minutes field practice + 30 minutes digital module).

8. Tailoring (Personalization) Individual training load, drill difficulty, and feedback content were adjusted based on
baseline shooting test results and weekly progress analytics.

9. Fidelity (Adherence and Monitoring) Fidelity was tracked using digital session logs, attendance records, and weekly supervision
checklists completed by coaches. System-generated data were reviewed to ensure consistency
in delivery.

10. Modifications (Adaptations) After the pilot phase, interface navigation and visual clarity were refined based on user
feedback. Content sequencing and feedback prompts were adjusted to improve usability.

11. Planned Assessment of Adherence System analytics automatically recorded athlete engagement and completion rates. Coaches
conducted regular check-ins and qualitative feedback sessions to ensure adherence.

12. Actual Implementation The model was fully implemented with 40 athletes divided into experimental and control
groups. Coaches followed structured lesson plans and logged session outcomes through the
platform.

Table 2. Summarizes the pre-test and post-test results

Pre-test Pre-test  Pre-test Pre-test Post-test Post-test Post-test Post-test
Group .. . Standard .. . Standard
Minimum Maximum Average . .. Minimum Maximum Average . .
Deviation Deviation
Experimental 5 13 8.90 2.2219 13 19 15.90 1.8160
Control 2 4 7.05 3.0689 12 16 10.15 3.0655

N-Gain analysis was used to assess improvement. For

19} X Experimental Group X XX the experimental group, the N-Gain was 63.90% (95% CI
ontrol Group . . . .
[58.7, 69.1]), categorized as “sufficiently effective,” showing
18} S
171 X X Test
20.0 B Pre-test
g Post-test
S 161 X X 17.5
2}
§ 15.0
£ 15 X X X X
I 12.5
<4
141 X X X & 100
13 X X 75
5.0
12 X X
: : . - - - 25
2 4 6 8 10 12
Pre-test Scores

Experimental Control
Group

Fig. 1. Pre-Test vs Post-Test Score: Experimental vs Control

Group Fig. 2. Distribution of Pre-Test and Post-Test Score
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consistent progress under coach supervision. In contrast,
the control group had an N-Gain of 24.62% (95% CI [20.3,
29.0]). Effect size analysis confirmed large improvement
(Cohen’s d = 1.55) for the experimental group, compared
with a medium effect (d = 0.62) for the control group. This
suggests that the web-based model acted as a valuable
adjunct to conventional training.
Table 3 presents the N-Gain results for both groups.

Table 3. Presents the N-Gain results

Mean N-Gain
Group (%) SE SD
Experimental 63.90 3.28873 14.70765
Control 24.62 2.92635 13.08703

Normality and homogeneity tests were performed
to ensure the data met the assumptions for parametric
analysis. The normality test using Kolmogorov-Smirnov
and Shapiro-Wilk tests showed that both the experimental
and control groups’ data were normally distributed, as the
significance values were greater than 0.05, allowing for the
use of parametric tests like the t-test. The homogeneity
test indicated that the variances between the two groups
were equal, with a significance value of 0.672 (greater
than 0.05), confirming that an independent sample t-test
could be used. The independent sample t-test revealed a
significant difference between the experimental and control
groups (t(38) = 6.42, p < .001), confirming that the coach-
assisted, web-based model supported significantly greater
improvement in shooting skills. The experimental group
demonstrated higher improvement with less score variation
and a higher N-Gain, confirming the model’s supportive role
in promoting consistent skill acquisition.

Discussion

The results indicated that the experimental group, which
used the website-based model, experienced a significantly
higher improvement in shooting skills than the control group
that employed conventional methods. Consistent with this,
the coach-supervised platform showed large improvements
(e.g., p < .001; large effect sizes reported in Results),
indicating a supportive contribution of the website to coach-
led practice rather than a replacement. The findings reflect
the growing potential of integrating technology into sports
training, especially for youth athletes who are in the critical
stages of skill development. Nevertheless, we interpret these
gains within a blended-learning frame in which coaching
remains central. However, while the digital model provided
notable advantages, several challenges must be addressed for
broader adoption and effectiveness.

Effectiveness of the Website-Based Model

The significant improvement observed in the
experimental group, with a mean N-Gain of 63.90%, together
with large standardized effects (e.g., Cohen’s d reported in
Results) and p < .001, aligns with findings that technology-
enhanced training can benefit performance when integrated
with coaching (Gen¢oglu & Giimiis, 2020; Zhao & Lu,
2024). The N-Gain value of 63.90% in the experimental

group is a strong indicator of enhanced training consistency
under coach mediation, as it shows that athletes improved
at a higher rate than those in the control group (24.62%).
Accordingly, we interpret the website as a complementary
tool that supports coach-led instruction rather than a
superior stand-alone alternative.

A possible explanation for the observed improvement
is the platform’s flexible, on-demand modules that extend
coach-led practice, enabling athletes to train outside
scheduled sessions (Iannacconeetal.,2020; Zhao & Lu, 2024).
The ability to review instructional media repeatedly supports
skill retention (Juliantine & Setiawan, 2022; Sha'lan, 2022).
This flexibility enhances the learning experience, particularly
for young athletes with fixed schedules. Importantly, the
website structured homework and feedback loops, which
may have increased adherence and practice volume under
coach oversight (Gengoglu & Giimiis, 2020). Furthermore,
the website-based model’s design, which includes interactive
elements and real-time feedback, likely contributed to the
higher engagement observed. Traditional drills can be
monotonous and reduce adherence (Apidogo et al., 2023;
Foreti¢ et al., 2022). In contrast, the platform’s interactive
tasks—paired with coach feedback—appeared to sustain
motivation and reinforce correct technique execution.

Challenges in Implementation and Athlete Resistance

While the model was effective, some athletes were
reluctant to shift parts of training to a technology-mediated
format, being accustomed to the hands-on nature of coach-
led practice (Zhao & Lu, 2024). This reluctance is reported
elsewhere, where athletes prefer familiar, social in-person
contexts (Apanasenko & Tyshchenko, 2024; Madruga-Parera
et al., 2025). In this study, hesitancy reduced as coaches
actively mediated platform use and clarified expectations,
highlighting the importance of change management.
However, this resistance does not undermine the observed
gains. Instead, it suggests that the best approach is blended
delivery, where digital modules extend and structure coach-
led sessions (Juliantine & Setiawan, 2022) Prior work indicates
that combining digital tools with face-to-face coaching yields
a more holistic experience (Gengoglu & Giimiis, 2020). Our
fidelity procedures (coach supervision and session logs)
likely supported smoother adoption. Moreover, resistance
can be reduced by emphasizing personalization, progressive
loading, and clear coach feedback loops. Virtual check-ins
and coach dashboards can further increase engagement
and accountability, consistent with guidance to keep tools
accessible and aligned with athlete needs (Akbar et al., 2024;
Schrapf et al., 2017).

Technical Barriers and Accessibility Issues

Another significant challenge was the need for stable
connectivity and adequate devices. In settings with limited
resources, these requirements may hinder use, creating
inequities in access to structured practice (Zhao & Lu,
2024). This is particularly relevant for athletes in developing
regions or lower-SES contexts. To address this challenge,
offline-capable modules, low-data video, and downloadable
practice packs can improve reach (Benesova & Drozdova,
2024; Nadhem et al., 2020). Partnerships for loaner devices
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and club-based access points may help bridge gaps (Gengoglu
& Giimiis, 2020). Expert validation supported feasibility;
subsequent UI and interactivity refinements during R&D
iterations improved usability (Zhao & Lu, 2024).

The model’s successful validation supports its potential for
broader application. However, further development is needed
to improve scalability, contextual adaptation, and integration
with club workflows. Expanding to additional handball skills
(e.g., passing, defending) and embedding load-management/
injury-risk features would align performance gains with ath-
lete safety (Gkagkanas et al., 2023). While the findings are
promising, future work should include longitudinal follow-
up on match-level outcomes, testing in other sports and age
bands, and experiments that vary the intensity of coach me-
diation to identify optimal blends of digital and in-person de-
livery. Process evaluations (e.g., fidelity/adherence) and cost-
effectiveness analyses would further inform scale-up.

Conclusions

This study evaluated a coach-assisted, website-based
training model for handball shooting in athletes aged 15-
17. The experimental group showed greater improvements
(e.g., N-Gain = 63.90%; Results report p < .001 and large
effect sizes) when the platform was integrated with coach
supervision, compared to the control group (24.62%). The
model’s flexibility supported structured at-home practice and
feedback loops, which may enhance learning. Interpreting
these findings within a blended-learning framework, we
position the website as a supportive adjunct to coach-led
training, not a replacement. Remaining challenges include
athlete adoption and equitable technology access. Future
work should refine offline capability, examine long-term and
match-level outcomes, and test scalability across contexts
and sports. This study contributes to evidence on digital
tools that augment coaching in youth sport.
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MNoKpalieHHA HaBNYOK BUKOHaHHA KUAKIB Yy raHa6oni:
EdeKTUBHICTb BUKOPUCTAaHHA MoAeni TpeHYBaHHA
Ha OCHOBi Be6-TeXHONOri ANA IOHNX CNOPTCMEHIB

Myxamap Apid'48<PE, Cramer Cykpiagi**5cP,

Hiki PeBa Anpiana Canra JIBi**®“P, Tinanr Pamagan*ABCP

'Nep>xaBHmit yHiBepcuteT JI>KakapTu
*[lep>kaBHui1 yHiBepcuTeT [I)KakapTu
*YuiBepcurer Myxammazis Kyninran
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ABTOpPCBHKMIT BKTAJ;: A — am3aits gocnipkenHs; B — 36ip ganux; C - crarananis; D - migroroska pykomnucy; E — 36ip komtis

Pedepar. Crartst: 8 c., 3 Tabm., 2 puc., 31 mxepero.

Merta pocmifykeHHA. MeTa IIbOro NOCII)KeHHA T0JIArajna y BUBYE€HHI PO3BUTKY Ta JIOIIOMDKHOI po/li Mofieli TpeHyBaHH:A
Ha OCHOBi BeO-TeXHOJIOTIII, PO3pO0IEHOI /Il JOIOBHEHHS TPEHEPChKIX BKA3iBOK Ta IIOJIIIIEHHS! HABUYOK BUKOHAHHS KIMIKIB
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y raHpboi cepey cioprcMeHiB Bikom 15-17 pokiB. TpaguuiiiHi MeTOAN TpeHYBaHb MAIOTh OOMEXEHHs IIOA0 3aTy4eHOCTI Ta
HOCTiIOBHOCTI 3aHATD, AKi BUKOPMCTAHHA MOJe/i Ha OCHOBI BeO-TeXHOJIOTI CIPsAMOBAHO MiHIMi3yBaTy IIIAXOM HiBMIIEHHSA
B3aeMOii MK CIIOpTCMeHaMH Ta TpeHepaMmi i1 3abe3edeHHs JOCTYITHOCT.

Marepianu Ta MeTomu. Y [OCII/PKEHH] 3aCTOCOBAHO METOJ, HAyKOBO-JOCTIAHUX Ta TOCIIHO-KOHCTPYKTOPCHKIUX pOoOiT 3a
Mopenmo bopra i lamma i3 mpeTecToBuM Ta MoCcTTecTOBMM Am3aitHoM. EkcriepmMenTanpHa rpyma (n = 20) min KepiBHUIITBOM
TpeHepa BUKOPUCTOBYBaIa MOJIe/Ib Ha OCHOBI BeO-TeXHOJIOTI, TOA1 sIK KOHTPO/IbHA rpyma (n = 20) foTpuMyBanacs TPagULiiiHIX
METO/IiB TPEHYBAHHS. 36ip maHMX 37iIICHIOBABCS 32 JIOIIOMOIOI0 TECTIB HA TOYHICTh BUKOHAHHS KIJKIB, ONNUTYBaHb, iHTepB’10 Ta
CIIOCTEPEXKEHbD.

PesynpraTu. Pesynbraty moxasamm, 10 €KCIepyMeHTa/IbHa TPyIa MPOJAEMOHCTPyBasla CyTTEBIIE MOINIIEHH TTOKa3HIKIB
y TOYHOCTI BUKOHAHHS KUJKIB, 3 HopMaisoBauuM npupicrom (N-Gain) 63.90% (95% [I [58.7, 69.1]; p < .001), mopiBHIo04n 3
N-Gain 24.62% (95% I [20.3, 29.0]) y KoHTpoObHiit rpyIi. BcTaHOB/IEHO, 110 MOJIE/b Ha OCHOBI BeO-TEXHOIOriT MATPUMYE Ta
edexTUBHO crpusie cTaHAApTHU3ALl IOIIIIeHb, 3a0e3IIeYy0uy THyYKe iHTepaKTUBHe HaBYaHH 32 IOIOMOroko TpeHepa. OgHaK
BU3HAYEHO IIPOOJIeMHI IMTaHHA, AK-OT OIip CHOPTCMEHIB 3aCTOCYBaHHIO HOBUX METOJIB Ta TPYAHOLLI i3 JOCTYIIOM JI0 TEXHOJIOTIIA.

BucHoBku. JJOCTifKeHHS MiIKPeCIoe noTeHLian [udpoBMUX IHCTPYMEHTIB Y CIIOPTUBHOMY TPeHYBaHHi, HArOJIOLIYIOYN Ha
HeoOXiZHOCTI KOMOIHOBaHOTO BIIPOBA/KEHHA 3 TPAAULIITHIM TPeHepChKIM IIIXO0M Ta HOCTIITHOTO PO3BUTKY /I PO3B’ A3aHHA
po6/IeM TeXHIYHOro XapakTepy Ta focTynHocTi. HeoOXifHO mpoBecTy IOfaIblili JOCTIPKEHHS 3 METOI0 BUBYEHHS JOBIOCTPO-
KOBOI iHTerpailii, MacIITabOBaHOCTI Ta TPEHEPCHKO-OIOCEPEKOBAHOIO BIIPOBA/KEHHA 1ji€l MOJie/li TPeHyBaHb y Pi3HUX BUJAX
CIIOPTY Ta BiKOBMX IpyIax.

Knro4oBi croBa: TpeHyBaHHs Ha OCHOBI BeO-TeXHOJOTIi, HABMYKM BUKOHAHHA KMAKIB y raHHOO0/, TPEHYBaHH:A MOJOAL ¥
criopTi, 1MpoBi HaBYANIbHI iIHCTPYMEHTH, OMIIIIEHHA CIIOPTUBHOI Pe3yIbTaTUBHOCTI.
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Abstract

Background. The development of coordination during childhood, particularly between the ages of 11 and 12, plays

a critical role in overall well-being and long-term physical development. Big ball games have been recognized as an
effective medium to improve coordination. However, these games often emphasize basic technical skills, with limited
scientific evidence exploring whether gender moderates the effect of big ball games on coordination outcomes.
Objectives. This study’s primary objective was to evaluate the impact of big ball games on coordination development
in 11-12-year-old students, with consideration of gender differences.

Materials and Methods. A quasi-experimental research design with a pretest—posttest approach was employed.
Participants included 40 students: 20 male students (age: 11.5 + 0.3 years; height: 148.9 + 3.0 cm; weight: 44.6 +

2.5 kg), and 20 female students (age: 11.4 + 0.2 years; height: 145.7 + 1.3 cm; weight: 40.0 + 1.1 kg). Samples with
known initial pretest scores were divided using ordinal pairing with the A-B-B-A formula and then grouped into

the experimental group (EG) and the control group (CG). The intervention consisted of five big ball game models
delivered over six weeks (18 sessions), with three sessions per week held from 7:00 to 9:00 AM. Intensity monitoring
for this game was 65% - 75% or rating of perceived exertion (RPE) at level 12 - 14 (moderate). Coordination was
assessed using the Alternate Hand Wall Toss Test (AHWT), a validated tool for evaluating hand-eye coordination.
Data were analyzed using MANOVA via SPSS version 26.

Results. MANOVA analysis showed a significant effect between gender (p < 0.05) and EG (p < 0.05) on coordination.
Meanwhile, interaction between the two did not determine a substantial effect multivariately (p > 0.05). The results of
the Univariate Test revealed that gender had a significant influence on the improvement of coordination (F = 85.652,
p <0.001, n, = 0.704), which shows that 70.4% of the variation in coordination enhancement is explained by gender
differences. Subsequently, based on the treatment (EG and CG) on student coordination (F = 147.366, p < 0.001, r]zp
=0.804), it was demonstrated that 80.4% of the variation in coordination is explained by differences in treatment.
Between-Subjects Effect Test indicated that in pretest stage there was no difference in coordination between EG and
CG (p = 0.600), while in posttest stage there was a significant difference (p = 0.000). In addition, a marked interaction
was found between gender and group in posttest stage (p = 0.048).

Conclusions. The structured, engaging, and consistent application of big ball games significantly enhances
coordination in children aged 11-12 years, with pronounced effects in the experimental groups. These findings
underscore the influence of physiological and psychological factors on coordination development, highlighting
gender-based differences in responsiveness to physical activity interventions. Therefore, physical education programs
should adopt inclusive game-based approaches that consider gender-specific needs to maximize coordination
development in all students.

Keywords: children’s games, children’s motor coordination, big ball games, 11-12-year-old children.
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Introduction

Coordination is a physical component that needs
to be developed for children aged 11-12 years. In this
age range, children’s motor coordination undergoes
essential developments that will affect their physical and
cognitive abilities in the future (Cakit et al., 2022). Good
coordination is vital for a variety of daily activities and is
critical in academic, social, and sports activities (Tanineh &
Halaweh, 2023). Understanding the factors that can improve
coordination at this age is key to helping them reach their
full potential in various aspects of life.

Factors that affect coordination in children aged 11-
12 years, based on the results of previous research studies,
include physical growth, specifically anthropometry, which
is often unbalanced, the development of gross and fine
motor skills, and genetic factors, all of which affect children’s
motor skills (Sabau et al., 2023; Putro et al., 2025). Prior
physical experience and environmental support, including
regular opportunities to participate in physical activities
such as sports clubs or extracurricular sports at school, also
play an essential role (Sobko et al., 2021; Yin et al., 2023).
Good coordination at this age provides broad benefits,
ranging from increasing efficiency and safety in physical
activities to developing academic skills such as writing,
enhancing social interaction, and improving children’s self-
confidence (Aguayo et al., 2022). Therefore, understanding
and supporting the development of coordination at an early
age can significantly impact a child’s overall well-being and
future growth.

Some methods to improve coordination in one child
include playing games that involve a ball (Ramli et al., 2023;
Hikmawati et al., 2023). To date, no study has examined the
coordination in children during big ball games, particularly
at the age of 11-12 years. Big ball games can utilize vari-
ous sports, such as football, basketball, and volleyball (Dewi,
2023). Based on the results of previous studies, basketball
games can affect physical ability and fitness, particularly in
terms of coordination among elementary school children
(Mitova et al., 2022; GliSovi¢, 2022). Then, basic technique
training methods in soccer and basic techniques in volley-
ball can affect coordination movements at the ages of 10-15
years (Marchenko & Dykhanova, 2019; Mikail & Suharjana,
2019). However, the study’s results indicate that the method
employed utilizes only one type of game, featuring a big ball,
and is tailored specifically to the basic techniques of the sport.

However, a problem that has not been extensively
studied is the extent to which gender influences the impact
of big ball games on motor coordination in children aged
11-12 years. Previous studies have often overlooked this
gender dimension, even though physical and psychological
differences between male and female at this age can
significantly impact the results obtained from certain types
of physical training. Thus, this study will build upon the
results of previous studies to analyze and discuss details
related to gender. According to the results of previous
studies, traditional games and circuit games are effective in
reducing manipulative movements in children aged 9-12
years, regardless of gender (Santoso et al., 2024; Kuspratiwi
et al., 2025). Therefore, it is important to examine more
deeply how gender can moderate the effectiveness of big ball
games in developing coordination.

The purpose of this study is to investigate the impact of
big ball games on the coordination of students aged 11-12
years, taking into account gender variables. This study aims
to provide scientific evidence that physical educators can use
in designing more efficient and effective exercise programs
tailored to specific gender needs. Thus, the results of this
study are expected to contribute to the physical education
literature and enhance the quality of teaching coordination
and physical activity in children, thereby benefiting them
not only in physical activity but also in other aspects of
learning and social interaction.

Materials and Methods

Study Participants

The population of this study consisted of elementary
schools in the city of Yogyakarta, Indonesia. The elementary
schools involved were Sorobayan Elementary School and
Bantul Timur Elementary School, all of which had 5th and
6th-grade students aged 11-12 years. Selection of samples
was offered voluntarily to students, provided that they
were physically and mentally healthy, not experiencing
any illness or injury and were willing to attend at least
80% of the intervention sessions. The ethical aspects of the
study were fully adhered to. This research was approved
by the institutional ethics committee (B/1468/UN34.16/
PT.01.02/2025), and written informed consent was obtained
from the school principals, physical education teachers,
and the parents/guardians of all participants. Before giving
consent, all participants and their parents/guardians were
provided with complete information regarding the study’s
objectives, procedures, potential risks, and participant
rights, including the right to withdraw at any time.

So that the number of students willing to be a sample
is 40 students (20 male and 20 female students), with 20
students per school. The characteristics of the students in
the male group (mean+SD) are as follows: age, 11.5+0.3
years; height, 148.9+3.0 cm; and body weight, 44.6+2.5
kg, and in 20 female students, aged 11.4+0.2 years, with a
height of 145.7£1.3 centimeters and a body weight of 40+1.1
kilograms. Then, the 40 students were divided into four
groups: 1) 10 male students in the experimental group, 2)
10 female students in the experimental group, 3) 10 male
students in the control group, and 4) 10 female students in
the control group.

Study Organization

This study employed a quasi-experimental design with
a pretest—posttest approach. The research flow, designed for
clarity and ease of understanding, is illustrated in detail in
Figure 1.

The study was conducted in seven stages. The first
stage involved a document analysis based on previous
research findings, using keywords such as big ball games,
coordination, and children aged 11-12 years, to identify
the research problem and establish novelty in this field.
The second stage consisted of observing elementary school
students during physical education classes, with the approval
of the school principal. This observation was followed by
tracking the learning process, particularly among 5th-
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and 6th-grade students aged 11-12 years. The third stage
included the preparation of a big ball game program and
its validation to ensure the program’s feasibility for training
students.

The fourth stage involved the collection of baseline
data through a pretest using the Alternative Hand Wall Toss
Test (AHWT) with the 40 student participants. Once the
pretest results were obtained, the experimental group (EG)
and control group (CG) were determined using the ordinal
pairing technique A-B-B-A, as shown in Figure 1 (Rusli et
al., 2024). This counterbalancing method aimed to ensure
balanced distribution of students’ initial characteristics across
experimental and control groups, as well as across genders.
The process was carried out by ranking students’ pretest
scores from highest to lowest, then sequentially assigning
them to groups as follows: the first-ranked student entered
Group A (experimental), the second-ranked student entered
Group B (control), the third-ranked student entered Group
B (control), and the fourth-ranked student entered Group A
(experimental), and so on until all students were distributed.
This method ensured that both groups (experimental and
control) included students with both high and low levels of
coordination, for both male and female students.

The fifth stage consisted of the intervention, delivered
over six weeks with three sessions per week, totaling 18
sessions. During this period, the experimental group
received interventions using five validated big ball game
models designed to enhance coordination, while the control
group engaged in free play activities that did not specifically
target coordination. The sixth stage involved the collection
of post-intervention data through a posttest using the
AHWT, administered after the students had completed the
intervention. The seventh stage encompassed data analysis,
reporting of findings, and revision of the article until it was
ready for publication.

The research instrument adapted a coordination test,
namely the Alternative Hand Wall Toss Test (AHWT),
which has been proven reliable and valid for evaluating the
coordination skills of students aged 11-12 years (Cho et al.,

2020; Cakit et al., 2022). AHWT is performed by throwing
the ball towards a wall that is 2-meter away, with a minimum
height of 2-meter using 1 hand and catching it using 2 hands
for 30 seconds. The equipment consists of tennis balls, duct
tape, wall with a flat surface, whistle, stopwatch, forms and
stationery. The implementation procedure is as follows: 1)
students with the ball in their hands stand on the throwing
boundary line at a distance of 2-meter from the wall, 2)
students throw (over head pass) the ball to the wall using
1 hand when the whistle sounds, the target of the throw is
as high as the boundary that has been made, 3) students
then catch it using 2 hands, 4) students do the test for 30
seconds, and the end is marked by the sound of the whistle.
AHWT examiners during pretest and posttest were assessed
directly by research team, not by the physical education
teacher from the student’s school, this aim was to maintain
the transparency of test results.

Big Ball Games Program

This game program was developed based on the
results of previous research studies (Hikmawati et al., 2023;
Mikalonyté et al., 2022). Then the researchers developed it
again with the aim of producing an original game model. For
this game program to run effectively, specific equipment was
required. The equipment consisted of: 1) a ball, 2) a cone, 3)
ajump square, 4) a mini-goal, 5) a basket or basketball hoop,
6) a marking line, 7) a whistle, 8) a mini-goal. In addition to
some supporting equipment, such as health box components
for first aid in case of accidents, stationery, chalk, and a
stopwatch. After the equipment was prepared, the following
game models were available, each representing one of the
five models.

The first game started by dividing students into three
groups. Each group marched against the other. The first
student from Group 1 performed an overhead pass to the
first student from Group 2. After throwing the ball, the
student ran and moved to Group 2. Next, the first student
from Group 2 performed a bounce pass with one hand to the
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first student from Group 3, then ran and moved to the Group
3 area. Next, the first student from Group 3 performed a
two-handed bounce pass to the leading student in Group
1, then moved to join Group 1. This exercise pattern was
carried out alternately and continuously until the teacher felt
that training was enough.

The second game involved students running while
carrying the ball, then jumping over the jump plots that
the teacher had prepared. After successfully passing the
jump plot, students continued to run and jump over the safe
goal, then stopped at the designated place. Next, the student
attempted to put the ball into the provided basket. If it failed,
the experiment was repeated until the ball successfully
entered the basket. After that, the students ran back to the
line and continued with the next student in line. To make the
game more interesting and challenging, it could be played in
the form of competitions between groups.

The third game began by dividing the students into
two large groups that faced each other at a distance of
approximately two meters. Each member of one of the
groups held a ball. The teacher then gave two codes: the
correct code and the wrong code. If the teacher provided the
wrong code, the student must follow the opposite instruction.
Students were asked to follow the teacher’s instructions, such
as jumping forward or throwing a ball, as indicated by the
provided code. This game trains concentration, reaction
speed, and coordination between body movements, as well
as understanding instructions.

The fourth game began by dividing students into three
large groups. Each student in the group ran a zig-zag through
the obstacles that the teacher had compiled while carrying
the ball. After completing the zig-zag trajectory, students
quickly ran to the provided cone, circled it, and then ran back
to the predetermined line, which was approximately two me-
ters from the colleague lined up behind them. After arriving
at the line, the student threw the ball to his partner in the line,
who then performed the same sequence of activities. This
game was played until all students had a turn, and it could
be made into a competition to increase students’ enthusiasm.

The Fifth Game was conducted by dividing the students
into three large groups. The first person from each group
ran towards the cone, then circled the cone, and continued
running until the limit set by the teacher. After that, the
student must put the ball into the goal by kicking it; if it
fails, the experiment is repeated until it succeeds. After
succeeding, the student retrieved the ball that had been
kicked and returned it to its original place, then ran to clap
the next friend’s hand as a turn signal. This game was played
in turns, allowing all group members to participate.

This game program was held over six weeks, consisting
of 18 meetings, with three sessions every week on Mondays,
Wednesdays, and Fridays. Student attendance is monitored
directly at the beginning and end of each meeting. The
implementation time was from 7:00 am to 9:00 am, with
1 hour allocated for play and 1 hour used for warm-up,
cooling, and evaluation at the end of the meeting. The
implementation of the game in one meeting involved two
models that will alternate in each subsequent meeting. The
time allocated for each game model is 25 minutes, with a
10-minute rest between games.

The intensity of each session was set between 65% -
75% to ensure students enjoyed their time and fitness, while

avoiding stress and fatigue. Heart rate intensity monitoring,
based on the rating of perceived exertion (RPE) with a
moderate target (12-14) (Chowdhury et al., 2019). This
monitoring was recorded every 10-15 minutes during
the main training session during a major ball game and
summarized per session. Progression rules for each model
of the big ball game included adding targets, widening the
distance, or increasing the number of participants. However,
these progression rules adhered to maximum and minimum
intensity limits. Close supervision by the research team and
each physical education teacher was also implemented to
avoid accidents and minimize conflicts during play.

Validity of the Big Ball Games Program
and Coordination Test

The Big Ball Games program and the coordination
test using the Alternative Hand Wall Toss Test (AHWT)
required validation to ensure their feasibility, credibility, and
ability to produce reliable and significant research findings.
The validation of both the program and the test instrument
was calculated using Aiken’s V formula (Aiken, 1985):

V Aiken’s:

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

The validation process involved six physical education
teachers from the participating elementary schools. A
4-point rating scale was applied, and five assessment
statements were evaluated based on a literature review and
the research context. The validation results are presented in
Table 1.

Table 1. Validation results of training programs and
coordination instrument

Assessment aspects 3S n(c-1) AikenV

Big Ball Games Program
1 Game models using big balls 15 0.833
2 Funand varied game models 17 0.944
3 Safe game models 15 18 0.833
4 Easy-to-understand game procedures 16 0.889
5  Systematic and measurable game 15 0.833
programs (training dosages)
Alternative Hand Wall Toss Tes (AHWT)
1  Capable of measuring coordination 17 0.944
skills
2 Suitability of coordination tests for 15 0.833
children aged 11-12 years 18
Produces objective test scores 16 0.889
4 Adequate test security 15 0.833
Easy-to-understand test procedures 15 0.833

Based on Table 1, the validation results of the Big Ball
Games program across all aspects, use of big balls, fun and
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varied models, safety, ease of understanding, and systematic
structure with measurable dosage, showed Aiken’s V values
greater than 0.8. Similarly, the AHWT validation also
showed Aiken’s V > 0.8 for all assessed aspects, including
measurement of coordination skills, suitability for children
aged 11-12 years, objectivity of test scores, safety, and
procedural clarity. Therefore, with all Aiken’s V values
exceeding 0.8, the program and test instrument can be
considered to have a high level of validity and are deemed
appropriate for use in children aged 11-12 years (Wedi et al.,
2024; Putro et al., 2025).

Statistical Analysis

Analysis of this research, the first stage carried out was
to display descriptive statistics to analyze the pretest-posttest
values in each group. The second stage involved a normality
test to analyze whether the data had a normal distribution,
with a significance value of p > 0.05. Then, the third stage
involved hypothesis testing using MANOVA (Multivariate
Analysis of Variance). MANOVA results can analyze gender
differences, group differences, and gender-group interactions
based on pre-test and post-test scores. MANOVA can
examine model variation in coordination tests. Then, further
testing through effect size using partial eta squared and the
results of pairwise comparisons to analyze how gender and
group differences affect the results of the coordination test.
Analysis of the research data was conducted using SPSS
version 26 software (George & Mallery, 2019).

Results

The first research report is a descriptive analysis based
on the scores from the coordination pretest and posttest
by student gender. These scores represent the number of
repetitions of the coordination test, indicating the minimum
and maximum scores. The following is a descriptive table of
the results of this study.

Based on the descriptive results in table 2, mean EG-
pretest for male was 13.30 and mean EG-posttest for male
was 20.80 with a difference of 7 repetitions. Then, mean CG-
pretest for male was 13.20 and mean EG-posttest for male
was 14.90 with a difference of 1 repetition. Meanwhile, mean
EG-pretest for female was 10.70 and mean EG-posttest for
female was 16.10 with a difference of 6 repetitions. Then,

Table 2. Descriptive results and normality of coordination test

mean CG-pretest for female was 11.20 and mean CG-
posttest for female was 11.90.

After the research results were reported based on pretest
and posttest values, followed by the second analysis, which
included a normality test and homogeneity test. However, to
keep the tables in this study concise and easy to understand,
the researchers combined the normality test results with the
descriptive results in Table 2. In this study, the normality test
used was the Shapiro-Wilk test because the sample size was 10
students in each group. Based on the results in Table 2, the sig-
nificance value from the Shapiro-Wilk test is sig. >0.05, so the
research data is usually distributed (Bernadett & Csaba, 2024).

After the normality test, a homogeneity test was
performed to assess whether two or more data groups had
equal variance. The results of the homogeneity test are
shown in Table 3 below.

Table 3. The results of the homogeneity test in this study

St 91 42 Sig
Pretest on Based on Mean 1.168 3 36 0.335
Coordination Based on Median ~ 1.064 3 36  0.376
Posttest on Based on Mean 0.189 3 3 0903
Coordination Based on Median ~ 0.134 3 36  0.939

Based on the results of Table 3, the homogeneity value
refers to the average value of each pretest and posttest. The
pretest on coordination shows a sig. 0.335 > 0.05, and the
posttest on coordination shows a sig. 0.903 > 0.05, indicating
that all samples involved in this study come from the same
population.

After the data were assumed to be normally distributed
and homogeneous, MANOVA was used to analyze the results
from the students in the big ball game group and the control
group. The following are the results of the MANOVA test.

Based on the results of table 4 referring to Wilks’
Lambda, the effect shown on gender is sig. 0.000 < 0.05 (F =
56.646) so there is a difference in coordination ability based
on gender. The effect shown on the group is 0.000 < 0.05 (F
= 72.383) so the big ball game significantly improves stu-
dent coordination compared to the control group. The effect
shown on Gender*Group is sig. 0.120 < 0.05 (F = 2.252) so
there is no significant interaction between gender and group.

Descriptive Statistics

Shapiro-Wilk

N Minimum Maximum Mean De\Srit:lit.ion Statistics df Sig.
EG-pretest pria 10 12 15 13,30 0,949 0911 10 0.287
EG-posttest pria 10 19 23 20,80 1,317 0.942 10 0.575
CG-pretest pria 10 11 16 13,20 1,476 0.918 10 0.337
CG-posstest pria 10 13 17 14,90 1,197 0.952 10 0.691
EG-pretest wanita 10 9 12 10,70 0,949 0911 10 0.287
EG-posttest wanita 10 14 19 16,10 1,524 0.929 10 0.441
CG-pretest wanita 10 9 13 11,20 1,317 0.942 10 0.575
CG-posstest wanita 10 10 14 11,90 1,197 0.952 10 0.691
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Table 4. Multivariate Test Results on the Big Ball Game

0.05, indicating equivalent initial conditions. However, after

Program being given the big ball game treatment, there was a signifi-
- cant increase in coordination in EG compared to CG (F =
Lo G F S8 147.366; 0.000 < 0.05). In addition, a significant interaction
Pillai’s Trace 0.996 4580.984° between gender and group was also found in the posttest co-
Wilks' Lambda 0.004 4580984 ordination (F = 4.175;0.048 < 0.05), indicating that the effect
Intercept o , 0.000 of the big ball game on coordination differs between male
Hotelling’s Trace  261.771  4580.984 and female students. Overall, the analysis model explains
Roy’s Largest Root 261.771  4580.984° 86.8% of the variation in changes in student coordination,
Pillai’s Trace 0764  56.646 confirming that the big ball game is effective in improving
Wille . coordination abilities in students aged 11-12 years.

Gender ilks' Lambda 0236 56646 0.000 The final analysis involved testing the effect size using
Hotelling’s Trace 3237 56.646° partial eta squared and the results of pairwise comparisons
Roy’s Largest Root 3237  56.646" based on gender and group. The results of the effect size and

Dillats Trace 0805 72383 pairwise comparisons are presented in Table 6 below.
: : Based on the results of table 6, it shows that gender
Group Wilks’ Lambda 0.195  72.383 0.000 has a significant influence on student coordination (F =
Hotelling’s Trace 4136 72383 85.652, p < 0.001, n%, = 0.704). The par.tial n? value of 0.704
Roy’s Largest Root 4136 72.383" 1nd.1ca.tes a very la.rge .effec.:t, so approximately 70.4% of the
variation in coordination improvement can be explained by
Pillai’s Trace 0.114 2.252° gender differences. Then, there is a very significant influence
Wilks' Lambda 0.886 22520 between treatments (EG vs CG) on improving student
Gender*Group Hotelling’s Trace 0.129 555y 0120 coordination (F = 147.366, p < 0.001, n*, = 0.804). The
& ' ' partial n value of 0.804 indicates a very large effect, which
Roy’s Largest Root  0.129 2.252° means approximately 80.4% of the variation in coordination

The third analysis was an tests of between-subjects effects

to examine the differences between experimental groups and
those by gender in students aged 11-12 years. The following
are the results of the tests of between-subjects effects.

Based on the results of table 4, Tests of Between-Sub-
jects Effects shows that at the pretest stage there was no
difference in coordination between EG and CG sig. 0.600 <

improvement is explained by differences in treatment types.

Discussion

Based on the results of this study, it was found that
big ball games have a positive effect on coordination skills,
especially in male and female students who are members of
the experimental group. Meanwhile, the control group of

Table 5. Result of Tests of Between-Subjects Effects

Source Type III Sum of Mean Square F Sig.
Squares
Pretest Coordination 54.200a 18.067 12.654 0.000
Corrected Model o
Posttest Coordination 410.475b 136.825 79.064 0.000
Int ‘ Pretest Coordination 5856.400 5856.400 4101.759 0.000
nterce
P Posttest Coordination 10144.225 10144.225 5861.831 0.000
Gend Pretest Coordination 52.900 52.900 37.051 0.000
ender
Posttest Coordination 148.225 148.225 85.652 0.000
G Pretest Coordination 0.400 0.400 0.280 0.600
rou
P Posttest Coordination 255.025 255.025 147.366 0.000
Pretest Coordination 0.900 0.900 0.630 0.432
Gender*Group .
Posttest Coordination 7.225 7.225 4.175 0.048
a.R Squared = .513 (Adjusted R Squared = .473)
b.R Squared = .868 (Adjusted R Squared = .857)
Table 6. Results of Estimated Marginal Means, Pairwise Comparisons, and Univariate Tests
Estimates Pairwise Comparisons Univariate Tests
Factor  Category Std.  95%CI  95%CI Mean . . Partial Eta
Mean . Sig. F Sig
Error  Lower Upper  Difference Squared
Male 17.85 0.29 17.25 18.45
Gender 3.85% 0.000 85.652 0.000 0.704
Female 14.00 0.29 13.40 14.60
Experiment 18.45 0.29 17.85 19.05
Group 5.05* 0.000  147.366 0.000 0.804
Control 13.40 0.29 12.80 14.00
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female students did not show any significant effect, indicating
that their coordination did not increase significantly in the
absence of the big ball game treatment.

These findings suggest that big ball games are effective as
a practice method for improving coordination, particularly
when administered in a structured and consistent manner.
This finding has also been supported by the results of previous
studies, which have shown that training programs using
structured big balls, such as those with clear procedures and
fun game models, can improve physical skills in students
aged 11-12 years (Mikail & Suharjana, 2019; Niksi¢ et
al., 2020). In big ball games, such as soccer, basketball, or
volleyball, cooperation between the various systems of the
body is required (Dewi, 2023). These body systems include
fine and gross motor, as well as sensory systems such as
vision and balance (Cenizo-Benjumea et al., 2022; Wedi et
al,, 2024). In this training method, students are also required
to be physically active, such as running by moving, jumping
and leaping, and playing reactions. Therefore, training
methods with various games are able to stimulate an increase
in overall coordination (Giuriato et al., 2022), in the new
findings of this study through big ball games.

In male students, both the experimental group and the
control group showed significant differences in coordination,
with the experimental group that received the big ball game
treatment showing a higher increase. This can be explained
based on previous scientific studies, that male students
aged 11-12 years tend to be more physically active (Sari et
al., 2024; Syahriadi et al., 2024). So it has higher courage
in playing competitively, and is more familiar with big ball
games. Then, the basis of the big ball game in this study is
fun, but the factor of the difficulty level of the game model
also has an impact on self-confidence and motivation to
complete challenges (Arifin et al., 2021; Kurniawan et al,,
2024). These factors can increase the effectiveness of the
exercises they undergo.

Meanwhile, in female students, increased coordination
also occurred in the experimental group. This suggests that
big ball games are also effective for female students, although
they may exhibit different physiological and psychological
responses compared to male students. Physiologically,
based on the results of the study, it was found that male
students tend to have more developed muscle strength,
reaction speed, and motor capacity than female students at
that age (Sanchez-Diaz et al., 2021; Sugimoto et al., 2023).
This ability supports their involvement in dynamic physical
activities, such as big ball games, which require movement
coordination, balance, and quick responses to visual and
tactical stimuli (Dewi, 2023). Psychologically, male students
generally show a higher interest in competitive and physical
games, so their involvement in big ball game activities
becomes more intense (Aguayo et al., 2022). In contrast,
female students tend to be more cautious, tend to participate
in collaborative activities, and may feel less confident in
competitive games (Amenya et al., 2021), which may limit
the optimization of coordination development through such
exercises.

Then, other findings showed that there was no
significant effect in the control group of female students,
indicating that without stimulation of exercises such as big
ball games, coordination skills tended to stagnate. It can
be influenced by a lack of spontaneous physical activity or

involvement in games that require complex coordination,
outside of treatment (Sugimoto et al., 2023). Therefore,
the coordination development program should consider
a game-based approach tailored to gender characteristics
so that the benefits are even and optimal. As the results
of previous studies indicate, female students can improve
their physical skills through traditional games for female
students aged 9-12, such as scholarship games (Santoso et
al., 2024) and circuit games, including the Fabric Volleyball
Game, Football Circuit Game, and Suki Basketball Circuit
Game, as well as Quickie (Who's Fast?)—a game for female
students (Kuspratiwi et al., 2025). Then, a more specific
training program was developed specifically for female
students, without groups for male students, such as using
the small-sided game method (Mikalonyté et al., 2022). To
enable female students to be more confident from a young
age, without a comparison group, such as male students.

This study has several limitations worth noting,
including the involvement of students in the experimental
and control groups, which cannot be fully controlled in terms
of motivation, interest, and active participation, especially
among female students, which affects the results obtained. In
addition, the duration and intensity of treatment for big ball
games are still limited, so it does not fully describe the long-
term impact, and the approach has not been fully adapted
to psychological characteristics based on gender. External
factors, such as physical activity outside of school, also
cannot be controlled thoroughly. Nevertheless, the results of
this study have important implications for the development
of physical education learning in elementary schools, where
big ball games are effective in improving students’ motor
coordination, for both boys and girls aged 11-12 years.
Therefore, educators and coaches are advised to integrate
varied and adaptive game approaches to enhance students’
character development and maximize participation and
overall motor development.

Conclusion

The results of this study indicate that playing with a
large ball significantly improves the coordination skills of
11-12-year-old students, particularly in the experimental
group compared to the control group (F = 147.366, p
< 0.001, n?, = 0.804). This effect is very large, indicating
that approximately 80.4% of the variation in coordination
improvement is explained by treatment differences. In
addition, gender also significantly influences coordination
(F = 85.652, p < 0.001, n?, = 0.704), with male students
tending to show better coordination than female students.
Big ball games, presented in a structured, fun, and consistent
manner, have been proven to stimulate the motor and
sensory systems while also encouraging students’ overall
active physical involvement. Differences in responses
between male and female students showed that physiological
and psychological factors also influenced the coordination
results obtained. Meanwhile, although female students in the
experimental group also showed increased coordination, the
control group of female students did not exhibit significant
changes, which highlighted the importance of physical
stimulation through game activities in their coordination
development process. Thus, physical education learning
programs should incorporate game approaches that consider
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differences in gender characteristics, allowing all students to
benefit optimally from them.
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IcTopisa nurannaA. Po3BUTOK KOOpAMHALii B AMTUHCTBI, 30KpeMa y Billi Bif 11 fo 12 pokiB, Biflirpae BayKI1MBY po/b Y 3arab-
HOMY CaMOIIOYYTTi Ta ZOBIOCTPOKOBOMY (Bi3M4HOMY pO3BUTKY. Irpy 3 BenuKuM M sidyeM BU3HaHI eheKTUBHUM 3ac060M ITOKpa-
eHH:A KoopauHanii. OfHaK y 3a3Ha4YeHNX irpax 4acTo aKLeHTYEThCA yBara Ha 6a30BMX TeXHIYHMX HABMYKaX, IPMYOMY HayKOBi
JlaHi I[0J0 BIUIMBY CTATi Ha IIOKa3HMKM KOOPAAMHALiI y irpax 3 BEMKIM M’sT9€eM TIPefICTaB/IeHi B 0OMeXXeHill KillbKOCT.

Mera gocnigxenns. OCHOBHOI METOIO I[bOTO JOC/I>KeHHs 6Y/I0 OL[iHNTY BIUIUB irOp 3 BEJIMKMM M s4eM Ha PO3BUTOK KO-
oppMHalii yuHiB 11-12 pokiB 3 ypaxyBaHHAM IeHI€PHMUX BiIMiHHOCTEI.
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Safitri, A. P, Kriswanto, E. S., Pambudi, A. F,, & Prabowo, T. A. (2025). Implementing Big Ball Games to Enhance Coordination
in 11-12-Year-Old Students: A Gender-Based Analysis

Marepianu Ta MeTogy. 3aCTOCOBAHO KBa3ieKCIIepMMEHTA/IbHUIL AU3aiiH JOCTiI)KeHHA 3 BUKOPUCTAHHAM IIPETeCTOBOIO Ta
HOCTTECTOBOTO MeTOAIB. Y HOCTiMKeHH] B3 yyacTb 40 yunis: 20 xmonuis (Bik: 11.5 + 0.3 poku; 3pict: 148.9 + 3.0 cm; Bara:
44.6 + 2.5 xr) ta 20 piByar (Bik: 11.4 + 0.2 poku; 3pict: 145.7 + 1.3 cm; Bara: 40.0 * 1.1 kr). Bubipku 3 BUSHa4eHUMM HOYATKOBUMMU
MOKa3HMKaMI NIPeTeCTy OY/I0 PO3IOfiIEHO 3a METOJOM MOPAKOBOTrO CIHONMy4eHH: 3a ¢popMynoo A-B-B-A, a morim 06’efHaHO
B eKkcrepuMeHTanpHy rpyny (ET') ta kontponbny rpyny (KI'). InTepBeHIist ckaafanacs 3 I ATY MOJENIeN irop 3 BEIMKNUM M s1YeM,
1[0 TPOBOAMIUCS IPOTATOM LIeCTH TYOKHIB (18 ceciit), 3 TpboMa cecisiMm Ha TIDKAEHD y riepiof 3 7:00 go 9:00 panky. MoHiTOpUHT
iHTeHCHBHOCTI fi/141 1ii€l rpu cTaHOBUB 65% — 75% ab0 peiiTuHT cipuitHsaToro HaBaHTaxXeHHs (Rating of Perceived Exertion, RPE)
Ha piBHi 12 - 14 (momipuuit). KoopanHais oniHOBanacs 3 BUKOPUCTAHHIM TECTy IIOYEProBOrO MifKMAAHHA M si4a 0 CTiHM
(Alternative Hand Wall Toss Test, AHW'T), BanmizoBaHOro iHCTpyMEHTY /IS OIIiHKM 30pPOBO-MOTOPHOI KOOPAMHAIIil. AHaIi3 JaHNX
IPOBOIMBCA 3 BUKOPMCTAHHAM 6araToBMMipHOro auciepciitHoro aHamizy (MANOVA) 3a 10II0MOroi0 IpOrpaMHOTo 3abe3IedeH-
Ha SPSS Bepcii 26.

Pesynpraru. BararoBuMipHuUiT aHasIi3 [MOKa3aB 3HAYHMII BIUIMB Ha KoopamHamito Mbx crartio (p < 0.05) Ta ET (p < 0.05).
BopHouac B3aemopis MK 3a3HadeHNMM GaKTOpaMyl He BU3HAYWMIA ICTOTHOTO BIUIMBY Ha 6araroBuMipHOMy piBHi (p > 0.05). Pe-
3y/IBTAaTV OHOBMMIPHOTO TeCTY BUSBIJIN, IO CTaTh MajIa CyTTEBMII BIUIMB Ha MojinmeHHs koopanHanii (F = 85.652, p < 0.001,
n’,= 0.704), Bxasyloun Ha HaABHicTb 70.4% Bapiallii B IIOKpalleHH] IOKa3HUKIB KOOPAMHALL], [0 IOACHIOETbCA TeH/IePHUMU
BiMiHHOCTsAMM. 3rofioM Ha ocHOBI iHTepBeHwilHoro mifxony (EI Ta KI') mopo koopanHail yunis (F = 147.366, p < 0.001, r]zp =
0.804) 6y0 mpoeMOHCTPOBaHO, 1110 80.4% Bapiallil KOOpANMHALII ITOSACHIOETHCS BIAMIHHOCTAMM MeTORUKY. TecT MiXXCY6 €KTHOTO
eq)eKTy TIOKa3aB, 1IJ0 Ha IIPeTeCTOBOMY eTalli He criocTepiranoca BigminHoOcTelt y KoopanHanii Mix EI' i KI' (p = 0.600), Topi Ax
Ha ITOCTTeCTEBOMY eTalli JOCIi/PKeHHs O0y/10 BUABIEHO 3HavyIly BigMinHICTh (p = 0.000). KpiM TOro, Ha mocTrecTeBOMY eTami
BCTAQHOBJICHO TTIOMITHY B3a€MOJIi10 MiX CTaTTIO Ta rpymoio (p = 0.048).

BucnoBku. CTpyKTypoBaHe, IjikaBe Ta IIOCIi/JOBHE 3aCTOCYBAHH irop 3 BEJIMKNMM M si4eM CIPUsIE 3HAYHOMY ITOKPAIleHHIO
KooppuHaii y miteit Bikom 11-12 pokiB Ta Mae BUpaKeHUIT e(eKT B eKCIepUMEHTAIbHUX IpyHax. OTpuMaHi pesyIbTaT Mif-
KPEC/III0Th BIUINB (i3i0NOriYHNIX Ta IICUXO/IOTIYHIX YMHHIUKIB Ha PO3BUTOK KOOPAMHALLII, BICBIT/IIO0YN TeH/iepHi BIMIHHOCTI y
pearyBaHHi Ha iHTepBeHIiii 3 pisnuHOi akTMBHOCTI. OT>Ke, Mporpami GisMIHOr0 BUXOBAaHHA TOBUHHI 3aCTOCOBYBATH iHK/TIO3UBHI
irpoBi migxony, 1110 BpaxoByIOTh IeH/iepHO-CHelniyHi MoTpeby 3 MeToK0 3abe3IedeHHs MaKCUMi3allii pO3BUTKY KOOpPAMHALII y
BCiX y4HIB.

KirouoBi coBa: irpu st fiiteit, MOTOpHa KOOPAMHALIS AiTelt, irpy 3 BEIMKIM M sideM, ity Bikom 11-12 pokis.
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Abstract

Background. High jump athletes are exposed to considerably lower limb injury risk due to repetitive high-impact
loading and asymmetrical force application during the approach and take-off phases. Despite the biomechanical
demands of the event, limited research has examined the predictive value of combined kinematic and neuromuscular
factors in identifying athletes at elevated risk of musculoskeletal injury.

Objectives. This study aimed to identify biomechanical predictors of lower limb injury risk in competitive male high

jump athletes using penalised logistic regression.

Materials and Methods. Twenty-one male national-level high jump athletes (age 21.14 + 2.22 years; height

187.04 £ 5.36 cm; body mass 74.09 + 5.04 kg) underwent 3D motion capture, ground reaction force analysis, and
surface electromyography. Key predictors included cadence (steps/min), pelvic obliquity (°), pelvic rotation (°), and
muscle activation asymmetry (% difference in EMG amplitude between limbs). Injury classification followed the
International Olympic Committee’s consensus criteria, with injury history verified by medical records. Correlation
analyses were followed by LASSO logistic regression with leave-one-out cross-validation. Model performance was
assessed using AUC, sensitivity, specificity, predictive values, F1 score, calibration slope, intercept, and Brier score.
Results. Four variables were retained in the final model: cadence (OR = 1.60, p = 0.021), pelvic obliquity (OR = 1.48,
p = 0.033), pelvic rotation (OR = 1.36, p = 0.072), and muscle activation asymmetry (OR = 1.66, p = 0.018). The
model demonstrated moderate discriminative ability (AUC = 0.78, 95% CI: 0.64-0.92), sensitivity of 0.75, and
specificity of 0.71. However, calibration was suboptimal (slope = 0.24, intercept = 0.47, Brier score = 0.21), suggesting

risk underestimation and potential overfitting.

Conclusions. Muscle activation asymmetry, cadence, and pelvic kinematic deviations were associated with an
increased risk of lower limb injury in high jump athletes. These findings highlight the importance of neuromuscular
balance and lumbopelvic stability in injury screening. While the results demonstrate preliminary utility, small sample
size and calibration limitations necessitate validation in larger, prospective cohorts before clinical application.
Keywords: high jump, biomechanics, injury prediction, muscle activation asymmetry, logistic regression.

Introduction

Participation in sports and physical activity is not
only vital for developing athletic performance but also
plays a transformative role in enhancing both physical
resilience and psychological well-being, which underscores
the importance of identifying biomechanical factors

© Choudhary, P. K., Choudhary, S., Rajpoot, Y. S., Saha, S.,
Bhardwaj, R., & Syampurma, H., 2025.
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that influence injury risk (Choudhary & Dubey, 2024;
P. K. Choudhary et al., 2024). High jump is a technically
demanding track and field discipline characterised by unique
biomechanical requirements during approach, penultimate
step, take off, flight, and landing phases (Burns et al., 2019).
Athletes participating in track and field jumping events are
exposed to ground-reaction forces on the take-off leg that
are several times their body weight, creating substantial
stress on lower limb structures and predisposing athletes
to specific injury patterns. Lower limb musculoskeletal
injuries represent a significant burden in high jump, with
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ankle sprains, patellar tendinopathy, quadriceps/hamstring
strains, and hip joint overload being the most frequently
reported conditions (Enoki et al., 2021). The biomechanical
demands of high jump create a complex interplay of forces
that must be precisely coordinated to achieve optimal
performance while minimizing injury risk. During the
approach phase, athletes must generate horizontal velocity
while maintaining optimal cadence and stride mechanics
(Heiderscheit et al., 2011). The penultimate step serves as
a critical transition phase, lowering the center of mass and
preparing the body for explosive take-off, while the final step
transmits ground reaction forces exceeding several times
body weight through the lower limb kinetic chain (Wilson
et al., 2007). Compromised force transmission due to poor
alignment or muscular imbalances significantly escalates
injury risk (Croisier et al., 2008). Pelvic stability emerges
as a fundamental component in high jump biomechanics,
serving as the cornerstone for optimal force transfer and
lower limb alignment (Leetun et al., 2004). Excessive pelvic
obliquity or rotation disrupts normal loading patterns across
the kinetic chain, predisposing athletes to overuse injuries
(Zazulak et al., 2007). These kinematic deviations may be
magnified in high jumpers due to the inherent rotational
and asymmetrical forces present during the approach and
take-off phases. Furthermore, bilateral quadriceps strength
asymmetries and deficits in eccentric strength have been
identified as modifiable risk factors in jumping sports
(Hewett et al., 2005).

A stiffer jump-landing technique is a risk factor in the
development of overuse injuries and acute injuries, caused by
less active motion in the lower extremity joints and increased
valgus position of the knee. Gait parameters, particularly
cadence and stance phase characteristics, influence joint
loading patterns and have been linked to injury incidence
in running and jumping sports (Bramah et al., 2018).
Higher cadence is associated with reduced joint loading,
offering potential protective effects against overuse injuries
(Ceyssens et al., 2019). Contemporary injury prediction
approaches recognize that sports injuries emerge from
complex interactions among biomechanical, physiological,
and contextual variables rather than single causative
factors (Bittencourt et al., 2016). This understanding has
promoted the adoption of multifactorial injury models
utilizing statistical approaches capable of handling variable
interdependence (Meeuwisse et al., 2007). Penalized
regression methods such as Least Absolute Shrinkage and
Selection Operator (LASSO) logistic regression enable
simultaneous variable selection and coeflicient shrinkage,
enhancing model interpretability and prediction accuracy
(Tibshirani, 1996). The 79% of studies using drop jump
observed an association with future injury, while only 8%
of countermovement jump studies observed an association
with injury risk, highlighting the importance of sport-specific
assessment protocols. Despite the recognized importance
of biomechanical factors in high jump injury risk, limited
research has specifically examined the predictive value of
combined gait, pelvic kinematic, and strength variables in
this population. A comprehensive understanding of these
relationships is crucial for developing targeted injury
prevention strategies in high jump athletes.

This study aimed to identify biomechanical predictors of
lower limb musculoskeletal injury risk in high jump athletes

using penalized logistic regression modeling. The specific
objectives were to: (1) quantify key gait and pelvic kinematic
variables alongside quadriceps strength measuresin elite high
jumpers; (2) examine relationships between these variables
and injury risk; and (3) develop and validate a predictive
model using LASSO logistic regression with Leave One Out
Cross Validation (LOOCV). It was hypothesized that greater
pelvic rotation and obliquity angles, reflecting compromised
lumbopelvic stability, would be positively associated with
increased lower limb injury risk, while lower step cadence
during approach would be associated with higher injury
risk due to increased joint loading. Additionally, interlimb
quadriceps strength asymmetry (210% difference between
dominant and non-dominant limbs) was expected to be
predictive of elevated injury risk in high jump athletes.

Materials and Methods

Study Design

This study adopted a retrospective observational design
to examine biomechanical factors associated with lower limb
musculoskeletal injury risk in competitive high jump ath-
letes. The design allowed evaluation of associations between
biomechanical variables and retrospectively verified injury
history, without inferring causality or intervention effects.

Study Participants

A total of twenty-one male high jump athletes, aged
between 18 and 25 years, were recruited using purposive
sampling. To ensure homogeneity, only athletes with a
minimum of five consecutive years of structured training
under certified coaches and active participation at the
national competitive level were included. Athletes were
excluded if they had undergone lower limb surgery within
the previous year, presented with diagnosed neurological
conditions affecting gait or motor control, or had incomplete
biomechanical or neuromuscular data. All participants
provided written informed consent was obtained. The
Institutional Ethics Committee granted ethical approval, and
the study was conducted in compliance with the Declaration
of Helsinki (World Medical Association, 2013).

Table 1. Baseline Characteristics of Participants

Variable Mean £ SD  Units Notes

Age 21.14 +2.22 years Chronological age
at testing

Body mass 74.09 £5.04 kg Measured using a
calibrated digital
scale

Height 187.04 £5.36 cm Stadiometer
measurement

BMI 2120+ 1.6 kg/m® Calculated as mass
(kg)/height® (m?)

Training experience 5.09 £0.53 years Continuous

structured training

Data are presented as Mean * Standard Deviation
(SD). Anthropometric measurements were obtained with
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participants barefoot and in light athletic clothing. Body
mass was measured using a calibrated digital scale with +0.1
kg accuracy, and height was measured using a wall-mounted
stadiometer with +0.1 cm accuracy. Body mass index (BMI)
was calculated as body mass (kg) divided by squared height
(m?). Training experience reflects the number of consecutive
years of structured, coach-supervised high jump training.

Injury Classification

Injury classification was carried out according
to the International Olympic Committee consensus
statement (Fuller et al.,, 2006). An injury was defined as
any musculoskeletal condition sustained during training
or competition that caused at least 24 hours of restricted
participation. Severity was categorized as mild (1-7 days),
moderate (8-28 days), or severe (>28 days). Injury history
was obtained through athlete interviews and verified against
medical records, with confirmation provided by a certified
sports physiotherapist who was blinded to all kinematic
and EMG data. Athletes who had sustained one or more
documented lower limb musculoskeletal injuries in the past
12 months were classified as “at risk” (coded as 1), whereas
those without any such history were classified as “no risk”
(coded as 0).

Initial Assessment n= 35

Male high jump athletes screened

!

Eligible Athletes n=27

Excluded (n= 8)
 Training experience <5 years

(@=3) Met initial inclusion criteria
e Not competing at national level

=2
e  Age outside 18-25 years (n= 3) l

Consented Athletes n=23

Excluded (n=4)

e Lower limb surgery within
previous year (n=2)

e Neurological conditions (n=2) l

Provided written informed
consent

Data collection n=21

Complete biomechanical

assessment

Male high jump athletes

Excluded (n= 2)
e Incomplete biomechanical data
(n=1
* Incomplete EMG data (n=1)

Final analysis n= 21

Age: 21.14+2 22 years

/\

At Risk Group n= 12 No Risk Group n= 09

=1 injury in past 12 months No injury history

Fig 1. Participants Recruitment and Selection Process

Instrumentation

Biomechanical and neuromuscular measurements were
obtained using an integrated motion analysis system. A
Vicon® 3D motion capture system (200 Hz) with reflective
markers (modified Plug-in Gait model) was used to record
kinematic data (Kadaba et al., 1990), while ground reaction
forces were measured using AMTI® force plates (1000
Hz) (Winter, 2009). Neuromuscular activity was captured
with a Delsys Trigno™ wireless surface electromyography
(sEMG) system (band-pass 20-450 Hz), with electrodes
placed bilaterally on selected lower limb muscles following
SENIAM guidelines (Hermens et al., 2000). All systems

were synchronised to ensure precise temporal alignment of
kinematic, kinetic, and EMG data (Robertson et al., 2004).

Measured Parameters

Key biomechanical and neuromuscular parameters
were extracted from the motion capture and EMG systems.
Cadence was defined as the number of steps per minute
during the approach phase, while pelvic obliquity and
pelvic rotation were measured as tilt in the frontal plane
and rotation in the transverse plane, respectively. Standard
joint kinematic variables, including hip flexion/extension,
hip abduction/adduction, knee flexion/extension, and ankle
plantarflexion/dorsiflexion were calculated according to
established biomechanical conventions.

Neuromuscular measures included muscle activation
asymmetry, defined as the percentage difference in EMG
activity between dominant and non-dominant limbs,
calculated as:

|EMden — EMGnonfdom|

1
max(EMGdom, EMGno’n—dDm) x 100

Asymmetry (%) =

Higher values indicate greater inter-limb imbalance. Ad-
ditional neuromuscular variables included peak EMG ampli-
tude (uV) and time to peak activation (ms). Injury risk was
coded as a binary outcome, with athletes reporting at least one
lower limb injury in the past 12 months classified as “1 = at
risk” and those without such history classified as “0 = no risk,”
consistent with epidemiological criteria (Fuller et al., 2006).

Testing Protocol

The test protocol began with a standardized warm-up
consisting of 10 minutes of dynamic stretching and five min-
utes of submaximal running. Reflective markers and EMG
electrodes were then applied, and each athlete performed
three maximal-intensity approach and take-off trials repli-
cating their habitual competitive technique. Trials were re-
peated if there was marker occlusion, motion capture drop-
out, or excessive EMG signal noise. Only technically valid
trials were included, and the mean of three valid trials was
used in the analysis to improve stability. Intra-trial reliability
was assessed using intraclass correlation coefficients, which
demonstrated excellent agreement (ICC = 0.90-0.94).

Experimental Protocol

The assessments were conducted indoors on a uniform
synthetic track surface to ensure consistency. Athletes
performed the high jump using their habitual competitive
technique. The approach phase was divided into early, mid,
and final strides, with kinematic data captured at each stage.
Neuromuscular activity was continuously recorded, with
particular emphasis on the penultimate and take-off steps
where loading demands are highest.

Statistical Analysis

Statistical analyses were conducted in Python (v3.11)
using scikit-learn and statsmodels libraries. Descriptive
statistics were calculated for all continuous variables, and the

1418



Choudhary, P. K., Choudhary, S., Rajpoot, Y. S., Saha, S., Bhardwaj, R., & Syampurma, H. (2025). Identifying Biomechanical Risk
Factors for Lower Limb Injuries in High Jump Athletes Using Penalised Logistic Regression

Shapiro-Wilk test was applied to assess normality, guiding
the use of Pearson or Spearman correlations as appropriate.
Multicollinearity was assessed using variance inflation
factors (VIF) to ensure model stability. The core modelling
technique was L1-penalized logistic regression (LASSO),
with the penalty parameter (A) selected through leave-one-
out cross-validation (LOOCV). Model performance was
evaluated using multiple indices: area under the ROC curve
(AUC) with 95% confidence intervals, sensitivity, specificity,
positive predictive value (PPV), negative predictive value
(NPV), balanced accuracy, F1 score, calibration intercept
and slope, and the Brier score. ROC and calibration plots
were used to visualize discriminative and calibration
performance. All analyses were conducted using a complete-
case approach, as no missing values were identified in the
biomechanical or neuromuscular datasets. All reporting
adhered to the STROBE guidelines for observational studies
and the TRIPOD checklist for prediction modelling.

Result

The present study examined associations between
selected biomechanical variables and lower limb injury risk
in competitive high jump athletes. Descriptive statistics for
anthropometric and training characteristics are presented
in Table 1. Correlation analyses were performed to identify
significant biomechanical predictors of injury risk, followed
by penalised logistic regression modelling to develop a
multivariable prediction model. The retained predictors,
model coefficients, and corresponding odds ratios are
summarised to highlight their contribution to injury risk.
Predictive performance metrics were then evaluated to
determine the discriminative ability, calibration, and overall
accuracy of the model. Graphical representations, including
the ROC curve and calibration plot, provide additional
insight into model behaviour and diagnostic validity.

In the multicollinearity diagnostics, all predictor
variables demonstrated acceptable tolerance values. Variance
inflation factors (VIFs) were below 2.5 for all retained
predictors, indicating no concerning multicollinearity.

Table 2. Correlation of Predictors with Injury Risk

In Table 2 Correlation analysis examined associations
between biomechanical predictors and lower limb injury
risk in high jump athletes. Cadence was expressed in steps
per minute during the approach run, pelvic obliquity as
frontal plane pelvic tilt in degrees, and pelvic rotation as
transverse plane pelvic rotation in degrees.

Muscle activation symmetry was defined as the
percentage difference in EMG amplitude between dominant
and non-dominant limbs. Correlation coefficients are
presented as Pearson’s r or Spearmans p, depending on data
distribution, with p-values <0.05 considered statistically
significant.

In Table 3, the final penalised logistic regression model
(LASSO) retained four predictors of lower limb injury
risk. Cadence, pelvic obliquity, pelvic rotation, and muscle
activation symmetry were expressed in standardised units
to allow direct comparison of effect sizes.

Odds ratios (OR) are presented with 95% confidence
intervals (CI), and p-values <0.05 were considered
statistically significant. Muscle activation symmetry was
calculated as the percentage difference in EMG amplitude
between limbs. Variables excluded during penalisation are
not shown in the table.

In Table 4, Model performance metrics for the final
LASSO logistic regression model predicting lower limb
injury risk in high jump athletes are presented in Table
4. Discrimination was assessed using the area under the
receiver operating characteristic curve (AUC) with 95%
confidence intervals, while calibration was evaluated using
the calibration intercept, slope, and Brier score.

The optimal classification threshold was identified using
the Youden index, with a cut-off probability of 0.43 applied
to balance sensitivity and specificity. At this threshold, the
model achieved a sensitivity of 0.75 and a specificity of
0.71. Sensitivity, specificity, positive predictive value (PPV),
negative predictive value (NPV), balanced accuracy, and
F1 score were derived accordingly. AUC values closer to
1 indicate excellent discrimination, whereas calibration
slope values closer to 1 reflect stronger agreement between
predicted and observed risks.

Correlation
Predictor coefficient p-value Units/Definition
(r/p)

Cadence (steps/min) 0.58 0.012 Steps per minute during approach phase
Pelvic obliquity (°) 0.46 0.033 Frontal plane pelvic tilt (degrees)
Pelvic rotation (°) 0.39 0.072 Transverse plane pelvic rotation (degrees)
Muscle activation symmetry (%) 0.55 0.018 % difference in EMG amplitude between limbs
Other joint kinematics <0.30 >0.05 Standard lower-limb joint angles

Table 3. Final LASSO Logistic Regression Model Predictors of Injury Risk

Predictor Standardized OR (95% CI) p-value Units/Definition
Cadence (steps/min) 0.47 1.60 (1.10-2.40) 0.021  Steps per minute during approach phase
Pelvic obliquity (°) 0.39 1.48 (1.05-2.10) 0.033  Frontal plane pelvic tilt (degrees)
Pelvic rotation (°) 0.32 1.36 (0.95-1.95) 0.072  Transverse plane pelvic rotation (degrees)
Muscle activation symmetry (%) 0.51 1.66 (1.12-2.46) 0.018 % difference in EMG amplitude between limbs
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Table 4. Predictive Performance of the Final LASSO Model

Units/Definition

Metric Value (95% CI)
AUC (ROC) 0.78 (0.64-0.92)
Sensitivity 0.75 (0.51-0.91)
Specificity 0.71 (0.46-0.89)
Positive predictive value (PPV) 0.69
Negative predictive value (NPV) 0.77
Balanced accuracy 0.73
F1 score 0.72
Calibration intercept 0.47
Calibration slope 0.24
Brier score 0.21

Area under the receiver operating characteristic curve
Proportion of injured athletes correctly identified

Proportion of non-injured athletes correctly identified
Probability that predicted “at risk” athletes were truly injured
Probability that predicted “no risk” athletes were truly uninjured
Mean of sensitivity and specificity

Harmonic mean of sensitivity and PPV

Ideal value = 0; reflects systematic under/overestimation

Ideal value = 1; <1 indicates overfitting

Mean squared error of predicted probabilities; lower = better calibration

The final LASSO model achieved moderate
discriminative performance with an AUC of 0.78 (95% CI:
0.64-0.92), sensitivity of 0.75, and specificity of 0.71. See Fig.
2. Receiver Operating Characteristic (ROC) curve showing
the discriminative performance of the final LASSO logistic
regression model in predicting lower limb injury risk in high
jump athletes.

Receiver Operating Characteristic (ROC) Curve
1.0f

0.8

o°
o
T

True Positive Rate
o
N

0.2

0.0 = —— ROC curve (AUC = 0.45)
0.0 0.2 0.4 0.6 0.8 1.0
False Positive Rate

Fig. 2. Receiver Operating Characteristic (ROC) curve for the
final LASSO model

The area under the curve (AUC) was 0.78 (95% CI:
0.64-0.92), indicating moderate discrimination. The
dashed diagonal represents chance-level classification
(AUC = 0.50). Calibration plot of predicted versus observed
probabilities for the final LASSO model. The solid blue line
shows actual calibration, while the dashed line represents
perfect calibration (slope = 1, intercept = 0). The calibration
intercept was 0.47 and the slope 0.24, indicating systematic
underestimation of true injury probabilities and some
degree of overfitting. The Brier score was 0.21, reflecting
moderate but suboptimal calibration accuracy. Calibration
analysis indicated an intercept of 0.47 and a slope of 0.24,
suggesting systematic underestimation of true probabilities.
The calibration plot is shown in Figure 2, with a Brier score
of 0.21 reflecting fair but suboptimal calibration accuracy.

Calibration Plot

1.0 | —®— Calibration curve A
——- Perfect calibration -~
0.8
=
06
Q
[
o
°
2
o 0.4r
w
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o
0.2
0.0f
0.0 0.2 0.4 0.6 0.8 1.0

Predicted Probability

Fig. 3. Calibration plot for the final LASSO model

Discussion

This retrospective observational study identified four
biomechanical variables associated with lower limb injury
risk in competitive high jump athletes using penalized
logistic regression. The final LASSO model retained cadence,
pelvic obliquity, pelvic rotation, and muscle activation
asymmetry as predictors, achieving moderate discriminative
performance (AUC = 0.78). These findings provide empirical
evidence supporting the multifactorial nature of injury risk
in high jump and highlight sport-specific biomechanical
factors that may serve as screening markers and intervention
targets.

The strongest predictor in our model was muscle
activation asymmetry (OR = 1.66, 95% CI: 1.12-2.46),
indicating that greater inter-limb neuromuscular imbalances
substantially increase injury risk. Higher asymmetry values
reflect greater imbalance between dominant and non-
dominant limbs, which has been consistently linked to
elevated lower limb injury risk in jumping sports (Hewett
et al.,, 2005; Croisier et al., 2008). Previous systematic
reviews reported that nearly 79% of drop jump assessments
revealed predictive associations with future injury (Paterno
et al., 2010). More recent evidence reinforces these findings,
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showing that lower-limb asymmetry is consistently
associated with increased injury risk, albeit with some
varijability depending on the measure (Helme et al., 2021;
Guan et al., 2022; Fox et al., 2023). Prospective studies
confirm that pre-season asymmetry predicts non-contact
injuries in elite athletes (Wang et al., 2025). Moreover,
asymmetry has also been linked to impaired performance
and efliciency, suggesting broader implications for both
injury prevention and sport optimization (D’Hondt et al.,
2024; Heil, 2022). The asymmetric loading demands of
high jump may exacerbate such imbalances, contributing
to preferential strain on tissues and long-term overuse risk.

Cadence emerged as the second strongest predictor
(OR =1.60, 95% CI: 1.10-2.40). Interestingly, while running
studies report protective effects of higher cadence on joint
loading and oxygen cost (Ceyssens et al., 2019; Anderson
et al., 2022; Figueiredo et al., 2025), our findings suggest
the opposite in high jump. Excessive cadence may indicate
compromised approach mechanics, insufficient stride
optimization, or poor horizontal-to-vertical momentum
transfer (Heiderscheit et al., 2011; Wilson et al., 2007). This
highlights the sport-specific biomechanics of high jump,
where cadence interacts with stride length and velocity to
determine take-off efficiency.

Pelvic obliquity also demonstrated a moderate
association with injury risk (OR = 1.48, 95% CI: 1.05-2.10),
supporting the hypothesis that compromised lumbopelvic
stability predisposes athletes to overloading (Zazulak et al.,
2007; Burns et al., 2019). Prior work has shown sex-related
differences in pelvic kinematics (Leetun et al., 2004), and
more recent evidence confirms the role of pelvic orientation
and tilt in determining biomechanical load distribution
(Glakousakis et al., 2024; Hegyi et al., 2025). While pelvic
rotation showed weaker but clinically relevant associations
(OR = 1.36, p = 0.072), excessive transverse plane pelvic
motion may reflect neuromuscular deficits or insufficient
core stability during the crucial approach-to-take-off
transition (Bramah et al., 2018; Bittencourt et al., 2016). The
prospective cohort study by Gogoi et al. (2021) similarly
identified pelvic kinematic variables (range of obliquity,
tilt, and rotation) and limb symmetry as predictors of
lower limb injury, reinforcing the present study’s findings
that pelvic control and neuromuscular asymmetry are
critical determinants of injury risk. This external evidence
strengthens the validity of our model’s retained predictors.

Although the LASSO model showed acceptable
discrimination (AUC = 0.78) with balanced sensitivity
(0.75) and specificity (0.71), calibration analysis revealed
substantial shortcomings. The calibration slope (0.24) and
intercept (0.47) indicated systematic underestimation of
injury probabilities, reflecting one of the common pitfalls
of predictive models in sports medicine (Van Calster et al.,
2019). Calibration has been recognized as the “Achilles heel”
of prediction modeling (Collins et al., 2024), and our findings
align with critiques of overfitting and poor generalizability
in small-sample models (Tibshirani, 1996; Bullock et
al.,, 2024). These limitations emphasize the necessity of
larger, prospective cohorts and external validation before
translation into applied practice.

The practical implications of these findings are
significant. Neuromuscular training programs designed to
reduce bilateral asymmetry have consistently demonstrated

efficacy in lowering injury risk (Meeuwisse et al., 2007;
Guan et al., 2022). Similarly, interventions focused on core
strengthening and lumbopelvic stabilization may reduce
abnormal pelvic kinematics (Leetun et al., 2004; Glakousakis
et al., 2024; Hegyi et al., 2025). Screening protocols in high
jump could also incorporate cadence analysis to identify
maladaptive approach mechanics that elevate loading
demands.

At a methodological level, our findings align with
emerging literature advocating for integration of advanced
statistical and machine learning approaches in sports
injury prediction. Musculoskeletal stiffness (MSS) has
been highlighted as a strong prospective predictor of
overuse injury (Moresi et al., 2012). Similarly, abnormal
joint mechanics such as limited ankle dorsiflexion, joint
laxity, or foot arch abnormalities contribute to injury
susceptibility (Neely, 1998). Jump landing biomechanics
remain critical, as video-based analyses of landing control
have shown strong predictive validity for injury risk
(Sharma et al., 2023). Recent work applying machine
learning, including logistic regression, random forests, and
AdaBoost, demonstrates how multivariable models can
quantify the relative contributions of predictors, thereby
refining understanding of injury mechanisms (Dandrieux
etal, 2023). Dynamic task analysis, such as drop jumps and
sidesteps, further highlights consistent markers like knee
abduction angle, suggesting potential for developing risk
“passports” for ACL and related injuries (Sharir et al., 2017).
These approaches, when combined with penalized logistic
regression, may substantially improve the precision and real-
world applicability of predictive models in sport.

Several methodological limitations warrant consider-
ation. The retrospective design prevents establishing tempo-
ral causality (Claudino et al,, 2019). Compensatory move-
ment adaptations following previous injuries may confound
observed associations (Paterno et al., 2010). The small sam-
ple (n = 21) yields an unfavourable events-per-variable ratio,
heightening risk of overfitting and instability (Van Calster
et al., 2019). Injury classification was binary, not accounting
for severity gradations or recurrent episodes, which may
oversimplify complex patterns (Fuller et al., 2006; World
Medical Association, 2013). Finally, LOOCYV, though suit-
able for small samples, may inflate predictive performance
compared with independent validation (Tibshirani, 1996).

In summary, this study highlights the combined
influence of neuromuscular asymmetry, cadence, and pelvic
kinematics on injury susceptibility in high jump athletes.
Our integrated discussion, supported by both classical and
contemporary evidence (2005-2025), suggests that these
are modifiable factors with potential value in targeted
prevention strategies. However, calibration limitations,
retrospective design, and small sample size underscore the
urgent need for larger, prospective, and externally validated
studies. Integrating biomechanical measures with advanced
predictive modeling represents a promising frontier for
enhancing injury prevention in technical jumping sports.

Conclusion

This preliminary investigation highlights critical
avenues for future research and practical application in
injury prevention among high jump athletes. To establish
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stronger causal links between biomechanical variables
and injury occurrence, prospective cohort studies with
substantially larger sample sizes are required. External
validation across independent datasets is equally important
to ensure the robustness and generalizability of predictive
models. Future research should expand the biomechanical
scope by incorporating three-dimensional joint kinematics
during take-off, ground reaction force characteristics,
and approach velocity profiles. Examining sex-specific
differences, developmental stages, and competitive levels
will further enhance model applicability across diverse
athletic populations. Additionally, integrating training load,
previous injury history, and psychosocial determinants
into multifactorial frameworks may improve the accuracy
of injury prediction. Advances in wearable technology
and real-time biomechanical monitoring hold promise
for dynamic risk assessment, offering immediate feedback
and facilitating timely intervention strategies. However,
widespread implementation will require substantial
improvements in model calibration and external validation
across varied sporting contexts.

Despite methodological limitations, the present
findings provide preliminary guidance for evidence-based
prevention strategies in high jump. Regular monitoring of
bilateral neuromuscular symmetry through standardized
strength assessments or functional movement screens may
assist in identifying athletes at heightened risk. Interventions
targeting asymmetry such as unilateral strengthening and
neuromuscular training offer practical means of mitigating
injury susceptibility. Furthermore, pelvic stability and core
control should be prioritized as fundamental components of
both technical optimization and injury prevention programs.
Structured interventions focusing on lumbopelvic control,
core strengthening, and movement quality may address the
kinematic deviations identified in this study. Nevertheless,
validation of these approaches through well-designed
randomized controlled trials remains essential before their
broad application in athletic populations.
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BusHaueHHA 6iomexaHiuHNX paKTOpiB pU3NKY TPaBMyBaHHA
HVMKHIX KiHLiBOK Yy CNOPTCMEHIB 3i CTPNGKIB y BUCOTY

i3 BUKOPUCTaHHAM MeToAY WTpPadHOI NIOFiCTUYHOI perpecii
IIpamant Kymap Yoyarapi'A“PE, Cyuimpasa Yoyarapi'A“PE, ditroBenapa Cinrx Pamkmyt!A°PF,
Coxom Caxa'A“PE, Pitemr Brapgsamx'4*“PE, Tinmaitnyp Cammypma’AcPE

'Hanjonanpunii inctuTyT QisndHOro BuxoBaHHs imMeHi Jlakimmi6ait
*ep>xaBHuit yHiBepcutet [Taganr

ABTOpPCHKMIT BT A — Am3aitH gocnipkenHs; B — 36ip ganux; C — crarananis; D — migroroska pykormucy; E — 36ip komTis

Pedepar. Crarts: 10 c., 4 Tabn., 3 puc., 41 mxepero.

Icropisa muranHa. CopTcMeHN 31 CTPUOKIB y BICOTY CXMIbHI JO 3HAYHO BUIIOTO PUSMKY TPAaBMYBaHHS HIDKHIX KiHI[IBOK
4yepe3 IMOBTOPIOBAHI yapHi HABAaHTa>KEHH: BICOKOI IHTEHCMBHOCTI Ta acUMeTpUYHe IPUKIaJaHHsA CUIIN IIiJ] Yac eTamiB po3obiry
Ta BifIITOBXyBaHHA. Hespaxkaroun Ha 6ioMexaHiYHi BUMOTIY I[bOTO BUJY CIIOPTY, /IMIIE B 00MeXXeHill KiZIbKOCTI JOCTi[)KeHb BI-
BYa/Iacsl MPOTHOCTUYHA L[iHHICTh KOMOIHOBaHMX KiHEMAaTHYHNX Ta HEPBOBO-M s30BUX (DAKTOPIB Yy BUSHAUEHHI CIIOPTCMEHIB i3
IiIBUILEHMM PU3MKOM TPaBMyBaHHs OIIOPHO-PYXOBOTO alapary.

Merta gocmipkeHHA. MeTa 1IbOro JOCTIPKeHH:A NO/ATaNa y BU3HAYeHHI 6ioMexXaHIYHMX NIPEMKTOPIB PUSKKY TPABMyBaHH:A
HIDKHIX KiHIIIBOK Y KOHKYPEHTOCIIPOMOKHIX CIIOPTCMEHIB-4O0/IOBIKIB 31 CTPUOKIB y BUCOTY i3 BUKOPUCTAHHAM METOAY IITpadHOI
JIOTiCTUYHOIL perpecii.

Marepianu Ta MeToAN. [IBafilIATh OMH CHOPTCMEH YO/IOBIYOi CTATi HAI[iOHANBLHOTO PiBHA 3i CTPUOKIB y BucoTy (Bik 21.14
+ 2.22 poxu; 3pict 187.04 + 5.36 cm; maca tima 74.09 + 5.04 Kr) 3asHaB IPOLEAYPY i3 3aCTOCYBaHHAM TexHosorii 3D 3axorieHHs
PyxiB, aHa/Ti3y CHIN peakliii oropu Ta MoBepxHeBoi enekTpomiorpadii. [[o K/I0Y0BUX IPEINKTOPIB Ha/IeXa/M KafeHIis (kpokn/
xB), Hax Tasa (°), obepranus Tasa (°) Ta acumerpis aktuBanii M s13iB (% pisHuis B ammrityni EMI' mix kinnjiskamn). Kimacndi-
Kallis TpaBM BifjIIOBifala KOHCEHCYCHMM KpuTepiaM MDKHapOIHOrO OiMIIIICHKOTO KOMITETY, IPMYOMY aHaAMHe3 TPaBM OYB Iif-
TBEPIKEHMI MeimdHmMy 3amycamu. Ilicisa KopenAniiiHoro aHajisy NpoBefieHo NOTicTUYHY perpeciio 3a metononoriero LASSO
(omeparop HailMEHIIOr0 a0COMIOTHOTO CKOPOYEHHs Ta BiiOOPY) i3 IepeXpecH!M 3aTBepA>KyBaHHAM MOC/IiJOBHOTO BUK/TIOUEHHS
OJTHOTO CIIOCTepeXXKeHHA. Pe3ynbTaTuBHICTD MOfieri olliHIoBay 3a gormoMorolo mokasHnka AUC (area under ROC curve — o,
o6MmexxeHoi ROC-KpuBOIO i BicCl0 4acTKV HOMMIKOBMX IO3UTUBHUX K1acudikallit), 9y TIMBOCTi, crenndiqHOCTi, IPOrHOCTNY-
HIX 3Ha4YeHb, MoKasHuKa F1, Haxuty KambpyBaHHsI, TOYKY TepeTHHY Ta OLiHKM Bpaepa.

Pesynbraru. Y mifcymkoBiit Mmopeni 6y1o 36epexeno yotupu 3minHi: kKagerris (OR = 1.60, p = 0.021), maxu tasa (OR = 1.48,
p =0.033), obepranns Taza (OR = 1.36, p = 0.072) Ta acumerpist akrusanii m’s3iB (OR = 1.66, p = 0.018). Mopenb npogeMOHCTPY-
BaJIa OMipHy AucKpuMiHaTusHy 3patHicTh (AUC = 0.78, 95% [I1: 0.64-0.92), uytimsicts 0.75 Ta cneundivnicts Ha piBHi 0.71.
OpHak KanibpyBaHHA BUABIIOCH cybonTuManbHuM (Haxu = 0.24, Touka nepetnHy = 0.47, oninka bpaepa = 0.21), o Bka3ye Ha
HEJIOOLIiHIOBaHH:A PU3MKY Ta ITOTEHIIiJIHE TepeHaBYaHH .

BucHoBKuM. AcuMeTpis M's30B0i aKTMBallii, KaleHI|iA Ta KiHeMaTU4Hi BiAX1IeHHA Tasa 6y/nu 10B’A3aHi 3 Mi/[BUILEHNM PU-
3MKOM TPaBMYBaHHs HIDKHIX KiHIIIBOK y CIOPTCMeHIB 3i cTpuOKiB y Bucory. OTpuMaHi pesyabTaTu MifKpec/IonTh BaK/INBICTb
HEePBOBO-M 5130BOr0 6ajlaHCy Ta CTabiIbHOCTI MOIEPEeKOBO-Ta30BOr0 Bifyjiny xpe6Ta mpyu CKpUHIHTY TpaBM. ITonpy HasBHICTD
HOIIepeHIX JAHNUX PO HOLIbHICTD BUKOPUCTAHHS OTPUMAHUX Pe3y/IbTaTiB, HeBEMUKMII po3Mip BUOIPKYU Ta 0OMeXXeHHs KaJli-
6pyBaHH: MOTPeOyI0Th Batifialii y 61Ib1INX IPOCIIEKTUBHNX KOTOPTAaX Iepef KIiHIYHIM 3aCTOCYBaHHIM.

Kirouosi cmoBa: cTpubok y BUCOTY, 6ioMexaHiKa, IPOrHO3yBaHHs TPaBM, aCUMeTpis aKTUBaLlil M s31B, TOTiCTIYHA perpecis.
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Abstract

Objectives. The purpose of the study was to determine the reliability of the Figure-of-8 Walk Test in inclusive
physical education using a newly developed analytical programmed tool.

Materials and Methods. The study was conducted at both theoretical and empirical levels. A pedagogical experiment
was carried out using the Figure-of-8 Walk Test (F8W). The sample consisted of first-year university students who
had sustained war-related injuries, including blast-induced traumatic brain injury (TBI) and blast TBI combined with
acoustic trauma.

Results. The findings of the study are implemented in the newly developed analytical programmed tool designed to
support the execution of the F8W. Its core component is a wireless autonomous data collection system that integrates
an inertial measurement unit (IMU), a sensor system supported by a neural network, a processing unit, and a
Portenta H7 controller—providing a combination of technological integration and artificial intelligence.

The IMU was attached to the participants body during the execution of the F8W. In real time, measurements of
acceleration, velocity, and position were transmitted via Bluetooth. As the participant moved along the test course,
the sensor system — supported by the neural network and processing unit — recorded detailed movement data and
transmitted it to the microcontroller platform. The Portenta H7 platform aggregated the test parameters from the
IMU and sensor system with flexible activation and data-buffering capabilities.

The wireless autonomous data collection system processed the output control data while the participant performed
the F8W and displayed the information on a PC interface. Statistical verification of the obtained data confirmed that
the analytical programmed tool ensures high reliability and validity of FSW measurements. In contrast, traditional
recording methods demonstrated low reliability and validity, primarily due to the influence of the human factor.
Conclusions. The study demonstrated that the developed analytical tool for real-time assessment of mobility
parameters in students with war-related injuries provides excellent measurement reliability compared to conventional
Figure-of-8 Walk Test procedures. The tool offers substantial advantages over traditional methods of manual data
recording, enhancing accuracy, objectivity, and reproducibility of FSW performance evaluation.

Keywords: student, war injuries, physical education, inclusion, control, testing, Figure of 8 Walk Test.

©

Blavt, O., Lei, S., Helzhynska, T., Pityn, M., Herasymenko, O.,
Vovk, L., Prozar, M., & Hrebik, O., 2025.

@ PETM
LLCOVS

1426



Blavt, O, Lei, S., Helzhynska, T., Pityn, M., Herasymenko, O., Vovk, |, Prozar, M., & Hrebik, O. (2025). An Analytical Programmed Tool for
Improving the Reliability of the Figure-of-8 Walk Test in Inclusive Physical Education

Introduction

In a situation of active combat operations on the
territory of Ukraine for more than 10 years in a row and
the amount of artillery weapons currently in use, which is
unprecedented in the history of wars, there is almost no
chance for soldiers to avoid injury. However, being in the
rear does not protect against war injuries. Along with a
large number of military personnel, a significant number
of civilians are exposed to shock waves affecting the brain
as a result of daily shelling. Most often, the shock wave
causes a concussion (Latin: commotio, English: concussion,
or equivalent name — mild Traumatic Brain Injury (mTBI)
(Romeu-Mejia, Giza & Goldman, 2019), which may be
accompanied by complications — blast TBI with acoustic
trauma (Weppner, Linsenmeyer & Ide, 2019; Phipps et al.,
2020). Such injuries may lead to long-term consequences and
significantly complicate life (Denby et al., 2020; Haarbauer-
Krupa et al., 2021; Sepehry, Schultz & Mallinson, 2024;
Leland et al., 2016).

The war has forced the professional community of higher
education institutions to pay additional attention to this
problem. In higher education, inclusive physical education
helps restore students’ impaired functions (Pellerin, Wilson
& Haegele, 2022; Lieberman, Houston-Wilson & Grenier,
2024).

In this regard, it should be noted that the level of physical
activity is determined by factors that influence the quality of
life related to health after injuries (Brittain & Green, 2012;
Galeno et al., 2022; Lorenz et al., 2018). Conversely, a lack of
physical activity, as claimed (Shirazipour, Aiken & Latimer-
Cheung, 2017; Rosa et al., 2025; Jamieson & Wijesundara
2025), poses a significant problem for the health of injured
individuals.

Given the above arguments, we position the quality of
inclusive physical education in higher education as a factor
in effectively overcoming the physical consequences of
students’ lost functions due to injuries in order to improve
their condition, mobility, and quality of life.

Analysis of recent research and publications. Scientists
claim that balance and mobility disorders are the most
common disorders after mTBI (Alashram, Padua & Annino,
2022; Denby et al., 2020); after blast TBI with acoustic trauma
(Shvets, Podolian & Holinko, 2020; Haarbauer-Krupa et al.,
2021; Blavt & Gurtova, 2024).

Data from numerous scientific sources (Willingham et
al,, 2024) indicate that physical activity plays a leading role in
the recovery of impaired functions. In particular, it improves
balance, mobility, and eliminates unsteadiness after mTBI
(Bland, Zampieri & Damiano, 2011), after blast TBI with
acoustic trauma (Weppner, Linsenmeyer & Ide, 2019; Phipps
et al., 2020; Blavt & Gurtova, 2024).

It is argued (Phipps et al., 2020; Wellons et al., 2022)
that the consequences of injuries in terms of impaired
coordination, balance, mobility, and gait parameters have
certain patterns. However, as researched (Vander Vegt et al.,
2022; O'Neil et al., 2019; Romeu-Mejia, Giza & Goldman,
2019), the course of these disorders will be individual.

Research has shown that the impact of inclusive physical
education on the recovery process requires objective
monitoring (Blavt et al., 2023; Maher, van Rossum & Morley,
2023; Kuntjoro et al., 2024). It has been established (Rosa,

2025; Jamieson & Wijesundara 2025; Xu etal., 2024) that such
monitoring provides valuable information and feedback,
tracks progress, and contributes to the development and
evaluation of future programs

Ithasbeen proven that due to the numerous complexand
diverse impairments associated with trauma (Romeu-Mejia,
Giza & Goldman, 2019; Brassel et al., 2021), it is possible
to implement such monitoring by applying innovative
technologies (de Miguel-Fernandez et al., 2023; Koenig et
al., 2023; Chaparro-Cérdenas et al., 2019).

As established (Jones, DeRuyter & Morris, 2020; Jantz,
PB., Davies & Bigler, 2014; Santilli et al., 2025), innovative
technologies are a factor in the effectiveness of physical
education (Zhong et al., 2025; Xu et al., 2024), the process
of recovery, prevention of regression, tracking changes, and
ensuring a healthy lifestyle.

Scientific works (Bolatuly Omarov, Zhunusbekov &
Aliyev, 2025; Chao, Yi, Min & Long, 2024; Zhong et al., 2025)
confirm that the quality of physical education in general,
and inclusive physical education in particular (Toto et al.,
2024; Li, 2025; Adeleye, Eden & Adeniyi, 2024) is currently
determined by the quality of control implemented by the
latest tools, including artificial intelligence tools (Zhou et al.,
2024; Wu et al., 2025; Vasco Delgado et al., 2025).

The purpose of the study is to establish the reliability of
the Figure-Of-8 Walk Test in inclusive physical education
using the developed analytical programmable tool.

Materials and Methods

Research Methods

To achieve the set goal, the research was carried out
in two stages: theoretical and empirical. The theoretical
stage involved the collection of scientific information on
the specific research topic in the field of inclusive physical
education and innovative technological developments in this
area of knowledge. To form the theoretical basis of the study,
methods of analysis, synthesis, and generalization were used.

The empirical stage involved the implementation of
the research idea using design methods to create a digital
tool, a pedagogical experiment at the stage of collecting the
necessary data using testing, and mathematical analysis of
the data obtained.

Testing was carried out using the Figure of 8 Walk
Test (F8W). The choice of F8W for our study was due to
the suitability of this test for monitoring walking skills in
everyday life (Hess et al., 2010). In addition, the F8W is an
easy-to-use tool for monitoring the walking skills of people

4 Feet

Fig. 1. Scheme of the Figure-of-8 Walk (Hess et al., 2010)
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with disabilities, as it correlates with functional mobility,
walking speed, and balance (Soke et al., 2023).

The test procedure. The FSWT uses a path where the
participant is asked to walk a figure of eight shape around
two cones. Scores are recorded in three areas: speed (time
for completion), number of steps taken and pace (Figure of
8 Walk Test).

Study Participants

The study involved 28 male students who had suffered
war-related injuries and who had enrolled in the first year
of study at y Lviv Polytechnic National University, Lviv State
University of Physical Culture named after Ivan Boberskyj,
Stepan Gzhytskyi National University of Veterinary Medicine
and Biotechnologies of Lviv, Drohobych Ivan Franko State
Pedagogical University, Kamianets-Podilskyi National Ivan
Ohiienko University, Lutsk National Technical University.

The students’ ages ranged from 18 to 23 years. Criteria
for inclusion of students in the study: presence of war-
related trauma, written consent to participate in the study.
Criteria for exclusion of students from the study: refusal to
participate in the study; presence of any concomitant diseases,
musculoskeletal, neurological, or cardiopulmonary diseases
as a result of trauma, or exacerbation of the consequences
of trauma.

All participants in the study sample were involved in the
experiment on the basis of anonymity and confidentiality.
Voluntary written consent to participate in the testing was
obtained.

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

Research Organization

Before the experiment, the participants in the study
sample were instructed on the testing conditions. After
the experiment, the data obtained were reanalyzed and
compared, and a final experimental conclusion was made.
The experimental process was implemented as part of
a university physical education course. The study was a
comparative experiment, in which the experimental factor
was the method of recording the test results. In the first case,
the recording method required instrumental control using a
specially developed tool, and in the second case, a stopwatch
was used.

The maximum speed was measured twice, and the
average time result was used for analysis. To determine the
F8W pace, the number of measured F8W steps was divided
by the F8W time.

Statistical Analysis

The analysis of the research results involved the
use of mathematical statistics methods. The correlation
analysis method was used to measure the strength of the
relationship based on the determination of the intraclass
correlation coefficient (rtt) (Riemann & Lininger, 2018)

and the coefficient of variation (V) between experimental
repetitions. The correlation coefficient was used to establish
the reliability and validity of FSWT, the results of which were
interpreted based on the experimental factor in accordance
with the numerical values obtained.

The time taken to cover the FSW distance, the number
of F8W steps, and the speed of F8W performance were
dependent variables. The significance level was set at p<0.05.

Mathematical statistics methods were used to process,
analyze, and interpret the experimental data using SPSS
Version 22.0 (IBM Corporation).

Results

In conducting the experimental study, we were guided
by the thesis that accurate control of balance and gait
parameters is the basis for assessing the risk of injury after
blast TBI (Sepehry, Schultz & Mallinson, 2024).

The results of our scientific research are presented in a
developed analytical programmable tool for implementing
F8W. The central element of the developed tool is a wireless
autonomous data collection system. The latter is based on
an inertial measurement unit, a sensor system with a neural
network and a processing unit, and a Portenta H7 controller,
which combines the advantages of technological integration
and artificial intelligence.

The inertial measurement unit consists of gyroscopes,
accelerometers, and inclinometers (Mykytyuk et al., 2024).
These components work together to give us a complete un-
derstanding of the student’s movement over the distance. Us-
ing such a unit provides continuous measurements, making
them ideal for tracking movement or body segments in space,
for calculating position, speed, and orientation over time.

A distinctive feature of the wireless autonomous data
collection system is its flexibility to changing operating
conditions, which is critical in dynamic environments.
This ensured accurate measurements during the student’s
movement while performing F8W.

The combination of sensors in the inertial measurement
unit is implemented at several levels based on artificial
intelligence: obtaining data from several sensors, integrating
processed data from different sensors, and combining
conclusions made by individual sensor systems (Mykytyuk
etal.,, 2021).

The next element of the developed analytical
programmable tool for implementing F8W is a system of
sensors with a neural network and a processing unit, which
are located along the test distance. The sensor system
includes acoustic sensors, spatial position sensors, and
proximity sensors. Such a system is an intelligent source
of information of a new generation, characterized by high
accuracy and stability of measurements at any distance and
under any conditions.

The new original Portenta H7 controller is one of the
latest platforms focused on low power consumption, high
computing power, machine learning capabilities, and real-
time communication. The Portenta H7 design involves the
use of machine learning algorithms and streaming video.
A distinctive feature of Portenta H7 is its high performance
and computing speed.

The developed analytical programmable tool for F8W
implementation is used as follows (fig. 2.). An inertial mea-
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Fig. 2. Scheme of Figure-of-8 Walk implementation using a: 1 - student, 2 - inertial measurement unit,
3 - sensor system, with a neural network and processing unit, 4 — microcontroller platform, 5 - infrared
communication lines, 6 - PC

Table 1. Reliability of the of the F8W for students who had suffered war-related injuries (n = 28)

Test tasks stepping and measurement results

Statistical parameters F8WT time ( sec) F8WT steps (number) Pace (number/sec)
T DT T DT T DT
M 8.55 8.22 15.7 14.4 1.83 1.75
S 1.31 0.73 2.11 1.92 0.29 0.35
V (%) 29.4 21.7 27.5 20.1 31.0 20.5
Rtt

reliability 0.401 0.902 0.352 0.855 0.378 0.885
validity 0.255 0.599 0.227 0.581 0.217 0.613

surement unit is placed on the body of the student perform-
ing F8W. In real time, signals measuring the student’s accel-
eration, speed, and position are transmitted via Bluetooth.
As the student moves along the distance, the sensor system,
with a neural network and processing unit, records informa-
tion about the student’s movement along the distance in real
time and transmits it to the microcontroller platform.

The central computing element of the developed
device is the Portenta H7 microcontroller platform, which
performs the functions of collecting test parameters from the
inertial measurement unit and sensor system with flexible
activation, data buffering support, wireless transmission,
and adaptation to various conditions of use.

The wireless autonomous data collection system,
having received the initial control data during the student’s
performance of the F8W, provides their visualization on
the PC screen, auditory feedback through voice outputs, or
vibrotactile feedback to the inertial measurement unit.

In the second stage of our research, the developed
analytical programmable tool for implementing F8W was
tested in practice. The empirical data obtained are presented
in Table 1.

According to the data obtained, which underwent
statistical verification, the effectiveness of using the analytical
programmable tool for implementing F8W is confirmed by
the numerical values of the correlation coefficient (Rtt),
which were found to be “high” in determining the reliability
and validity of F8W.

In contrast, when the results were recorded with a
stopwatch, the reliability and validity values of F8W for

students who had suffered war injuries were at the «low»
and «acceptable» levels.

Discussion

The level of physical activity is determined by factors
that determine the quality of life related to the health status of
various categories of individuals, such as military personnel
(Krushynska, Kohut & Goncharenko 2023; Leland et al.,
2016), veterans with disabilities (Brittain & Green, 2012;
Caddick & Smith, 2014; Shirazipour, Aiken & Latimer-
Cheung, 2017), individuals with blast TBI (Lorenz et al.,
2018; Blavt & Gurtova, 2024). In turn, we agree with our
own research (Pellerin, Wilson & Haegele, 2022; Kuntjoro et
al., 2022; Lieberman, Houston-Wilson & Grenier, 2024) that
the quality of inclusive physical education is recognized as a
factor in restoring students’ health.

Ourresearchis supported by information that innovative
technologies currently play an important role in inclusive
physical education (Toto et al., 2024; Li, 2025; Adeleye, Eden
& Adeniyi, 2024). We agree with the opinion (Alashram,
Padua & Annino, 2022; Jamieson & Wijesundara 2025;
Chaparro-Cérdenas et al., 2018) that the use of innovative
technological tools, in particular AI (Rosa, 2025; Chao,
Yi, Min & Long, 2024), has the potential to improve the
management of complex injuries and conditions, making it
more efficient and effective (Brassel et al., 2021; Pilipovi¢ et
al., 2025).

According to the results of research (O’'Neil et al., 2019;
Romeu-Mejia, Giza & Goldman, 2019), the introduction of
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innovative technologies into the process of restoring bodily
functions lost as a result of trauma has been expanded. These
technologies make it possible to individualize this process
(Farid et al., 2020; Vander Vegt et al., 2022) and objectify
functional assessment (Marmor et al., 2022; Santilli et al.,
2025; Wellons et al., 2022) based on individual monitoring
(Blavt et al., 2023; Jagos et al., 2017; Zhong et al., 2025).
Thus, information on vestibular rehabilitation (Galeno et
al., 2022; Jantz, Davies & Bigler, 2014; Kalderon et al., 2024)
and gait parameter control as a correlator of the vestibular
apparatus (Thorman et al., 2022; Wellons et al., 2022; Blavt
et al., 2024).

Our study is consistent with information (Willingham
et al., 2024; Kalderon et al., 2024) on the formation of
research directions that will shape the future of strategies for
the precise care of people with disabilities. In particular, Al
is emerging as a promising tool for addressing these issues
(Rosa, 2025; Jones, DeRuyter & Morris, 2020), including in
rehabilitation after TBI (Pilipovi¢ et al., 2025).

We support scientific approaches (Jamieson &
Wijesundara 2025; Santilli et al., 2024; Zhou et al., 2024)
that the dynamic relationship between Al and the health
recovery process of people with disabilities continues to
evolve, offering future opportunities to increase inclusiveness
in physical education for students based on monitoring and
assessment data (Wu et al., 2025; Perdomo & Gonzalez,
2025; Vasco Delgado et al., 2025).

The reliability of F8W has been investigated in
populations of older adults (Hess et al., 2010; Coyle et al.,
2020; Nualyong & Siriphorn, 2022); adults aged 60-69
years of different gender groups (Jude & Muskaan, 2024);
with stroke (Wong, Yam & Ng, 2013; Horata et al., 2025;
Kim & Lim, 2012), in neurological disorders (Triolo et al.,
2025), with Parkinson’s disease (Lowry et al., 2022; Soke et
al., 2023); with multiple sclerosis (Fatih et al., 2022; Katirci
Kirmaci et al., 2023).

F8W was tested for the first time to monitor the mobility
of students who had suffered war-related injuries in inclusive
physical education, and an intelligent programmable tool
developed for F8W was also used for the first time.

Conclusions

War is usually associated with life-threatening situations,
which in turn cause a whole range of injuries to both military
and civilian personnel. In the current war with russia, many
Ukrainian military and civilians are injured, in particular as
a result of blast waves or artillery shells. The war in Ukraine,
which has been going on for more than 10 years, despite
being a significant and ambiguous layer of history, is a
driving force for science.

To ensure the reliability of F8W in inclusive physical
education in terms of impartiality and timeliness of control
data, an analytical programmable tool has been developed
for students who have suffered injuries as a result of the
war. The design solution of the analytical programmable
tool presented in the work involved the use of an inertial
measurement unit and a microcontroller platform using
machine learning. We used the combination of sensors in a
measuring unit based on artificial intelligence and machine
learning as a modern, powerful approach to maximizing
the advantages, with the possibility of local execution of

algorithms for recognizing student movement patterns
during exercise.

The research proved that the developed tool for analyzing
the mobility parameters of students who have suffered war
injuries in real time is characterized by excellent accuracy
and reliability of measurements. The effectiveness of F8W
measurement was confirmed based on statistical analysis.
At the same time, the low level of reliability and validity
of measurements using traditional means has been proven,
which is obviously due to the influence of the human factor.

In conclusion, we have grounds to conclude that the
introduction of modern technologies into the process of
monitoring inclusive physical education of students who
have suffered war-related injuries has significant advantages
over traditional methods of recording test results.
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Merta foCHifI>)KeHHA 1I071ATa/la B YCTAHOB/IEHHA JOCTOBIPHOCTI TeCTy Xomb0u 3a cxeMoro «Bicimka» Y iHK/IIO3MBHOMY ¢isny-

HOMY BUXOBaHHi 3 BUKOPMCTAHHAM PO3POOIEHOr0 aHAIITUYHOTO IIPOTPAMHOTO 3aC00Yy.

Marepian Ta Mmerogu. JJocifiKeHHs peasi3oBaHO Ha TEOPETMYHOMY Ta eMIipuyHoMy piBHi. Ilemaroriunmii excrepuMeHT

nepep6adaB BUKOPUCTAHHS TeCTY X0fp0u 3a cxemoro «Bicimkar. [JocmimpkyBaHa Bubipka ckmafanach i3 28 cryfeHTiB 1-ro Kypcy
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Iic/1s1 71eTKOI BMOYXOBOI YeperHO-MO3KOBOI TPAaBMII Ta IIC/Is /1erKol BIOYX0BOI YeperrHo-MO3KOBOI TPaBM, YCKIIAJHEHO aKy0o-
POTpaBMOI0, sIKi HAOy/IM TpaBMU BHACTITOK BilTHN.

PesynbraTu. PesynbTaTy HaIlIOro HAyKOBOTO IOLIYKY IPEACTAB/ISIEMO Y pO3pO0/IEHOMY aHA/IITHYHOMY IIPOrPaMOBAHOMY 3a-
co0i 1 peaisalil TecTy XonbOu 3a cxeMomo «BiciMkar. IleHTpaIbHUM €IeMEHTOM KOTPOTO € 0e3pOTOBa aBTOHOMHA CHCTeMa
360py HaHuX, siKa H0OygoBaHa Ha 6a3i iHepLiTHOrO BUMIPIOBaIbHOTO O/IOKY, CUCTEMM JATUYMKIB 3 HelfpoMepesxero, 610Ky 00poOKu
Ta KoHTponepyPortenta H7 J1 sika akyMy/iIo€ repeBary TeXHOJIOTiYHOI iHTerpallii Ta INTYYHOTO iHTE/IEKTY.

IHepIiitHMIT BUMipIOBaIbHUI O/I0K PO3MIIIYETHCA HA TiMi CTY/IeHTa, AKNI BUKOHYE TECT xonbbu 3a cxemow «Bicimka». B
peanbHOMY 4aci CMTHaIM BUMipIOBaHHA NPMCKOPEHH:, MIBUAKOCTI Ta MOJOXKEHHA CTY[eHTa 3 HACTYIIHOIO Iepefiadyelo JaHMUX
yepes inTepderic Bluetooth. IIpu nepecyBanHi cTymeHTa 0 AMCTaHIi], CHCTeMa JaTYNKIB, 3 HeipoMepeXkero Ta 6710KOM 06po6KM
¢ixcye indopmaiiio, Ipo mepemillileHHs CTy/leHTa 110 AMCTaHIil B pea/IbHOMY 4aci Ta Iepefjae Ha MiKpOKOHTPO/IEpHY IIaTHOpMy
Portenta H7, sika Bukonye ¢yHkuii 360py iHdopmaii 3 iHepIiilHOro BUMipi0Ba/bHOrO 610Ky Ta CUCTeMU AATYMKIB 3 THYYKOIO
akTMBaIniew. besgporoBa aBTOHOMHA cycTeMa 300py HAHMX OTPUMABIIN BMXIifHI HaHI KOHTPOIO IPY BUKOHAHHS CTYEHTOM
TecTy, 3abesneuye iXHIO Bisyaisaliio Ha eKpaHi IepCOHANBHOIO0 KOMIT I0Tepa.

BifoBigHO [0 OTpUMMAaHMX JAaHUX, L0 HPOMIININ CTATUCTUYHY NepeBipKy, eeKTUBHICTh BUKOPUCTAHHA aHAIITUIHOTO
IIPOrpaMOBaHOro 3acoby i pearisanii TecTy Xoab6u 3a cxeMoro «BiciMKa»3acBiI4eHO YMCIOBUMM 3HAUEHHAMM IOKa3HMKIB
HaIifIHOCTI Ta Ba/liJHOCTI Ha piBHi «BMCOKMUI» BogHOYac ycTaHOBIEHO HM3bKNII piB€Hb HafIifIHOCTI Ta BaTiJHOCTi BMMipIOBAaHb 3
BUKOPUCTAHHAM TPAAMIiTHNX 3aCO0iB BHACII/IOK BIUINBY TIOACHKOTO YMHHIKA.

BucHoBku. PeanizoBaHuMm JOCIIPKEHHAM [OBEEHO, 1[0 po3pobieHnit 3aci6 st aHaJIi3y mapaMeTpiB MOOGITbHOCTI CTyJIeH-
TiB, AKi OTpUMa/yM TPaBMM BHACTILOK BillHM, B PEXJMi P€aJIbHOIO 9aCy XapaKTePU3YETbCA BUCOKMM PiBHEM [JOCTOBIPHICTI BU-
MipIOBaHb 3 BUKOPUCTAHHIM TeCTy XOf;b011 3a cXxeMoIo «BiciMKa» Ta Mae 3Ha4Hi TlepeBary MOPiBHAHO 3 TPARULIITHUMI METOAMU
¢ikcarii pesy/nbTaTiB TeCTyBaHHS.

KrouoBi cmoBa: cTyfieHT, TpaBMu BiltHu, (isuuHe BUXOBaHHA, iHK/II03iA, KOHTPOJIb, TECTYBaHH:A, TeCT XOIbOU 3a CXeMOI0
«BiciMka», HOCTOBIpHiCTb.
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Abstract

Background. The integration of digital media, particularly video-based technologies, has become an important
element of contemporary education. While teachers’ attitudes toward digital media are well researched, students’
attitudes toward the use of video in physical education remain underexplored. Existing instruments capture only
selected components of attitudes and do not fully represent the cognitive, affective, and behavioral structure.
Therefore, a validated and comprehensive instrument is needed to assess students’ attitudes toward video-based

media in PE.

Objectives. To develop, refine, and validate a questionnaire measuring students’ attitudes toward the use of video-
based media in physical education, based on an extended Technology Acceptance Model (TAM).

Materials and Methods. The initial questionnaire consisted of 33 items covering cognitive, affective, and behavioral
attitude components. A sample of 202 eighth-grade students (M = 13.26; SD = 0.54) participated. A series of
confirmatory factor analyses (CFA) was conducted to optimize the factor structure. Internal consistency (w, a), factor
loadings, model fit indicators (CFI, RMSEA), and convergent/discriminant validity were evaluated.

Results. The final scale includes 21 items forming a three-component structure: cognitive (w = .74), affective

(w =.81), and behavioral (w = .87). The factor model demonstrated acceptable fit (CFI = .82; RMSEA = .10).
Significant correlations among subcomponents confirmed convergent validity, while the absence of substantial
associations with demographic characteristics supported discriminant validity.

Conclusions. The developed scale is a reliable and valid instrument for comprehensively measuring students’
attitudes toward the use of video-based media in physical education. It can be applied in future research on
technology acceptance and in designing pedagogical interventions aimed at optimizing the use of video in PE lessons.
Keywords: physical education, video-based media, attitudes, scale validation, Technology Acceptance Model,

questionnaire.

Introduction

As it is true for almost every aspect of our everyday
life, digital media influences the culture of human motion,
play, and sport. Consequently, physical education (PE)
lessons that are centered on the daily life of students must
strongly consider the use of digital media, particularly
since the digitization of schools is now established as
a cross-sectional task at an international level (KMK,

© Beege, M, Roth, A.-C., Bergmann, J., & Schréder, B., 2025.

@ PETM
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2016). This way, educational institutions are addressing
their social responsibility of promoting competencies that
enable learners to participate responsibly, confidently,
and actively in the digitalized world (KMK 2021, p. 6).
Whereas media usage increased massively in the last two
decades (Rideout & Robb, 2020), the impression that the
young generation generally has a positive attitude towards
the use of digital media in school and likes to use it for
learning purposes may be outdated (Oblinger & Oblinger,
2005). Research has shown that this is a rather superficial
view of children’s and adolescents’ attitudes towards the
use of digital media at school, and researchers demand a

1435



ISSN 1993-7989. elSSN 1993-7997. ISSN-L 1993-7989. Physical Education Theory and Methodology. Vol. 25, Num. 6

more nuanced consideration of these interconnections
(Jones et al., 2010). Therefore, the examination of media-
related attitudes is gaining importance as a prerequisite for
empirically testing intended effects in this area. The didactic
relevance of students” attitudes towards the use of video-
based media in physical education unfolds both in and
out of school: From the knowledge of students’ attitudes
and their genesis, consequences for the didactic staging of
the use of video-based media in physical education can be
derived. In addition, it has not yet been clarified to what
extent the reference to movement in the subject of physical
education influences the attitudes of the students, so that the
question of subject-specificity and generalizability of their
genesis cannot yet be answered on the basis of evidence.
Since digital media plays a central role in this extracurricular
culture today (e.g., Wendeborn, 2019), the media-related
attitudes of students do not only concern media use in
school contexts, where the choices are often limited by the
lesson design and the framework conditions. In terms of
promoting physical activity, findings also indicate that the
sports-related media use of young people has an increasing
influence on the amount of sports activity (Braumiiller &
Hartmann-Tews, 2017). In recent years, computer-related
attitudes of students have been examined increasingly (e.g.,
Petko et al., 2018). The results provide evidence that media
use in school can positively influence students’ attitudes
towards digital media. Nevertheless, the findings show that
students’ attitudes toward media use at school are not as
fundamentally positive as previously assumed (Jones et
al., 2010). Although previous research shows ambiguous
results, it seems that the media-related attitudes of students
are a relevant criterion for media use within and outside of
school contexts (Al-Qaysi et al., 2020; Grani¢ & Marangunic,
2019) and are therefore the target perspective of media
didactic efforts. However, there is a significant research gap
concerning the topic of students’ attitudes towards digital
media in PE.

Studies on the use of digital media in PE are characterized
by a great heterogeneity in the operationalized goals of
media use in PE, ranging from physical, social, cognitive
to affective goals. However, despite thorough research,
we are not aware of any reliable data on the quantity of
media use in PE lessons. The connection between digital
media and physical goals of physical education, which is
probably the most dominant goal level in PE overall, has
been researched the most (Jastrow et al., 2022). With regard
to the development of physical goals in digitally supported
PE, a distinction can be made between two categories:
increasing physical activity and developing sport-specific
skills (Jastrow et al., 2022). In many cases, it has been shown
that increasing physical activity through the use of digital
media in PE lessons is often unsuccessful, whereas the
development of sport-specific skills with the help of digital
media can often be successful under suitable conditions.
Feedback and demonstration videos are primarily used, with
video feedback being the best researched for motor learning
(e.g., Modinger et al.,, 2021). The underlying theory is the
motor approach, based on the information theory approach,
according to which movement representations can be
stored centrally and retrieved as needed (Schmidt, 1975).
During the learning process, movement representations
are reinforced and parameterized (Modinger et al., 2021).

Both forms of video use for motor learning are forms of
learning via video modelling. Feedback videos differ from
demonstration videos in that they can be described as ‘a
form of observational learning with the distinction that the
observed and the observer, object, and subject, are the same
person’ (Dowrick, 2012). This form is therefore also referred
to as video self-modelling (Casey & Jones, 2011; O’'Loughlin
et al., 2013). Therefore, the term video-based media
includes both feedback and instructional videos and thus
distinguishes itself from activity enhancement technologies
such as trackers etc. in the context of the physical goals of
media use in PE. Based on this, digital media is specified as
video-based media in this study.

Attitudes and Attitude Measurement

A key part of the study is the psychological construct of
attitude. Attitudes are general evaluations that can refer to
oneself, others, or objects and situations (Mummendey &
Grau, 2014) and are based on experience. Attitudes consist of
a cognitive, an evaluative (affective), and a behavioral com-
ponent, with an emphasis on the evaluative component of at-
titude (Rosenberg & Hovland, 1960). In accordance, attitude
is defined as a learned tendency to evaluate classes of objects
or people ‘favorably’ or ‘unfavorably’ as a function of one’s
beliefs and feelings (Zimbardo & Gerrig 1996, p. 521). In
this multidimensional attitude construct, the cognitive com-
ponent refers to a person’s beliefs, thoughts, and knowledge
about video-based media in PE (e.g., usability, usefulness).
Thus, this dimension refers to cognitive representations of
the world that can be true or false, influencing a person’s
behaviors (Cuéllar, 2022). The evaluative component is often
used synonymously with the term “attitude” itself, leading
to ambiguities and misinterpretations (Johnson et al., 2022).
However, in line with the cognitive (and behavioral) dimen-
sion, the affective dimension is only on aspect of the whole
construct of the attitude. The evaluative component refers to
a person’s emotional response or feeling towards the video-
based instruction (favorable or unfavorable), reflecting favor
or disfavor along an evaluative continuum (Johnson et al.,
2022). The behavioral component refers to a person’s tenden-
cy toactin a certain way towards video-based media (e.g., the
actual use of or engagement with video-based digital media).
While attitudes are formed through a combination of cogni-
tion, emotion, and behavior, and are automatically activated
upon exposure to the entity in question (Jain, 2014), they
are naturally interrelated (Fishbein & Ajzen, 1977), leading
to medium and even high correlations or regression analytic
effect sizes (e.g., Farley & Stasson, 2003).

There have been numerous studies on students’
attitudes toward PE (e.g., Li et al., 2014; Ntovolis et al.,
2015; Subramaniam & Silverman, 2000). Most of these
studies focus on the influence of PE-related attitudes and
participation in extracurricular sports, with students’
attitudes towards media use in PE not playing a role so far.
For example, research shows that positive attitudes toward
PE can help students create healthy, active lifestyles that
extend beyond adolescence (Haible et al., 2019) and into
adulthood (Subramaniam & Silverman, 2007). Regarding
the changeability of PE-related attitudes, it appears that they
can be influenced by meaningful experiences, relationships,
and increased self-efficacy (Digelidis et al., 2003).
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Attitudes are explicitly measured with subjective
measures (semantic differentials or short statements)
rated on scales (Hair et al., 2019). These ratings provide
information about how people are attuned/disposed with
respect to defined topics. However, measurements of
attitudes in the context of PE and video-based media use
have been conducted rudimentarily and with only a few
items (Davis, 1989; Venkatesh et al., 2012). The most popular
instrument for assessing students’ attitudes toward PE, the
SAtPE (Students Attitudes Toward Physical Education
Questionaire; Subramaniam & Silverman, 2000), works with
a two-component view on attitudes, involving cognitive and
evaluative components (usefulness and enjoyment), and
includes a total of 20 items (Subramaniam & Silverman,
2000). Thus, it measures only a subset of possible variables
that can be assigned to the evaluative or cognitive component
and does not consider the behavioral component. It has been
used in numerous studies with secondary school students,
and an adapted version is available for elementary school
students (Phillips & Silverman, 2012). From a psychological
perspective, using a more comprehensive questionnaire that
covers all components of the attitude construct in more
detail is appropriate (Zimbardo & Gerrig, 1996).

Media Related Attitudes

In the context of PE, recently there have been numerous
studies on various aspects of digital media, including
exemplary studies on the Digital Video Games Approach
(Price et al., 2022), the use of digital media in elementary
school (Greve et al., 2022), and the motivational effects of
digital media on students in PE (Mackenbrock & Kleinert,
2023). However, empirical findings on students’ attitudes
toward video-based media in PE are lacking, and students’
technology-related attitudes and beliefs, as well as their
genesis, have not been comprehensively clarified (Petko et
al., 2018). However, technology acceptance models (TAM;
Davis, 1989; Venkatesh, et al., 2012; Alsharida & Hammond,
2021), developed based on the Theory of Planned Behavior
(Fishbein & Ajzen, 1977), suggest that attitudes play a central
role in predicting future media-related actions (see Figure
1). Therefore, the study employs the Technology Acceptance
Model (TAM), which will be discussed in more detail.

Perceived
External Usability \
Variables

. Intention
Attitude of Use Use

Perceived
Usefulness

Fig. 1. Technology Acceptance Model (own representation)

The TAM servesasabasisforvalidating students’ attitudes
toward the use of video-based media in PE for two reasons:
(1) the model outlines that external variables can influence
the emergence of attitudes, and (2) the TAM can reflect the
three-component structure of the psychological construct of
attitudes. According to the TAM, external variables affect the
cognitive component of attitudes that are reflected in terms
of perceived usability/usefulness in prior TAM versions.

This cognitive component affects the evaluative component.
Considering general ambiguities regarding the definition
of the evaluative component of attitudes discussed above,
this evaluative facet is often defined as “attitude” in prior
TAM versions. The evaluative component further affects the
behavioral component (intention to use and actual use).

However, previousTAMsshowinconsistencies,especially
regarding the conceptualization and dimensionality of
attitudes (e.g., Davis, 1989; Park, 2009). For example, the
evaluative component is synonymously referred as “attitude”
although this is merely a partial component of the actual
attitude. Furthermore, prior research provided little focus
on this evaluative component of the attitude, which is only
partially addressed in individual studies (Al-Rahmi et al.,
2021), although it can be of crucial importance (Rosenberg
& Hovland 1960). In the “unified theory of acceptance and
use of technology model” developed based on the TAM
(e.g., Chao, 2019), not all three components of attitude
are explicitly surveyed as well. In particular, the cognitive
component is not explicated. Thus, it is difficult to make
comprehensive statements about the influence of attitudes
on usage behavior. Doubts about the general validity of
the model are increasingly expressed, and the necessary
adaptations to the respective application context are
demanded (Al-Emran & Granic, 2021). Therefore, the TAM
was updated in the context of this study to capture students’
attitudes toward video-based media use in PE. To do so,
additional sub-constructs have to be taken into account and
should be explicitly included in the TAM. Every attitude
component was enriched by additional sub-constructs in
order to holistically assess all relevant aspects of the attitude
dimensions. All relevant constructs are thus, described and
discussed below.

Relevant Scale Constructs

Attitude components, as well as most sub-constructs,
are based on research on attitudinal constructs from a
psychological perspective, in addition to previous research
regarding the TAM. However, since this study has a strong
focus on PE, additional variables need to be considered.

Cognitive Component

First, the cognitive component was divided into
“perceived usefulness” and “perceived usability” (obtained
from prior TAM versions; e.g., Park, 2009) since perceived
usefulness as well as usability served as major influencing
variable on intention to use or course acceptance in prior
research (e.g., Selim 2003). Further, studies on the media-
related attitudes of PE teachers revealed subject-specific
characteristics that have to be included as a sub-construct of
the cognitive component because they might be relevant for
students as well. There is a belief that PE should primarily
serve physical activity (motion preference or primacy of
movement; Roth, 2022). Consequently, the use of video-
based media might disrupt the goals of PE since media
reception could leave less time for the activity. In this
context, the teacher plays a central role in guiding the focus
by means of individual feedback (Mddinger et al., 2021).
Consequently, both teachers and students may doubt that
video-based instruction is appropriately designed for sport-
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related instructional purposes because the lack of individual
feedback by the teacher cannot be compensated for by
feedback options provided by videos. Thus, the variables
“motion preference” and “adequate design” were included
as well.

Evaluative Component

There was a focus on the evaluative component of the
attitude since prior research often neglected this component
(e.g., Al-Rahmi et al., 2021). Consequently, the evaluative
component was included, and both positive and negative
evaluations were considered. Positive evaluation is defined
as positive affective attitudes towards video-based media
use, negative evaluation is defined as negative affective
attitudes. Both variables were considered separately since
students might have both, positive affections and negative
affective attitudes towards differentiated aspects regarding
video use in PE which would be not visible within one single
scale (e.g., Cacioppo, 1994). The evaluative component
was explicitly included since Park (2009) found that the
evaluative component mediated the relationship between
the cognitive and behavioral component.

Behavioral Component

The behavioral component encompasses the intended
use rather than the actual use. Students do not have
autonomy over the use of media, as this is determined by the
teachers. Therefore, the students’ perspective is insufficient,
given their limited or decision-making power in this context.
Consequently, it is crucial to emphasize that the behavioral
component can only be considered to a limited extent.

To summarize, the main goal of this study is to
develop an instrument that can validly survey the attitudes
of students towards the use of video-based media in PE.
In this vein, the latent construct of this attitude with its
components will be operationalized in order to use this
instrument in subsequent studies to, for example, analyse
structural relationships between attitude dimensions or to
test which variables determine the attitude. An example of
how these variables can be included in the TAM is presented
in Figure 2.

Attitude |

Behavioral
Component

Evaluative
C

Cognitive
Ci

Usefulness
Usability

Extgmal Intention
Variables Adequate . of Use
Design N :
E
Motion
Preference

Positive
Evaluation

Fig. 2. Adapted Technology Acceptance Model

Materials and Methods

Scale Development

There is evidence that rating scales are useful in recent
studies on (general) attitude measurement (e.g., Reschke &
Jude, 2022) and can explicitly account for all dimensions
through specific item formulation. It must be considered
that attitudes may be implicit; however, it is possible that
effects of social desirability regarding sensitive topics
prevent attitude measurement from being bias-free when
using differentials (Garms-Homolova, 2020). Nevertheless,
attitudes regarding media use or attitudes toward media
content can be considered non-sensitive constructs, which
recommend the use and sensitivity of semantic differentials
(SD) (Neumann et al., 2018). Since we aimed to measure a
specific attitude, attitude toward video-based media use in
PE, an appropriate scale was created and validated following
recommendations from various methodologists (e.g.,
DeVellis & Thorpe, 2022).

In the first step, the authors developed 33 items: 17
items for sub-facets of the cognitive component, 8 items for
sub-facets of the evaluative component, and 8 items for the
behavioral facet (see Appendix A). These items measured
the cognitive facet (perceived usefulness, perceived usability,
adequate design, motion preference), the evaluative facet
(positive and negative evaluation), and the behavioral
facet (intention of use). This was preceded by an extensive
literature review regarding the TAM. The authors referred
to prior literature (e.g., Park, 2009; Natasia et al., 2022) to
formulate the items as precisely as possible. Additionally,
new items were created to include constructs relevant to
PE didactics (i.e., motion preference). In this regard, PE
didactic publications with regard to attitudes towards the
use of digital media in PE were reviewed (e.g., Roth, 2022) to
create adequate items. According to this literature research,
each subscale mostly consisted of two to four items, as
prior research outlined that constructs could be measured
reliably even with a short number of items (Davis, 1989;
Venkatesh et al., 2012). Items were adopted and, in some
cases, reformulated to reflect the context of video-based
media. The term video-based media is not differentiated
in the questionnaire with regard to video feedback, so
that in addition to video feedback the term also includes
other video-based aspects. One example are demonstration
videos, which are increasingly finding their way into PE as
an alternative to “demonstrating” movements. Each item
presented a short statement (e.g., “Videos are not useful for
physical education.”). The participants assessed the items
based on a 5-point Likert-type scale (1 = fully agree; 2 =
tend to agree; 3 = neutral; 4 = tend to disagree; 5 = do not
agree at all).

Data Curation

The questionnaire was validated using a sample of
secondary school students. This sample has high practical
relevance for the research questions to be investigated
because these students actively and regularly attend PE
classes. Overall, 202 8th-grade students (Mean age = 13.26;
Age Standard Deviation = 0.54) participated in the study.
Forty-nine percent of the participants were female. Students
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were recruited from secondary schools in and around the
cities of Freiburg and Dortmund. This sample was chosen
because scale validation with a confirmatory factor analysis
(CFA; Lance & Vandenberg, 2002) requires large sample
sizes. In line with recommendations from methodologists
(e.g., Koran, 2016), a ratio of 8-11:1 (participants to items)
was used to determine the appropriate sample size for the
CFA. Since three separate CFAs were conducted (for the
cognitive component, the evaluative component, and the
behavioral component), a sample size of 202 participants
was adequate for CFAs with a maximum of 17 items.

Data were collected using two methods: (1) Since
some secondary schools did not have a sufficient internet
connection, the questionnaire, including all items, was
provided in a paper-pencil format. (2) The questionnaire
was also made available digitally using the open-source
survey software LimeSurvey. During regular school lessons,
students were given either the printed or the digital version
of the questionnaire. Prior research outlined mode effects
regarding the administration of surveys as paper pencil
tests vs. digital tests, most differences emerge in terms of
completion or response rate (e.g., Weigold et al., 2019) and
in terms of data quality for sensitive or personal questions
(e.g., Swartz et al., 2007). However, since teachers were
present in order to ensure that every student worked on the
questionnaire till the end and since no sensitive questions
were asked, we argue that mode effects were negligible for
this questionnaire.

Initially, students provided their informal consent for
participation and were instructed about the study’s purpose.
Afterward, demographic data were collected. Before the
participants completed the main questionnaire, a sample item
was presented to instruct how a rating scale should be used.
Subsequently, the participants answered the questionnaire
with all 33 items. All instructions are displayed in Appendix
B. The entire study took approximately 10-15 minutes. Since
questionnaires were presented in a paper-pencil format,
some students inadvertently skipped items, for example, by
accidentally skipping a page during the study. Overall, data
from 16 students were incomplete. Seven participants skipped
one or more single items without a systematic pattern and
nine participants skipped a page. To avoid excluding these
subjects, multiple imputation was conducted (Murray, 2018)
to fill in missing data. For this, all available variables were
used as predictors, as well as the variables that needed to be
imputed. Using a linear imputation model, five iterations
were conducted, and the mean values of these iterations were
used to fill in the missing values.

Analysis Plan

Four confirmatory factor analyses (CFAs) were
performed using maximum likelihood estimation. CFAs
were conducted for the cognitive component (four potential
factors: perceived usefulness, perceived usability, adequate
design, motion preference), the evaluative facet (two
potential factors: positive and negative evaluation), and
the behavioral component (one-factor model: intention
of use). It was assumed that the factors were correlated.
Varimax rotation was applied. Based on the results of the
factor loadings, items were selected to be included in the
final questionnaire for model validation. In general, it

is assumed that an item can be deleted due to (1) a poor
factor loading (< 0.50; Mertler & Vannatta, 2001), and/or (2)
cross-loadings (> 0.40, considering a sample size of around
200; Hair et al., 2009). The Comparative Fit Index (CFI)
and the root mean square error of approximation (RMSEA)
were reported for each analysis. Values greater than 0.90 are
usually interpreted as an acceptable fit and values greater
than 0.95 are interpreted as good fit for the CFI (Bentler,
1990). Concerning the RMSEA, the value should not exceed
the cut-off 0.10 (Browne and Cudeck, 1992).

After conducting the CFAs, the remaining items of the
subscales were examined in terms of reliability. In line with
current developments regarding scale development, internal
consistency was conducted as reliability score (McDonald’s
w; McDonald, 1999, or Cronbach’s a; Cronbach, 1951, when
only two items remained since w can only be computed for
three or more items).

Finally, an overall CFA was conducted using maximum
likelihood estimation to check if the three attitude
components (3 factors) are reflected as significant factors
with regard to the final items. Again it was assumed that the
factors were correlated.

To further investigate validity of the scale, the validity
concept of the AERA (2014) was applied. According to the
authors, validity is the measure “to which evidence and theo-
ry support the interpretation of test scores for proposed uses
of tests” (AERA, 2014, p. 11). Thus, validity is not understood
as a property of a test, but as a criterion regarding the admis-
sibility of test score interpretations, which in turn depend
on the intended use of the test (Hartig et al., 2020). With the
test instrument to be developed, we intended to measure the
components of the attitude towards the use of video-based
media in PE in order to use this instrument in future studies
to assess relations between the components and to investi-
gate how relevant variables affect the components. With this
goal in mind and following the argumentation-based valid-
ity concept of Kane (2013), we aimed to test for construct
validity. Since no other (related ort unrelated) scales were
implemented, validity can only be investigated exploratory.
In this vein, the sub-constructs from all attitude components
were correlated to examine convergent validity. Since prior
research outlined medium to large correlations between the
attitude components (e.g., Farley & Stasson, 2003), corre-
lation analyses aimed to replicate these effects to interpret
convergent validity. Discriminant validity was carried out
regarding demographic variables: gender, age, type of school.
This approach was chosen since prior research outlined that
demographic variables like gender and age only marginally
correlate with attitudes towards physical education (e.g., Luke
& Sinclair, 1991; Lepir et al., 2010) as well as media use in
education (e.g., Ramirez-Correa et al., 2015). Thus, it was to
be expected that no relevant correlations would occur here (r
< .25; Greiff et al.,, 2015) which can be interpreted as support
for discriminant validity. However, it has to be mentioned
that results regarding secondary students (based on the TAM
or not) are rare. The Pearson correlation coefficient was used
and interpreted according to the conventions from Senthilna-
than (2019; 0 < r < 0.20: negligible; 0.20 < r < 0.35: weak but
considerable; 0.35 < r < 0.50: moderate; 0.50 < r < 0.70: strong;
0.70 < r < 1: very strong).

The final scale (after item exclusion) with all item
characteristics can be found in Table 1.
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Table 1. Descriptive values and factor loadings of the items of the confirmatory factor analysis for all attitude components.

Mean (SD . Inter-item Factor
Factor/Item [Di ﬂicfﬂ ty)] Skewness Kurtosis ootk Iy

Cognitive component

Factor 1 (usefulness)

Videos will improve learning in Physical Education classes. (UF2) 3.69 (1.00) -0.43 -0.35 .58 .51
[0.74]

The content of Physical Education classes is unsuitable for video-based 3.82 (1.00) -0.57 -0.34 .58 .98

teaching. (UF4) [0.76]

Factor 2 (usability)

It’s easy to learn how to use videos in Physical Education. (U2) 3.22(1.03) 0.003 -0.47 .70 .63
[0.64]

The use of videos in physical education is complicated. (U3) 3.25(1.12) -0.16 -0.67 .70 .88
[0.65]

Factor 3 (adequate design)

I see the most important things better when someone shows them to me 3.45 (1.12) -0.19 -0.70 .81 .50

than when I watch a video. (AD3) [0.69]

I would rather be taught sports by real teachers than by videos. (AD4)  3.51 (1.13) -0.16 -0.87 .69 .85
[0.70]

I think videos are just as good as teachers in providing knowledge in 3.09 (1.11) -0.17 -0.45 .80 .55

sports. (AD5) [0.62]

Teachers can convey information in physical education much better than 3.62 (0.97) -0.09 -0.59 72 .81

videos. (AD6) [0.72]

Factor 4 (motion preference)

When we use videos in gym class there is less time for me to move. 3.31(1.17) -0.22 -0.83 48 .50

(MP1) [0.66]

I exercise less when I watch videos in gym class. (MP3) 2.91 (1.28) 0.10 -1.06 48 .78
[0.58]

Affective Component

Factor 1 (positive evaluation)

I think it’s good that videos are used in Physical Education. (PE1) 3.21(1.21) -0.21 -0.83 74 .85
[0.64]

Learning things about sports with a video is a good idea. (PE2) 3.41(1.17) -0.30 -0.66 71 77
[0.68]

I don't see anything positive about videos in Physical Education. (PE3)  3.53 (1.17) -0.54 -0.51 .58 .61
[0.71]

Factor 2 (negative evaluation)

I don't think videos in Physical Education are bad in general. (NE1) 2.55(1.18) 0.46 -0.55 47 98
[0.51]

The use of videos in Physical Education does not cause any particular ~ 2.42 (1.12) 0.35 -0.65 47 42

dislike in me. (NE2) [0.48]

Behavioral Component

Factor 1 (intention of use)

I would like to know more about videos in Physical Education. (IU2) 2.91(1.31) 0.05 -1.12 .50 .54
[0.58]

I wonder why I should continue to engage with videos in Physical 3.08 (1.32) -0.05 -1.09 48 .51

Education. (IU4) [0.62]

I would like to see more videos in Physical Education class. (IU5) 3.07 (1.32) -0.13 -1.07 .76 .84
[0.61]

In the next Physical Education lesson, I would like to see a video. (IU6) 2.84 (1.32) 0.09 -1.10 74 .80
[0.57]

My teacher should not use videos in Physical Education. (IU7) 3.26 (1.31) -0.31 -1.03 75 .82
[0.65]

I don't want videos to be used in Physical Education. (IU8) 3.34 (1.41) -0.32 -1.19 74 .80
[0.67]
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Results

Cognitive Component

The CFA included 17 items (four for perceived usefulness,
four for perceived usability, six for adequate design, and three
for motion preference). Bartlett’s test of sphericity (Bartlett’s
x*(136) = 1385.94, p < 0.001) confirmed the sample fit for
factor analysis, CFI = .82, RMSEA = .10. Overall, 49.40%
of the variance could be explained considering the factor
structure. The entire rotated factor matrix is displayed in
Appendix C. The data revealed that the postulated factor
structure could not be supported. Consequently, the entire
scale was reworked. Eight items were deleted (two items
for perceived usefulness, two items for perceived usability,
two items for adequate design, and one item for motion
preference). In Appendix C, these variables are marked in
red. Consequently, these items were removed from the scales.
An updated CFA with the remaining 10 items confirmed the
sample fit for factor analysis (Bartlett’s x*(45) = 772.86, p
< 0.001) with 62.43% of the explained variance, CFI = .97,
RMSEA =.06. The entire rotated factor matrix is displayed in
Appendix C. Reliabilities of the subscales were satisfactory: a
= .74 for usefulness, a = .82 for usability, w = .82 for adequate
design, and a = .75 for motion preference. The inter-item
correlations were in acceptable range.

Evaluative Component

The CFA included 8 items (four for positive evaluation,
four for negative evaluation). Bartlett’s test of sphericity
(Bartlett’s x*(28) = 821.85, p < 0.001) confirmed the sample
fit for factor analysis, CFI = .91, RMSEA = .14. Overall,
56.05% of the variance could be explained considering the
factor structure. The entire rotated factor matrix is displayed
in Appendix D. The data revealed that three items (one item
for positive evaluation, two items for negative evaluation)
did not fit the postulated factor structure. In Appendix
D, these variables are marked in red. Consequently, these
items were removed from the scales. An updated CFA with
the remaining 5 items confirmed the sample fit for factor
analysis (Bartlett’s x*(10) = 343.31, p < 0.001) with 62.80% of
the explained variance, CFI = 1.00, RMSEA = .00. The entire
rotated factor matrix is displayed in Appendix D. Reliabilities
of the subscales were satisfactory for positive evaluation: w =
.83. However, it should be noted that reliability for negative
evaluation was slightly restricted: a = .64. The inter-item
correlations were in acceptable range.

Behavioral Component

The CFA included 8 items for intention of use (one-
factor structure). Bartlett’s test of sphericity (Bartlett’s x*(28)
= 837.41, p < 0.001) confirmed the sample fit for factor
analysis, CFI = .77, RMSEA = .22. Overall, 46.07% of the
variance could be explained considering the factor structure.
The unrotated factor matrix is displayed in Appendix E
(since no rotation could be conducted for one factor). The
data revealed that two items did not fit the postulated factor
structure. In Appendix E, these variables are marked in red.
Consequently, these items were removed from the scales.
An updated CFA with the remaining 6 items confirmed the

sample fit for factor analysis (Bartlett’s x*(15) = 600.55, p
< 0.001) with 53.51% of the explained variance, CFI = .92,
RMSEA = .16. The updated factor matrix is displayed in
Appendix E. The reliability of the scale for intention of use
was satisfactory: w = .87. The inter-item correlations were in
acceptable range.

Overall CFA

The overall CFA included the remaining 21 items.
Bartlett’s test of sphericity (Bartlett’s x*(186) = 593.24, p <
0.001) confirmed the sample fit for factor analysis, CFI =
.82, RMSEA = .10. Overall, 56.65% of the variance could
be explained considering the factor structure. The entire
rotated factor matrix is displayed in Appendix F. Overall,
the factor loadings were acceptable. Please note that negative
factor loadings for motion preference, adequate design
and negative evaluation arise since items are formulated
inverse in contrast to the other constructs. Reliabilities of
the subscales were satisfactory: w = .74 for the cognitive
component, w = .81 for the evaluative component, and w =
.87 for the behavioral component.

Validation

The correlation matrix is displayed in Appendix G.
All correlations reached significance. Within the attitude
components, sub-facets correlated with at least considerable
effect sizes. For example, perceived usability and usefulness
showed a large correlation (r = 0.52). Perceived usefulness
and usability showed significant negative correlation with
design concerns and motion preference (-0.48 < r < -0.33),
indicating a fit with theoretical assumptions. Furthermore,
there are at least medium effect sizes between the attitude
components. High scores on variables in the cognitive
component are thus associated with high scores in the
evaluative (|r| > 0.34) as well as behavioral component (|r|
> 0.47). The same pattern could be observed with regard
to the correlations between the evaluative and behavioral
component (|r| = 0.47). In summary, convergent validity
could be assumed. Discriminant validity could be assumed
as well since all correlations between the attitude dimensions
and the demographic variables were: |r| < 0.23.

Discussion

Results have shown that the created scale sufficiently
tulfills all relevant quality criteria. All sub-scales exhibited
high reliability, with the exception of negative evaluation,
which had slightly lower reliability, as will be discussed in
the limitations section. These findings indicate a high level of
measurement accuracy. The presence of sufficient inter-item
correlations further supports this claim.

Regarding the scale’s validity, two procedures were
adapted. First, factor analyses revealed that consistent
sub-facets were defined within attitude components, and
these sub-facets individually contributed to each attitude
component. Second, exploratory correlation analyses
demonstrated that convergent and discriminant validity
could be assumed, as significant correlations of considerable
sizes were found. However, additional studies need to be
conducted to utilize further scales and compare them with
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the subscales used here in order to strengthen assumptions
about validity. With regard to the results this exploratory
study, it can be argued that the scale created is reliable and
valid for measuring attitudes toward (video-based) media
use in PE.

The strength of the scale lies in its multidimensional
approach to recording attitudes, bridging the fields of PE
didactics and psychology. Furthermore, the sub-facets of the
attitude components havebeen specified and optimized based
on research regarding the TAM, psychological research, and
concepts from PE didactics. This ensures that the scale is
optimally adapted to the didactical context. The results can
serve as an encouragement to initiate intervention studies
based on the validated scale. The scale has been shown
to be reliable and valid, and thus, can be used to further
investigated media related attitudes in physical didactics.
As discussed, media use, particularly video feedback, holds
great instructional potential for motor learning in PE (e.g.,
Modinger et al., 2021). Additionally, the attitudes of students
towards the use of video-based media in PE should be a
relevant focal point.

The educational significance of students’ attitudes toward
using video-based media in physical education is evident
both within and outside the school setting. Insights into
these attitudes and their development can inform how video-
based media is integrated into physical education lessons.
Moreover, the extent to which the movement component
in physical education influences students’ attitudes remains
unclear, leaving open the question of whether these attitudes
are specific to the subject or generalizable. The use of the
questionnaire can help to make didactic decisions that take
into account any existing scepticism about the use of digital
media in physical education lessons by students. It also
makes it possible to map the extent to which interventions
can change attitudes towards the use of video-based media
in PE lessons.

Limitations and Future Research

Four methodological limitations need to be discussed.
Firstly, the reliability of the negative evaluation scale was
relatively low. This might provide an additional explanation
for the absence of a connection between negative evaluation
and the intention of use. Future research could focus on
delve into individual relationships within our model and
measure each construct with more items and to reformulate
the negative evaluation scale. However, since we aimed
to examine the model as a whole, we measured each sub-
construct with only a few items to avoid overwhelming the
secondary students.

Second, the items were formulated with regard to
“video-based” media. We choose this approach to ensure that
students could actually have a comparable association, and
not just use the abstract term “media”, where each student
could have their own association of what is meant. Thus,
future research could replicate our finding by using different
media in the context of PE. Since our items were formulated
in a way that the term “video-based” could easily be replaced
with another term without changing the wording in general,
this might be a promising approach for future research.

Third, no external scales were used to validate the
instrument. Validity could thus, only exploratory be

analyzed by correlating dimensions of the attitude with each
other and with demographic variables. Follow-up studies
should build on these exploratory analyses. Future studies
should further validate the overall structure of the scale with
confirmatory factor analyses and validity should be verified
with additional scales related (or unrelated) to the developed
scale.

Fourth, the behavioral facet could only be considered toa
limited extend since students do not have autonomy over the
use of media. Consequently, only the intention of use could
be considered. Further studies should foster on additional
samples. For example, teachers could be investigated. The
scale could therefore, be adapted and an additional sub-scale
for the actual use could be integrated.
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Appendix A: Original Questionnaire with 33 Items

Code

Original Item

Translated Item

Cognitive component: usefulness

UF1
UFE2

UF3

UF4

Videos sind nicht niitzlich fiir den Sportunterricht.

Videos werden den Lernerfolg im Sportunterricht
verbessern.

Videos machen es einfacher, die Inhalte des Sportunterrichts
zu lernen.

Die Inhalte des Sportunterrichts sind fiir videobasierte
Lehre ungeeignet.

Videos are not useful for Physical Education.

Videos will improve learning in Physical Education classes.
Videos make it easier to learn the content of Physical Education.

The content of Physical Education classes is unsuitable for
video-based teaching.

Cognitive component: usability

Ul
U2

U3

U4

Videos sind im Sportunterricht einfach zu nutzen.

Es ist leicht zu lernen, wie man Videos im Sportunterricht
nutzt.

Die Bedienung von Videos im Sportunterricht ist
kompliziert.

Man kann schnell wie man Videos im

Sportunterricht nutzt.

lernen,

Videos are easy to use in Physical Education classes.

It’s easy to learn how to use videos in Physical Education.
The use of videos in Physical Education is complicated.

You can quickly learn how to use videos in Physical Education.

Cognitive component: adequate design

AD1

AD2

AD3

AD4

AD5

AD6

Auf Videos kann ich wichtige Aspekte des Unterrichts
moglicherweise nicht erkennen.

Die Gestaltung von Videos fiir den Sportunterricht stelle
ich mir schwierig vor.

Ich sehe die wichtigsten Sachen besser, wenn sie mir
jemand zeigt, als wenn ich ein Video schaue.

Ich mochte lieber von echten Lehrer*innen, als von Videos
im Sport unterrichtet werden.

Ich finde Videos genau so gut wie Lehrer*innen bei der
Wissensvermittlung im Sport.

Lehrer*innen kénnen im Sportunterricht deutlich besser
Informationen vermitteln, als Videos.

I may not be able to see important aspects of the lesson on
videos.

I consider the design of videos for Physical Education to be
difficult.

I see the most important things better when someone shows
them to me than when I watch a video.

I would rather be taught sports by real teachers than by videos.

I think videos are just as good as teachers in providing
knowledge in sports.

Teachers can convey information in Physical Education much
better than videos.

Cognitive component: motion preference

MP1

MP2

MP3

Wenn wir Videos im Sportunterricht nutzen bleibt mir
weniger Zeit, mich selbst zu bewegen.

Videos im Sportunterricht sorgen dafiir, dass ich mich auch
selbst mehr bewege.

Ich treibe weniger Sport, wenn ich mir Videos im
Sportunterricht ansehe.

When we use videos in Physical Education there is less time for
me to move.

Videos in Physical Education make me move more.

I exercise less when I watch videos in Physical Education.

Evaluative component: positive evaluation

PE1

PE2

PE3

PE4

Ich finde es gut, dass Videos im Sportunterricht eingesetzt
werden.

Mit einem Video Sachen iiber Sport zu lernen ist eine gute
Idee.

Ich kann den Videos im Sportunterricht nichts Positives
abgewinnen.

Ich bin mir nicht sicher, ob ich den Videos im
Sportunterricht gegeniiber positiv gestimmt bin.

I think it's good that videos are used in Physical Education.
Learning things about sports with a video is a good idea.
I don’t see anything positive about videos in Physical Education.

I'm not sure I'm positive about the videos in Physical Education
class.

Evaluative component: negative evaluation

NE1

Ich finde Videos im Sportunterricht nicht prinzipiell
schlecht.
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Appendix A (continued). Original Questionnaire with 33 Iltems

Code Original Item Translated Item
NE2 Der Einsatz von Videos im Sportunterricht ruft bei mir The use of videos in Physical Education does not cause any
keine besondere Abneigung hervor. particular dislike in me.
NE3 Ich finde Videos im Sportunterricht nicht gut. I don’t think videos are good in Physical Education class.
NE4 Ich bin dem Einsatz von Videos im Sportunterricht Iam negative about the use of videos in Physical Education.

gegeniiber negativ gestimmt.

Behavioral component: intention of use

U1 Ich mochte mich gerne zum Videoeinsatz

Sportunterricht informieren.

102 Zu Videos im Sportunterricht wiirde ich gern mehr wissen.

1U3 Ich finde es nicht interessant mich weiter mit Videos im

Sportunterricht zu beschiftigen.

1U4 Ich frage mich, warum ich mich weiter mit Videos im

Sportunterricht beschaftigen sollte.

U5 Ich mochte mehr Videos im Sportunterricht sehen.

U6 In der néchsten Sportstunde mdchte ich ein Video sehen.

U7 Meine Lehrer*in sollte keine Videos im Sportunterricht
einsetzen.

1U8 Ich will nicht, dass Videos im Sportunterricht eingesetzt
werden.

I would like to get information about the use of video in Physical
Education.

I would like to know more about videos in Physical Education.

I would not find it interesting to continue dealing with videos in
Physical Education.

I wonder why I should continue to engage with videos in
Physical Education.

I would like to see more videos in Physical Education class.
In the next Physical Education lesson, I would like to see a video.

My teacher should not use videos in Physical Education.

I don’t want videos to be used in Physical Education.

Appendix B: Overview about all instructions

“Students’ Attitudes Towards the Use of Video-Based
Digital Media in Physical Education (EdiSU)”

With the ongoing process of digitalization, digital
teaching and learning resources are becoming increasingly
important. This applies not only to classroom lessons but
also to physical education. Videos, in particular, are often
used in physical education. With this survey, we aim to
find out what your attitudes are towards the use of video-
based digital media in physical education. The survey will
take approximately 15 minutes. In addition to information
about yourself (e.g., gender and age), we will ask about your
attitudes towards the use of video-based digital media in
physical education. The results will be evaluated completely
anonymously, meaning that your responses cannot be traced
back to you. The questionnaires you fill out will only be
processed by us as project staff and will not be published later.
Some of the questions may seem very similar or identical at
times. This is because we need to determine which wording
is best suited for our study. Therefore, please try to answer
all the questions.

Thank you very much for your cooperation!

Information About You

What gender do you identify with?

How old are you?

Which grade are you in?

What type of school do you attend?

What is the name of your school?

Do you have any special educational needs?
If yes, which?

Filling in the Questionnaire

You are about to read several statements. Please assess
to what extent these statements apply to you personally.
There are no right or wrong answers. Simply follow your
first impression as you read the statements. You will rate the
statements on a scale that ranges from ‘Strongly agree’ to
‘Strongly disagree’ Just mark the option that applies to you.

Here is an example:

Stimme voll | Stimme eher . ; Stimme eher | _ Sﬂmme.
teils / teils ) Gberhaupt nicht
und ganz zu zu nicht zu 2u

I like eating pizza.

If you fully agree with the statement T like eating pizza,
then mark ‘Fully agree’ If you mostly like eating pizza, then
mark ‘tend to agree’ If you like eating pizza sometimes and
sometimes not, then mark ‘Neutral, and so on.

Again, there are no right or wrong answers; just follow
your first impression. Please mark your choices clearly. If you
need to make a correction, fill in the box with the incorrect
mark completely, and place your mark in another box.

You can now turn the page and start the questionnaire.
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Appendix C: Rotated Factor Loadings of
the CFA for the Cognitive Component

After Item Exclusion

Factors
Before Item Exclusion 1 2
Factors PE1 851 -.265
1 2 3 4 PE2 .769 -.304
UF1 .385 -.133 484 -.395
UF2 642 ~150 254 _162 PE3 610 --145
UF3 552 -139 -.104 -.268 NE1 -.186 982
UF4 .755 .001 234 -.089 NE2 -.300 422
Ul -.263 170 -.184 395 Extraction: Maximum Likelihood; Rotation: Varimax with Kaiser-
U2 356 -156 750 -077 Normalization
U3 295 -.181 .707 -.280
U4 375 -.159 231 -.126
ADI -.449 .336 -.190 -.011 Appendix E: Factor Loadings of the CFA
AD2 -510 247 111 203 for the Behavioral Component
AD3 -.265 .502 -.108 213
AD4 2209 807 -230 124 Before Item Exclusion
AD5 -.075 514 -363 191 Factor
AD6 -.173 .798 -.093 .209 1
MP1 -.147 287 -.200 532 U1 483
MP2 .024 312 -.462 127 U2 580
MP3 -.147 127 -.121 .709
Extraction: Maximum Likelihood; Rotation: Varimax with Kaiser- U3 A78
Normalization U4 518
1U5 .839
After Item Exclusion U6 785
Factors U7 815
1 2 3 4
UR2 ~239 289 511 " 161 18 797
UF4 -.064 181 976 -.100 Extraction: Maximum Likelihood
U2 -.246 .629 341 -.089
U3 -.226 .882 .184 -.245 After Item Exclusion
AD3 502 -.165 -.150 223 Factor
AD4 .850 -.176 -.136 126 1
AD5 .545 -.279 -.067 .158
AD6 812 -.081 -.075 .160 U2 43
MP1 328 -137 -.165 504 U4 513
MP3 155 -.143 -.076 783 1U5 .841
Extraction: Maximum Likelihood; Rotation: Varimax with Kaiser-  [yg 797
Normalization U7 816
Appendix D: Rotated Factor Loadings of U8 .801

the CFA for the Evaluative Component Extraction: Maximum Likelihood

Before Item Exclusion

Factors
1 2
PE1 672 -.485
PE2 597 -.544
PE3 763 -.148
PE4 462 -.176
NE1 -.176 .664
NE2 -.208 .545
NE3 -.834 296
NE4 -.739 .396
Extraction: Maximum Likelihood; Rotation: Varimax with Kaiser-

Normalization
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Appendix F: Factor Loadings for the Overall CFA

95% Confidence Intervall

Factor Loading SE z-value p Lower Upper
Factor 1 UF2 0.550 0.068 8.149 <.001 0.418 0.682
UF4 0.500 0.069 7.237 <.001 0.365 0.635
U2 0.698 0.066 10.596 <.001 0.569 0.828
U3 0.802 0.071 11.376 <.001 0.664 0.940
AD3 -0.596 0.076 -7.804 <.001 -0.745 -0.446
AD4 -0.780 0.073 -10.682 <.001 -0.924 -0.637
AD5 -0.664 0.073 -9.053 <.001 -0.807 -0.520
AD6 -0.610 0.065 -9.444 <.001 -0.737 -0.484
MP1 -0.666 0.079 -8.472 <.001 -0.820 -0.512
MP3 -0.599 0.088 -6.772 <.001 -0.772 -0.425
Factor 2 PE1 1.031 0.070 14.786 <.001 0.895 1.168
PE2 1.014 0.066 15.324 <.001 0.885 1.144
PE3 0.696 0.077 9.020 <.001 0.545 0.847
NE1 -0.602 0.080 -7.556 <.001 -0.758 -0.446
NE2 -0.491 0.077 -6.340 <.001 -0.642 -0.339
Factor 3 102 0.681 0.089 7.677 <.001 0.507 0.855
1U4 0.703 0.089 7.939 <.001 0.529 0.876
U5 1.105 0.076 14.462 <.001 0.955 1.255
106 1.029 0.079 12.956 <.001 0.873 1.184
107 1.056 0.078 13.539 <.001 0.903 1.209
1U8 1.161 0.083 14.013 <.001 0.999 1.324

Appendix G: Correlation matrix for all attitude components and sub-facets

behavioral

cognitive component affective component
component

adequate movement positive negative

A . . __intention of use
design preference evaluation evaluation

usefulness usability

cognitive component  usefulness - .52% -.33% -.32% .53% -37* AT7*
usability - -.48% -.39% .65% -.40% .66%
adequate design - 45% -.65% -.40* .66*
movement preference - -.55* .34 -.50%
affective component  positive evaluation - -.48* 79%
negative evaluation - - 47*

behavioral component intention of use -

Pearson correlation coefficients are displayed; *p < .05

e of
sex age ts};ll)mol
cognitive component usefulness -13 .01 -.23%
usability -13 .01 -.08
adequate design .15% .02 .01
movement preference .03 .06 .07
affective component positive evaluation -.06 -.02 -.09
negative evaluation .16* -.03 .20*
behavioral component intention of use -.14* -.03 -12

Pearson correlation coeflicients are displayed; *p < .05
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Po3po6neHHA Ta Banignsayia iHCTpymeHTy
ANA OLiHIOBaHHA CTaB/IEHHA YYHIB 10 BUKOPVNCTaHHA
Bifeo-6asoBaHNx megia y pismuHOMY BUXOBaHHI

Maik Bere'*®P, Aune-Kpictin Por'4?P, fIua Beprmanu®“?, bpirra lllpenep*-"

'®paitbyp3bKuil eJaroriYHmit yHiBepcuTer
*Texuiunnii yHiBepcureT JJOpTMYyH/a,

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

Pedepar. Crarrs: 15 c., 1 Tab., 2 puc., 70 mxeper.

IcTopis muranHsa. Bukopucranusa nudpoBux Menia, 30KpeMa Bieo-6a30BaHMX TEXHOJOTIN, CTa€ BaXX/IMBOK CKIaOBOIO
CY4aCHOT'O OCBiTHbOTO Ipouecy. X04a CTaB/IEHHs BYUTEIIIB JJO 1 POBUX TEXHOJIOTIiT AKTUBHO TOCIIiIKY€ETbCA, CTAaB/IEHHS YIHIB
IO 3aCTOCYBaHH: Bifieo y Gpi3sNYHOMY BUXOBAHHI 3a/IMIIAETHCA MATOZOCTIIKeHNM. HasiBHI iHCTPyMeHTH OL[iHIOBaHHS OXOILTIO-
IOTh JIVIIE OKPeMi KOMIIOHEHTH CTaBJ/IEHHS Ta He BiJOOPaXKa0Th MOBHICTIO KOTHITMBHMIL, eMOLIITHNUI i IOBEIIHKOBUIT aCIIEKTHL.
ITe cTBOpIOE MOTpPEDY Y BajilOBaHOMY BUMipIOBa/IbHOMY iHCTPYMEHTI, AKMII BifloOpaXkaB 61 KOMIIEKCHY CTPYKTYPY CTaBIeHHS
Y4HIB JI0 Bifleo-6a30BaHMX Mefiia.

Mera. Po3poOuTy, yEOCKOHAMNTI Ta BajiAM3yBaTH OMMUTYBAIbHUK [/ OL[HIOBAHHS CTAB/ICHHS Y4HIB /IO BUKOPUCTAHHS
Bifjeo-6a30BaHNUX Mefiia Ha YpOKax (i3ndHOI KyIbTypH, 6a3yI0uNch Ha PO3LIMPEHiil MOAeNI NpuitHATTs TexHomoriit (TAM).

Marepianu i meTogu. [TogaTKoOBY Bepcito ONMTYBa/IbHUKA CKIaa/u 33 IyHKTH, 10 OXOIUII0Ba/IN KOTHITYBHNIA, acbeKTMBHI/H?I
i MoBeiHKOBNUIT KOMIIOHEHTY CTaB/IeHH:A. Y JOCTi/pKeHH] B3 ydacTb 202 yuHi 8-x knacis (M = 13.26; SD = 0.54). Bymo npose-
IeHO cepilo miATBepKyBanbHUX (akTopHux aHamiziB (CFA) ais ontumisanii crpykrypu incTpymenTta. OLiHIOBaIM BHY TPILIHIO
Y3TO/PKeHICTh miamkan (w, o), GaKTopHi HaBaHTa)KeHH:, BinnoBifHicTs Mopenelt kputepisam CFI Ta RMSEA, a TakoX KOHBep-
TeHTHY Vi JUCKPYMiHAaHTHY BaJliIHIiCTb.

Pesynpraru. ITicia ontuMisariii iHCTpyMeHT BKIo4ae 21 MyHKT, 1[0 GOPMYIOTh TPMKOMIIOHEHTHY CTPYKTYPY: KOTHITMBHUI
(w=.74), adbexTnBHUI (0 = .81) Ta HOBexiHKOBUI (W = .87) KoMIOHeHTH. [ToKasHMKN HAKTOPHOI MOZIEIi CBifYaTh PO IIPMITHSIT-
Hy BipnosiguicTs fanum (CFI = .82; RMSEA = .10). BusiBnieHo sHauy1i Kopesuii Mi>k CYOKOMIIOHEHTaM! CTaBIeHHs (KOHBep-
TeHTHA BaJIIHICTD) Ta BifICy THICTb 3HAYYIIVX 3B 5I3KiB i3 fleMorpadiuHnMm XapakTepucTuKamMu (FUCKpUMiHAaHTHA BaIiHICTB).

BucHoBku. Po3po6eHnit iHCTPyMEHT € HaAiiiHIM 1 BaIiTHUM 3aCO60M J/Is1 KOMIUIEKCHOTO BUMIPIOBaHHS CTaBJIEHHs YYHIB
10 BUKOPUCTAHHsI Bifieo-6a30BaHMX Mefiia Ha ypokax (isndHoi KynbTypu. Bin Moske 6yTyH BUKOPUCTAHUIT /IS MOJAJIBIINX JO-
CITiZPKEHb IPUIHATTS TEXHOJIOTIN Ta /1A IVIAHYBAHHA ITelarOTiYHMX iHTEPBEHIIil, CIPAMOBAHMX Ha ONTUMIi3allil0 BUKOPUCTaHHA
BiJIeO B OCBITHbOMY IIPOIIECI.

KirouoBi croBa: ¢isnaHa Kynsrypa, Bifeo-06a30BaHi Mefjia, CTaBlIeHHs, BaIIAM3a1{is [IKA/IN, MOJe/b IIPUITHATTS TEXHOJIOTIL,
ONNUTYBaNTbHUK.
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Abstract

Background. Agility, defined as the physical attribute that enables individuals to swiftly alter their direction, is
assessed through various tests, including body type assessments and sport-specific evaluations. It encompasses
rapid alterations in the entire body, movements, and limb orientation. Agility plays a pivotal role in sports such as
basketball, soccer, and racquetball, where prompt directional changes and precise body control are indispensable.
Notably, the 505 test stands as the most reliable agility test, exhibiting a correlation with acceleration but not with
speed. It monitors both speed and agility development. However, the prohibitive cost and accessibility challenges
associated with the timing gate technology in Indonesia restrict its widespread application. Consequently, local sports
practitioners continue to employ conventional stopwatches for their assessments.

Objectives. The objective of this study was to develop a low-cost timing gate prototype that will be validated and
approved by local users in Indonesia. The study evaluated the agreement between the 505 Agility Test measures,
which utilize a stopwatch and a timing gate device that was constructed by the authors of the present study.
Materials and Methods. The test protocol was administered to 40 fifth-semester students (9 females and 31 males)

from the physical education study program in Indonesia.

Results. The timing gate prototype was 0.19 seconds faster than the stopwatch measurement results (p <0.05). The
prototype has also demonstrated excellent reliability. The Intraclass Correlation Coefficient (ICC) was found to be
0.920, with a 95% Confidence Interval (CI) of 0.848-0.958. Bland-Altman plots revealed a good level of agreement

with the prototype.

Conclusions. The findings indicate that the timing gate prototype is a potential replacement with a low cost for
measuring timing results from conventional 505 agility tests using a stopwatch.

Keywords: 505 agility test, agility, timing gate, prototype.

Introduction

The physical ability to quickly change direction is
known as agility (Lockie et al., 2003; Lockie et al., 2017;
Spencer et al., 2005). Several types of tests can be used to
measure the agility of an athlete, including a variety of body
types and sport-specific tests (Firdausi & Simbolon, 2021).
Agility was traditionally defined as the ability to change

© Chaeroni, A., Huda, A., Sombolon, M. E. M.,
Firdausi, D. K. A., Pebriandani, C., & Andristi, G., 2025.

@ PETM
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direction quickly and accurately, but some authors have
defined agility as a change in the direction of the entire body
as well as rapid movements and changes in the direction of
the limbs (Sheppard & Young, 2006). Agility is the ability
to change the position and direction of the body quickly
and efficiently (Hoeger, 2008). Agility is a rapid change in
the direction or speed of the whole body in response to an
activity that requires a stimulus (Dawes & Roozen, 2012).
Agility is one of the most commonly measured variables
during athlete performance testing (Miranda et al., 2016).
Agility is important in sports such as basketball, soccer,
and racquetball, where participants must change direction
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quickly and also maintain proper body control (Hoeger,
2008). The 505 test is the most valid agility test because it
produces the highest correlation with acceleration in the
reverse phase of the test; however, this test is not highly
correlated with speed (Sheppard & Young, 2006). The
purpose of this test is to monitor the development of the
athlete’s speed and agility (Mackenzie, 2008).

The procedure for implementing the 505 agility test
requires assistance in operating a stopwatch (Mackenzie,
2008). The innovation called the timing gate basically
already exists, but this technology is still difficult for
people in Indonesia to reach. The electronic timing gates
(Witty Timer, Bolzano, Italy) for 2,012.4 pounds sterling
was employed in earlier research (Balsalobre-Fernandez et
al., 2019; Stojanovi¢ et al., 2019). An electronic timing gate
(PR1aW, Alge-Timing GmbH, Austria) with an accuracy
of one hundredth of a second used in previous studies,
costs 482.5 euros only for one part photocell (Htlka et
al., 2018). Another study measured agility using a Brower
timing system (Brower Timing System, Salt Lake City, UT,
USA) costing USD 1,358 (Spasic et al., 2013). The purchase
price of this technology is expensive and must be imported
from abroad, so sports practitioners still take conventional
measurements using a stopwatch.

Although infrared distance measuring technology has
been widely employed in a variety of scientific sectors, it
is currently underutilized in the field of sports testing and
assessments. Infrared sensors are currently being employed
in the construction of measuring devices on a national scale
(Pribadi & Haryono, 2011). The leg power measurement
gadget that uses infrared technology has a high validity value
and a very high reliability value, according to statistical cal-
culations (Haryono & Pribadi, 2012). This demonstrates how
infrared technology may be used and developed in sports
testing and monitoring. The aim of this research is to cre-
ate a low-cost timing gate product. So that this timing gate
product can be accepted by local users, we tested its validity.

Materials and Methods

Study Participants

The sample consisted of 40 fifth-semester students (9
female and 31 male) from the physical education study
program at in Indonesia. Ethical approval has been obtained
from the review board of the research and community service
institutions of Padang State University and Muhammadiyah
University of Bangka Belitung. With number 02.01/KEPK-
UNP/IL. The sample understands well the procedures for
carrying out the 505 agility test.

Test Protocol

The 505 agility test is used to assess an athlete’s speed
and agility when performing a 180-degree turn (Mackenzie,
2008). The following (Figure 1) is the procedure for
performing the 505 agility test with the timing gate system:
(1) Athletes line up 10 meters from the laser timing system
sensor device at the starting line; (2) Athletes sprint from
the starting line to the 10-meter line (using a laser timing
system) (at this distance the athlete increases speed); (3)
The timer will begin automatically when the athlete passes

Start and Stop
timing gate
@ 0)

Fig. 1. The track of 505 agility test

the laser on the 10-meter line; (4) The athlete runs to the
15-meter line (turn line), then circles back to the starting
line; (5) The timer will automatically stop when the athlete
passes the laser on the 10-meter line again; and (6) The time
is recorded as a result of the 505 agility test. Meanwhile,
measurements are carried out with a stopwatch operated by
an experienced tester.

Data Collection and Analysis

We evaluated the agreement between the 505 Agility
Test measures using a stopwatch that we utilized and a timing
gate device that we constructed. Reliability between timing
gate and stopwatch product readings based on the intraclass
correlation coefficient (ICC) (Manson et al., 2014; Peebles
et al., 2018). If the ICC value between measurements was
greater than 0.50, the tested measuring device was considered
to have appropriate stability; if it was greater than or equal
0.80, it was considered to have high stability (Rusdiana et
al,, 2021). A 0.9 ICC rating was considered excellent, a 0.9
to 0.75 value was considered good, a 0.75 to 0.5 value was
considered moderate, and a value less than 0.5 was considered
poor (Koo & Li, 2016; Peebles et al., 2018; Rusdiana et al.,
2021). The paired t-test was performed to identify the two
differences measurements mean performance (Parente et al.,
2019; Perrotta et al., 2023; Rusdiana et al., 2021). A statistical
tool called the Bland-Altman plot is used to compare two
measurement methods (Alzahrani et al., 2015; Bravi et al.,
2023; Hui et al., 2018). A Bland-Altman Plot can be used for
this assessment (Bian et al., 2022). Bland-Altman analysis
shows systematic error (bias) of the measurement results
(Bruzzo et al., 2020; Gupta et al., 2009; Maeda et al., 2023;
Stitt et al., 2021). SPSS (Version 26) was used for all statistical
analysis, with significance set at 0.05.

Results

The laser-assisted 505 agility test instrument product
is made according to the initial planning and design. The
product is made up of several parts, including a laser
transmitter and receiver (Figure 2), and a smartphone
application (Figure 3).

The Transmission Control Protocol/Internet Protocol
(TCP/IP) facilitates communication between sensor de-
vices and applications on smartphones. The Transmission
Control Protocol/Internet Protocol (TCP/IP) suite is a fun-
damental set of communication protocols that underpin
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(a) (b)

Fig. 2. Laser Receiver (a) and Transmitter (b)

the Internet and private networks, including intranets and
extranets (Feng et al., 2025). It consists of multiple layers,
each with its own set of protocols, such as Wi-Fi, IP, TCP,
and HTTP, which work together to facilitate data trans-
mission (Alsahli et al., 2024). TCP/IP is designed to en-
sure reliable, ordered, and error-free data delivery between
client and server (Moradiya & Popat, 2024). The signal is
transmitted from the smartphone application to the sensor
through the server, indicating that the sensor is prepared
for operation. Upon the testee’s commencement of jogging
and upon crossing the ten-meter mark, the sensor transmits
a signal to initiate timing via the server to the smartphone
application. Similarly, when completing a 180-degree turn at
the 15-meter mark and passing the sensor at the ten-meter
mark, the sensor transmits a signal through the server to the
smartphone application to halt and log the testee’s time. The
smartphone application presents time in milliseconds, sec-
onds, and minutes. So that the outcomes of the testee’s travel
throughout the 505-agility test may be objectively assessed.

00:00:00

Fig. 3. The app display on smart phone

Table 1. The 505 agility test data description

505 Agility Test
Stopwatch The Prototype
(Test 1) (Test 2)
n 40 40
Mean 3.15 2.96
Median 3.05 3.02
Mode 3.04 3.01
Standard Deviation 0.73086 0.55472
Range 2.97 1.99
Minimum 2.05 2.05
Maximum 5.02 4.04
Sum 126 118.64

Table 2 shown the timing gates product has excellent
reliability (ICC = 0.920) on average measures with 95%
Confidence Interval (CI = 0.848 - 0.958). Meanwhile, in
single measures with 95% Confidence Interval (CI = 0.736
- 0.918) the timing gates product has strong correlation
(ICC = 0.851). values between 0.75 and 0.9 indicate strong
correlation or good reliability (Kerdaoui et al., 2021;
Moradiya & Popat, 2024).

Table 2. The intraclass correlation coeflicient

Tt redles 95% Confidence Interval
Correlation [ ywer Bound Upper Bound
Single Measures .851 0.736 0.918
Average Measures 920 0.848 0.958

Based on the findings of the investigation utilizing the
paired t-test (Table 3), there is a significant difference (p
<0.05) between the measurement results using timing gates
product and stopwatch.

Table 3. The paired samples test

Paired Differences

Mean -0.18400
Std. Deviation 0.35386
Std. Error Mean 0.05595
95% Confidence [ gyer -0.29717
Interval of the
Difference Upper -0.07083
t -3.289
df 39
Sig. (2-tailed) 0.002

Figure 4 shows Bland-Altman plots with bias of differ-
ence (mean diff = 0.184), upper limit (+1.96 SD = 1.750),
and lower limit (-1.96 SD = -1.382). The Bland-Altman test
results show good agreement between measurements. Inter-
observer agreement tests on measurements of 40 samples
between the prototype and stopwatch for 505 agility tests
showed that there were differences in mean differences.
However, a difference of >95% means it is still within that
area (mean + 1.96 SD). These results indicate that the use of
timing gates prototype has a high level of stability.

Deferrence (Test 1 and Test2)

200 250 300 350 400 450

Mean (Test 1 and Test 2)

Fig. 4. The Bland-Altman Plots of 505 Agility Test Using
Stopwatch (Test 1) and Timing Gate Prototype (Test 2)
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Discussion

Based on the results of the paired t-test, differences were
found between the measurement results using a stopwatch
and the timing gate prototype. The timing gate prototype is
0.19 seconds faster than the stopwatch measurement results.
We determined that a human mistake during the stopwatch
operation during the 505 agility test was the cause of this.
When compared between measurements using a timing
gate and a stopwatch, it shows that measurements using a
stopwatch have an average error of 0.17 seconds (Hribernik
et al.,, 2021). The average measurement result using the
prototype timing gate is 2.96 seconds. According to other
studies, the average 505 agility test score was 2.7 seconds
(Sonesson et al., 2020). The results of other studies show an
average test result of 4.32 seconds (Stojanovi¢ et al., 2019).
Differences in subjects influence differences in 505 agility
test results, the criteria for agility measurement results must
be adjusted to the characteristics of each subject.

The timing gates prototype has excellent reliability (ICC
= 0.920), these results are in accordance with several previous
studies. In 505 agility test measurements, prior research em-
ploying a timing gate (Browser TC Timing System, Biederitz,
Germany) established an ICC = 0.85 (Kadlubowski et al.,
2020). After assessing 505 agility tests using an electronic tim-
ing system (Microgate, Bolzano, Italy) and a test-retest meth-
od, it was discovered that ICC = 0.80 (Kerdaoui et al., 2021).
Similarly, reported ICC of 0.92, 0.82, and 0.88 (Bakaldr et al.,
2020; Hopper et al., 2017; Sonesson et al., 2020). Lastly, there is
a great degree of stability when using a timing gate prototype.
The Bland-Altman test results provide good agreement across
measurements, and the mean discrepancies between the pro-
totype and stopwatch for the 505 agility tests are shown in the
inter-observer agreement tests, suggesting strong stability.

Conclusions

A potential alternative for assessing the results of time
records from the 505 agility test is the timing gate prototype.
The timing gate prototype exhibited a time difference of
0.19 seconds, illustrating the capacity of the measurement
data to generate more objective outcomes. Furthermore, the
utilization of local manufacture and components confers a
cost advantage to the prototype in development.
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Icropia nutanus. CIpUTHICTD, 110 BU3HAYAETHCA K (PisMYHA BIaCTUBICTD, 3aB/AKY SAKill JIFO/{HA MOXKe IIBUIKO 3MiHIOBATH
HAIPSIMOK PYXY, OLIHIOETHCSI 32 IONOMOTOI0 PI3HMX TeCTiB, BK/IIOYAIOYM aHA/I3 TUITY CTATYPYU Ta BUSHAYEHHS CIeNMITHIUX It
BUJY CIIOPTY IIOKa3HMKiB. BoHa nepen6auae MBMUIKY 3MiHY IOJIOKEHHA BCbOTO Tia, PyXiB Ta opieHTyBaHHA KiHIiBOoK. Criput-
HICTB Bifjirpa€e K/II090BY POJIb y TAKMX BUJIAX CIIOPTY, AK 6ackeT6071, HyTOO/ Ta pakeTOOI, ie HeoOXifHI MBU/KI 3MiHY HATIPSMKY
PYXy Ta TOYHMIT KOHTPO/b MOAOKeHHA Tina. Cuif sasHaunT, mwo TecT 505 € HallHAIHINIMM TeCTOM Ha CIIPUTHICTD, AKUI Jie-
MOHCTPY€E KOPeJIALilo 3 IPUCKOPEHHAM, a He 3i IIBU/IKICTIO. BiH KOHTPOJIIOE PO3BUTOK AK IIBUIKOCTI, TaK i cipuTHOCTI. OffHaK
BIICOKA BapTiCTb Ta Mpob/ieMaTiKa JOCTYIHOCT], 0B sI3aHi 3 TEXHO/IOTI€I0 YaCOBOTO CelleKTOpa B IH/IOHE3i1, 0OMeXyIoTh IMpokKe
3aCTOCYBaHHA 3a3HaYeHol MeTofauK. SIK HacmifjoK, MicieBi (axiBIii y ramysi copTy IpofOBXYIOTh BUKOPUCTOBYBATH 3BUYAlTHI
CEKYHJOMipH JI/Is IPOBEJIeHHS aHali3y.

Merta gocimKeHH:A. MeTolo IIbOro JOCTIPKeHH: 6Y/I0 po3po6/IeHHA 6I0/KeTHOTO IPOTOTUITY YaCOBOTO CEIeKTOPa, 110 IIPO-
XOOUTHUME BaJTifjaIfiro Ta BI/IHpO6OByBaHHH MicueBMMM KOpUCTyBadaMu B [H710He3ii. Y mocimKkeHHI IpoBeieHO OLiHKY y3romKe-
HOCTi MK IOKasHMKaMM TecTy 505 Ha CIIPUTHICTD, [/I AKOTO BUKOPUCTOBYIOTHCA CEKYHOMIP i PUCTPIiil 4aCOBOTO CENEKTOPa,
CKOHCTPYJOBaHMI1 aBTOPaMM IIP€J,CTAB/I€HOTO JOCIi/[KEHHS.

Marepianu Ta MeTomu. IIpOTOKO/ TeCTyBaHH:A 3aCTOCOBAHO J10 40 CTYAEHTIB II'siToro ceMecTpy (9 ocib >xiHouoi crari Ta 31
0co6a 40/10Biu0i CTaTi), SIKi HABYA/INCS 32 IPOrPaMoro (i3NIHOr0 BUXOBAHHS B [H/[OHE3I.

Pesynbratu. IIpotorumn yacoBoro cenexropa 0ys Ha 0.19 ceKyHIM IIBMAIINM 32 pe3y/IbTaTU BUMipIOBaHHA CEKYHIOMIpOM
(p <0.05). IIpoToTHII TAKOX IIPOIEMOHCTPYBaB BUCOKY HafliltHicTh. KoedilienT BHyTpimHboKTacoBoi kopenanii (ICC) cranoBus
0.920, 3 goBipunm intepsanom (JJI) 95% Big 0.848 mo 0.958. Jliarpamu Braxpga- AnbTMaHa IIOKa3a XOPOUINIT PiBEHb y3ro/pKe-
HOCTI 3 IIPOTOTUIIOM.

BucnoBku. Pesynbratu OCiKeHH CBiYaTh, 1[0 IIPOTOTHUII YaCOBOTO CEJIEKTOPA € HOTEHIIITHIM 6I0/>)KETHUM 3aMiHHIKOM
IJ1A BUMiPIOBaHHA Pe3Y/IbTaTiB YaCOBMX IIOKA3HMKIB Y CTAaHJAPTHUX TecTax 505 Ha CIPUTHICTD i3 BUKOPUCTaHHAM CEKYHOMIpa.
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Abstract

Background. Fundamental movement skills (FMS) represent the foundational basis of children’s motor development
and determine their ability to successfully perform more complex sport-specific movements. FMS are strongly
associated with physical activity levels, health indicators, sport proficiency, and the long-term trajectory of motor
development. At the same time, substantial heterogeneity exists in definitions, pedagogical approaches, and
assessment criteria, which complicates the standardization of training programs.

Objectives. To summarize contemporary theoretical, empirical, and pedagogical approaches to the development

of fundamental movement skills in children aged 5-12 and to systematize evidence-based models of instruction in

physical education and early sport training.

Materials and Methods. Literature searches were conducted in Scopus, Web of Science, PubMed, ERIC, and Google

Scholar (2000-2025). Search terms included: “fundamental movement skills;

» <«

» <«

motor learning,” “physical education,”

“instructional model,” “manipulative skills,” “early sport training.” Additional snowball searches were carried out
using the reference lists of key publications by Barnett, Ivashchenko, Khudolii, and Marchenko. Included sources

comprised empirical studies, reviews, conceptual models, and programmatic reports; excluded were clinical samples
and studies not reporting FMS-related data. Evidence synthesis was conducted by thematic domains.

Results. Four major research directions were identified: (1) Theoretical foundations of FMS: three categories of skills
(locomotor, manipulative, stability), their coordinative basis, and contextual dependence on instructional conditions.
(2) Associations between FMS, physical activity, and health: higher FMS levels are linked to increased physical
activity, better fitness, and reduced obesity risk; manipulative skills are the strongest predictor of sport participation.
(3) Pedagogical models of instruction: game-based interventions (GEL approach), sensory-integrative methods,
structured repetition modes, and programmed instruction of complex actions demonstrate the highest effectiveness.

(4) Manipulative and complex motor actions: development of throwing, catching, striking, and dribbling skills is
essential for children’s involvement in sports; optimized training loads (6 repetitions, 45-60 s rest) ensure maximal

learning gains.

Conclusions. Development of FMS at ages 5-12 is a key component of physical education and early sport training.
The most effective approaches combine game-based contexts, multisensory stimulation, and structured repetition
modes. There is an urgent need to standardize FMS assessment criteria, unify testing instruments, and integrate

modern digital movement-analysis tools.

Keywords: fundamental movement skills; motor competence; physical education; pedagogical models; early sport training.

Introduction

Fundamental movement skills (FMS) are defined as
basic learned movement patterns that form the foundation
for acquiring more complex technical and sport-specific
motor actions (Barnett et al., 2016; Hulteen et al., 2018).

© Khudolii, M., Ivashchenko, O., & Khudolii, O., 2025.

@ PETM
LLCOVS

The core categories of FMS include locomotor, manipulative,
and stability skills, the acquisition of which is closely linked
to the development of motor coordination (Cools et al.,
2011). In international frameworks, FMS are viewed as a key
component of motor competence underpinning children’s
physical development (Huang & Choosakul, 2025; Yunak et
al., 2022; Barnett et al., 2025).

Research findings consistently show that insufficient
EMS proficiency in childhood is associated with lower levels
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of physical activity, difficulties in mastering motor actions,
and a higher likelihood of sedentary behavior (Lubans et
al., 2010; Holfelder & Schott, 2014; Komaini et al., 2023).
Barnett et al. (2009) demonstrated that FMS competence is a
significant predictor of adolescents’ long-term participation
in physical activity and sport. Evidence from Mathisen (2016)
and Fernandez-Valero et al. (2021) further highlights the
central role of manipulative skills and agility in determining
overall motor competence in younger children.

Several key research directions underscore the relevance
of studying FMS:

1. Associations between FMS, physical activity, and
health (Lubans et al., 2010; Stodden et al., 2008;
Samsudin et al., 2022).

2. Transfer of EMS to sport-specific skills (Barnett et
al., 2016).

3. Instructional strategies for optimizing FMS
learning, including Mosston’s teaching styles and
contemporary pedagogical models (Mosston &
Ashworth, 2008; Logan et al., 2012; Lander et al.,
2017).

4. Sensitivity periods of motor development
(Robinson et al., 2015). Stodden et al. (2008) showed
conceptually that motor competence and physical
activity mutually reinforce each other throughout
childhood.

The age range of 5-12 years is widely recognized as the
most favorable developmental window for FMS acquisition.
A systematic review by Basman (2019) identified this period
as optimal for monitoring and improving FMS within
physical education and early sport training. However,
substantial international variability exists in defining and
assessing FMS (Barnett et al., 2016; Lai et al., 2014), limiting
the comparability of research findings and underscoring
the need for standardized assessment tools for motor
competence.

Parallel to theoretical developments, a rapidly growing
body of research focuses on optimizing instructional models
for FMS development. The effectiveness of game-based
approaches has been confirmed in studies by Sulistiyono
et al. (2021) and Samsudin et al. (2021), while sensory-
integrative strategies have shown positive effects on motor
learning in young children (Akbar et al., 2021). A meta-
analysis by Logan et al. (2012) demonstrated that targeted
pedagogical interventions lead to significant improvements
in FMS. Previous research has provided a methodological
foundation for optimizing repetition modes and managing
training loads through the application of pattern-recognition
methods, full factorial experiments, and discriminant
analysis (Ivashchenko et al., 2018; Iermakov et al., 2021;
Kruglov & Khudolii, 2022).

Despite the growing evidence base, several challenges
remain unresolved: the absence of unified FMS assessment
criteria (Basman, 2019), uneven methodological support
for instruction, limited teacher readiness to apply modern
approaches (Dudley et al., 2011), and insufficient integration
of evidence-based findings into school and sport practice.

Therefore, there is a need to synthesize current
evidence regarding: (1) the content and categories of FMS,
(2) pedagogical approaches to their development, (3) the
effectiveness of instructional models in early training, and
(4) existing gaps in FMS assessment criteria.

The purpose of this review is to summarize modern
theoretical and empirical evidence on the development of
fundamental movement skills in children aged 5-12 within
physical education and early sport training, to systematize
findings across major thematic domains, and to outline
methodological gaps requiring further investigation.

Materials and Methods
Scope and Eligibility

Population: children aged 5-12 years; preschoolers and
primary school pupils.

Topics: fundamental movement skills,
development, instructional models, sport training.

Types of publications: empirical articles, reviews,
conceptual models, programmatic reports.

Languages: English and Ukrainian.

Timeframe: 2000-2025.

Inclusion criteria: studies reporting data on FMS,
instructional models, or factors influencing skill
development.

Exclusion criteria: clinical samples, adult populations,
uncontrolled descriptive reports.

motor

Search Strategy

The literature search was conducted in Scopus,
Web of Science, PubMed, ERIC, and Google Scholar in
October-November 2025. The following search terms and
combinations were used: “fundamental movement skills”,
“motor learning”, “physical education”, “instructional model’,
“manipulative skills”, “early sport training”

To expand the evidence base, a snowball search was
additionally performed: the reference lists of key publications
by Barnett et al., Ivashchenko et al., Khudolii et al., and
Marchenko et al. were analyzed, allowing identification of
further relevant studies on FMS development in children
aged 5-12.

Search and Screening Procedure

The search process followed a structured narrative-re-
view logic and included four stages: identification, screen-
ing, eligibility assessment, and thematic synthesis. The initial
search across Scopus, Web of Science, PubMed, ERIC, and
Google Scholar (October-November 2025) yielded 1,950
records. After removing duplicates (n = 520), titles and ab-
stracts were screened, and 1,170 articles not related to FMS,
motor development, or instructional models were excluded.

A full-text assessment was performed for 260 articles,
of which 239 were excluded due to lack of FMS-specific
outcome measures, insufficient methodological detail,
absence of empirical data, or focus on clinical or adult
populations.

A total of 21 studies met the inclusion criteria and
were incorporated into the final synthesis. An additional 18
sources were identified through snowball searching of key
publications (Barnett, Ivashchenko, Khudolii, Marchenko),
resulting in a final dataset of 39 included references.

The relatively small number of included studies is explained
by the strict inclusion criteria focusing exclusively on empirical
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research directly examining FMS development in children aged
5-12, while excluding conceptual papers, descriptive reports,
and studies lacking clear methodological procedures.

This multi-step screening approach ensured consistency,
transparency, and reproducibility of the evidence base used
in the review.

Study Selection

Screening was conducted based on titles, abstracts, and
full texts. Articles lacking empirical data or not addressing
FMS were excluded. Only studies meeting the predefined
inclusion criteria were retained for synthesis.

Synthesis Approach

A thematic synthesis was applied, organizing the
evidence into key domains that reflect the structure and
logic of contemporary approaches to FMS development.
Inconsistencies in FMS definitions across sources were
reconciled through repeated verification of original
conceptual texts (Barnett et al., 2016).

Results

Domain 1. Theoretical Approaches to
FMS and Their Categorization

According to Barnett et al. (2016), fundamental
movement skills (FMS) are basic, intentionally learned
movement patterns that do not emerge spontaneously but
are formed through pedagogical influence and serve as the
foundation for sport-specific motor skills. Three primary
categories are distinguished:

» Locomotor skills - running, jumping, various forms

of travel.

o Manipulative skills - throwing, catching, striking,

dribbling.

o Stability skills — balance and postural control.

FMS are closely linked to motor coordination, which is
a key component of overall motor competence (Mathisen,
2016).

In modern literature, FMS are consistently described
as intentionally formed motor actions that create the basis
for mastering more complex physical exercises and sport
techniques. Barnett and colleagues emphasize that FMS are
not natural expressions of spontaneous activity but products
of structured learning within organized instructional
environments (Barnett et al., 2016). Consequently, FMS
are treated as a central element of motor competence and a
major indicator of children’s motor development.

Classical theoretical models of FMS converge on a
three-component classification: locomotor, manipulative
(object-control), and stability skills. Locomotor skills involve
spatial movement of the body (running, jumping, traveling
sideways), manipulative skills involve controlling external
objects (throwing, catching, striking), and stability skills
reflect the ability to maintain postural control and balance
(Barnett et al., 2016; Lubans et al., 2010; Cools et al., 2011).
This structure enables identification of typical movement
patterns that serve as building blocks for more specialized
motor actions.

A critical aspect of theoretical approaches is the link
between FMS and motor coordination. Research (Mathisen,
2016; Cools et al., 2011; Marchenko, 2025; Marchenko
& Fedotov, 2024) demonstrates that children’s motor
competence is determined not only by individual test results
but by integrated development of agility, balance, and
coordination. For example, according to Movement ABC
assessments, a significant proportion of six-year-old children
fall into “borderline” or “motor difficulty” categories,
indicating the need for targeted intervention programs
(Mathisen, 2016). Thus, coordination is not a background
factor but a structural determinant of FMS.

Another theoretical dimension concerns the broader
context of FMS development — the family environment, in-
structional conditions, cultural norms, and organizational
features of physical education lessons. Cools et al. (2011)
showed that preschool children’s EMS levels correlate with
family-related factors such as parents’ physical activity, ac-
cess to play spaces, and support for active behavior. Simi-
lar findings were reported by Hardy et al. (2010, 2012) and
Foweather et al. (2015): insufficient FMS development is
a systemic issue rather than an isolated individual charac-
teristic. This broadens the theoretical perspective, situating
FMS not merely as a child’s attribute but also as an indicator
of the quality of the environment in which the child learns
and grows.

Work by Barnett et al. (2009, 2013, 2016) and Hulteen
etal. (2018) integrates FMS into life-course models of motor
competence. In these frameworks, FMS serve as a crucial
intermediary between early physical activity, physical fitness,
motivation, and long-term engagement in sport. Hulteen
et al. (2018) propose a “Foundational Movement Skills”
model in which FMS serve as prerequisites for developing
more complex motor patterns during school years and later
specialization in sport. Thus, FMS have predictive value:
their level in early childhood influences future pathways of
physical activity and participation.

However, a systematic review by Basman (2019)
identified a major methodological challenge: the absence
of unified and widely accepted FMS assessment criteria
for children aged 5-12. Studies employ different tools -
full standardized tests (e.g., TGMD), modified subtests, or
isolated skill assessments — which hinders direct comparison
of results and complicates interpretation of intervention
effectiveness. This highlights the need for methodological
unification of FMS concepts and assessment criteria.

In summary, theoretical approaches to FMS encompass:

1. Structural definition: classification into locomotor,

manipulative, and stability skills.

2. Coordinative foundation: FMS as manifestations of

integrated motor competence.

3. Contextual dependence: influence of family, school,

cultural, and environmental factors.

4. Life-course trajectory: FMS as a basis for physical

activity and sport participation across the lifespan.

5. Methodological challenges: heterogeneity of

definitions, assessment instruments, and criteria.

This theoretical framework provides the foundation for
analyzing empirical evidence on the relationships among
FMS, physical activity, health, and instructional models,
which are explored in the subsequent domains (table 1, 2).
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Table 1. Theoretical Approaches to FMS and Their Categorization

Theoretical Aspect

Key Content / Approach

Authors

Significance for Understanding FMS

Basic Definition of
FMS

FMS are learned-not spontaneous—
movement actions; formed through
intentional instruction and serve as the
foundation for complex sports skills.

Barnett et al. (2009,
2016); Hulteen et al.
(2018)

Emphasizes that FMS are targets of
pedagogical intervention and justify
their central role in physical education
curricula.

Three-Component

FMS are divided into locomotor,

Barnett et al. (2016);

Supports structured instructional

Classification manipulative (object-control), and stability =~ Lubans et al. (2010);  planning, skill-group-specific
skills, each with typical movement patterns ~ Cools et al. (2011) assessment, and program design.
and assessment criteria.

FMS as Core of Motor ~ FMS represent the central component of Stodden et al. Explains why FMS predict physical

Competence motor competence, including coordination, ~ (2008); Cools et al. activity and sport proficiency; links

agility, balance, and object control.

(2011); Mathisen
(2016)

FMS to broader developmental
models.

Coordinative Basis of
FMS

FMS depend on coordination, agility,
balance, synchronization; coordination is a
structural determinant.

Mathisen (2016);
Cools et al. (2011);
Hardy et al. (2012)

Justifies integration of coordination
training and testing in FMS programs.

Contextual Approach

FMS levels depend on family environment,
cultural factors, PE organization, access to
play spaces.

Cools et al. (2011);
Hardy et al. (2010,
2012); Foweather et
al. (2015)

Highlights the environmental
nature of FMS development and the
importance of supportive contexts.

Life-Course Perspective

FMS are a platform for lifelong participation
in physical activity and sport.

Barnett et al. (2009,
2016); Hulteen et al.
(2018)

Demonstrates predictive value of early
FMS proficiency.

Methodological Issues

Lack of unified criteria, different tools
and scales (TGMD, MABC), varied
interpretations across countries.

Basman (2019); Lai
et al. (2014); Lubans
etal. (2010)

Explains challenges in comparing
findings and stresses the need for
standardization.

Table 2. Categories of FMS and Their Characteristics

Function in Motor

FMS Category Examples of Movements e He—— Typical Tests / Assessment Tools
Locomotor Skills Running, jumping, hopping, Enable whole-body movement =~ TGMD subtests (run, hop, gallop);
galloping, sideways movement, through space; form the basis standing long jump / vertical jump;
changes of direction for endurance and speed speed and agility tests
development
Manipulative Skills Throwing, catching, striking, Form the foundation for TGMD (throw, catch, strike, dribble);
(Object-Control dribbling invasion team sports, precision  sport-specific ball-handling tests;
Skills) tasks, and interaction with team-based FMS assessments
objects
Stability Skills Static and dynamic balance Provide postural control and MABC balance tasks; static/
(Balance) positions, posture control, various stability required for complex dynamic balance tests; instructional

stances

movement actions

observations during PE lessons

Domain 2. Associations Between FMS,
Physical Activity, and Health

In leading theoretical models of motor development,
fundamental movement skills (FMS) are considered a critical
determinant of children’s physical activity levels and their
ability to participate in health-enhancing and sport-related
behaviors. The conceptual model proposed by Stodden et
al. (2008) shows that motor competence, physical activity,
physical fitness, and obesity risk are linked through cyclical
and mutually reinforcing mechanisms. Children with low
FMS proficiency are less likely to engage in dynamic forms of
activity, which in turn reinforces deficits in competence and
leads to a negative trajectory of motor development.

High-quality meta-analyses confirm that FMS are a
prerequisite for active daily behavior rather than a mere

outcome of physical activity. Lubans et al. (2010), in a
systematic review, demonstrated that children with higher
scoresinlocomotorand manipulative skill tests exhibit greater
levels of moderate-to-vigorous physical activity. Holfelder
and Schott (2014) further noted direct associations between
FMS and health indicators, including cardiometabolic
markers and risk profiles related to sedentary behavior. Well-
developed motor competence facilitates regular engagement
in both structured and unstructured physical activity.
Manipulative skills — one of the core categories of FMS
- play an especially important role in children’s participation
in sports and in the development of movement confidence.
Mathisen (2016) found that coordination abilities, including
throwing and catching accuracy, are among the strongest
predictors of general motor competence in children
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Table 3. Associations Between FMS, Physical Activity, Physical Fitness, and Health

Aspect of Association Key Content / Explanation Authors Significance for Understanding FMS
FMS and Physical Higher FMS levels are associated with ~ Stodden et al. Demonstrates that FMS are a prerequisite
Activity Levels greater participation in moderate-to- (2008); Lubans et - not merely a result - of physical activity;
vigorous physical activity (MVPA). al. (2010); Barnett  developing FMS is essential for increasing
Children with low motor competence et al. (2009) daily activity.
participate less in active games and
sport.
FMS and the Stodden model: low FMS - low activity ~Stodden et al. Explains how persistent sedentary patterns
“Negative Spiral” of > reduced physical fitness - further (2008); Hardy et al. ~ develop; highlights the need for early
Sedentary Behavior decline in competence > increased (2010, 2012) interventions to enhance FMS.

body mass.

FMS and Physical Higher FMS proficiency correlates Hardy et al. (2012); ~ Shows that without basic FMS, fitness-
Fitness with better aerobic fitness, muscular Lubans et al. training programs are less effective;
endurance, agility, and coordination. (2010); Robinson et  positions FMS as the foundation of physical
FMS serve as a threshold for effective al. (2015) fitness.
fitness development.
Manipulative Manipulative skills (throwing, catching, Mathisen (2016); Explains why deficits in manipulative skills
Skills and Sport striking, dribbling) are strongly linked =~ Ferndndez-Valero  often act as barriers to sport participation;
Participation to involvement in team sports and etal. (2021); Hardy justifies prioritizing their development at
movement confidence. etal. (2012) ages 5-12.
FMS and Health Low FMS proficiency is associated with ~ Stodden et al. Highlights FMS as a health marker and a
Profile (Obesity, higher body mass, obesity risk, and (2008); Holfelder potential strategy for obesity prevention.
Metabolic Risks) unfavorable cardiometabolic indicators. & Schott (2014);

Hardy et al. (2010)

EMS, Self-Perception,
and Motivation

Motor competence influences perceived
physical competence, motivation for
physical activity, and sport confidence.

Barnett et al.
(2016); Robinson et
al. (2015); Morgan
etal. (2013)

Demonstrates that FMS development should
be accompanied by motivational support to
prevent avoidance of physical activity.

FMS as an Integrative
Indicator of
Development

FMS reflect the combined influence
of biological, pedagogical, and social
factors and represent a “snapshot”
of a child’s motor, functional, and
psychosocial status.

Lubans et al.
(2010); Stodden et
al. (2008); Hulteen
etal. (2018)

Supports the use of FMS for monitoring
developmental progress and evaluating
instructional and training programs.

Table 4. FMS and Key Health and Behavioral Outcomes

FMS Component

Typical Outcome at High Level

Typical Outcome at Low Level

Locomotor Skills

Regular participation in running, active games, physically
engaging recess activities; better endurance and aerobic

capacity

Avoidance of vigorous play; rapid fatigue;
low tolerance for dynamic activities

Manipulative Skills (Object-

Control Skills)

Confidence in ball games; successful participation in

team sports; higher movement self-efficacy

Avoidance of games involving balls;
difficulty joining team play; reduced
opportunities to practice skills

Stability Skills (Balance/

Postural Control)

Good postural stability; readiness for complex actions
(e.g., gymnastics, acrobatics, martial arts); safer

movement execution

Poor balance; difficulty performing
complex motor tasks; higher injury risk;
hesitancy in dynamic actions

Overall Motor Competence

Higher levels of MVPA; greater interest in physical

activity; positive long-term developmental trajectory

Sedentary tendencies; reduced
activity; reinforcement of a negative
developmental spiral

Motor Coordination

Effective learning of new skills; better synchronization

and timing of movements

Difficulty mastering coordinated actions;
slower learning pace

Self-Perception and
Motivation

High perceived motor competence; strong motivation for

physical activity; willingness to engage in sport

Low confidence; fear of failure; avoidance
of PE lessons and sport activities

Health Profile

Favorable body composition; lower obesity risk; better

cardiometabolic indicators

Higher body mass; increased obesity
risk; poorer metabolic profile; long-term
health vulnerabilities
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aged 6-8. Fernandez-Valero et al. (2021) reported that
children who score higher on ball-handling tasks exhibit
significantly greater daily moderate-to-vigorous physical
activity (MVPA). Children with poor manipulative skill
development tend to participate less in active games, limiting
opportunities for natural motor practice.

FMS are also directly associated with physical fitness.
Hardy et al. (2012) demonstrated that FMS proficiency in
children aged 8-10 correlates with aerobic fitness, muscular
endurance, and coordination. A minimal level of motor
competence acts as a “threshold condition” for effective
development of fitness components. Children with low
coordination often demonstrate lower levels of physical
fitness, which reduces sport participation and limits their
developmental potential.

Particular attention has been given to the relationship
among FMS, body mass, and obesity risk. Stodden et al.
(2008) proposed that low FMS proficiency combined with
low activity levels contributes to a “negative spiral,” where
increased body mass further impairs motor competence,
which in turn reduces activity even more. Empirical findings
from Hardy et al. (2010) support this model: children with
lower FMS scores are more likely to have overweight or
obesity, while their physical activity levels remain consistently
below age norms. Motor inadequacy in childhood may serve
as a long-term health risk factor.

The psychosocial dimension of FMS has also gained
growing attention. Barnett et al. (2016) noted that motor
competence influences movement-related self-esteem,
motivation for physical activity, and perceived sport
competence. Longitudinal studies show that children with
higher perceived motor confidence are more likely to
join sports programs and maintain high levels of activity
throughout childhood.

Overall, scientific evidence indicates that FMS are not
merely a set of isolated movement abilities but an important
integrative characteristic shaping children’s physical activity,
fitness, health outcomes, and motivation to engage in
physical and sport activities. Therefore, the development of
FMS in children aged 5-12 is a fundamental task of physical
education and early sport training (table 3, 4).

Domain 3. Pedagogical Models, Strategies,
and Game-Based Interventions (EN)

Current research increasingly focuses not only on
describing the levels of FMS development but also on
identifying optimal pedagogical strategies for enhancing
these skills within physical education and early sport
training. The aim of most intervention programs is to
create conditions in which children receive a sufficient
volume of purposeful motor practice in a motivationally
appealing format, ensuring both skill acquisition and
sustained engagement in physical activity (Logan et al.,
2012; Morgan et al.,, 2013). Effective pedagogical models
combine structured instruction with game-based dynamics
and controlled exercise repetition modes.

One of the most compelling directions involves game-
basedlearning models, where the development of FMS occurs
within the context of specially organized games. A study by
Sulistiyono et al. (2021) demonstrated the effectiveness of
the Game Experience Learning (GEL) model in training

young football players: its four stages — game experience,
reflection, conceptualization, and implementation — ensure
not only improvements in technical-tactical skills but also the
development of team interaction, social competencies, and
responsible on-field behavior. The coach deliberately uses
game situations as “material” for cultivating desired action
patterns, combining physical load with moral-volitional and
communicative influences.

Similar results have been reported in volleyball.
Samsudin et al. (2021) developed a set of instructional
models for teaching basic volleyball movements in primary
school children, where the game-based approach served
as the primary means of increasing interest, engagement,
and the effectiveness of technical skill acquisition. The
authors emphasize the importance of safety, discipline,
and appropriately dosed task difficulty, enabling children
to perform movements freely while avoiding injury
risks. Testing results confirmed that game-based models
significantly improve mastery of fundamental volleyball
techniques compared to traditional approaches.

Another important direction is the integration of
FMS development with sensory integration, particularly
under remote or blended learning conditions. Akbar et
al. (2021) show that early childhood motor development
should be implemented through a game-based approach
that purposefully stimulates auditory, visual, vestibular,
tactile, and proprioceptive systems. The authors highlight
that instructional videos and home-based activities can
be effective if they include running, jumping, walking,
throwing, balancing tasks and simultaneously activate
multiple sensory channels. This supports the rationale for
using multisensory stimulation as a means of optimizing
motor development under conditions of limited mobility.

In addition to game-based and sensory-integrative
models, considerable attention has been paid to the
structuring of repetition modes. The FMS evidence base
includes studies employing full factorial experiments and
discriminant analysis to determine optimal numbers of
repetitions, rest intervals, and exercise sequences for teaching
target throwing with a small ball and complex coordination
gymnastics elements (Ivashchenko et al., 2018; Iermakov et
al., 2021). For example, among eight-year-old boys, a mode
of six repetitions with a 60-second rest interval produced
the highest overall learning gains, and classification analysis
showed high accuracy in assigning pupils to appropriate
loading-parameter groups.

Similar approaches are applied in the development of
complex coordination movements—acrobatics and kicking
techniques in martial arts. Research by Rukavytsia et al.
(2022) and Marchenko et al. (2022, 2023, 2024 ) revealed that
programmed instruction combined with pattern-recognition
models enables a step-by-step construction of the learning
process, taking into account individual differences among
pupils. These approaches focus on managing not only the
quantitative load parameters but also the structure of the
motor task, which is particularly important for forming fine-
grained coordination mechanisms.

A crucial component of pedagogical strategies is the
professional preparation of teachers and coaches, as they
implement instructional models in practice. In their
systematic review, Dudley et al. (2011) emphasize that
the most effective school physical education programs
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Table 5. Pedagogical Strategies, Instructional Models, and Game-Based Interventions

Type of Pedagogical

Strategy / Model Key Characteristic / Didactic Logic

Key Authors and
Studies

Main Effects and Conclusions

Game-Based Learning  Development of FMS within

Sulistiyono et al.

Increased technical-tactical skills,

Models (GEL) specially organized game situations; (2021); Samsudin  team interaction, motivation; improved
structure “experience — reflection — et al. (2021) manipulative skills and coordination in
conceptualization - implementation”; game-based sports.
integration of technique, tactics, and
social interaction.

Game Models for Creation of numerous repetitions Samsudin et al. Improved execution of basic elements

Primary School (small-
sided formats 1x1,
2x2)

of motor actions in simulated game
episodes; high frequency of ball touches
and decision-making.

(2021); Morgan et
al. (2013)

(passing, striking, catching); active
involvement of all children; reduced passive
time during lessons/training.

Sensory-Integrative
Approaches

Use of tasks that simultaneously
stimulate several sensory systems
(visual, auditory, vestibular, tactile,
proprioceptive) in a game format;
especially relevant for remote/blended
learning.

Akbar et al. (2021)

Accelerated acquisition of basic FMS
(running, jumping, throwing, balance);
better adaptation to varied task conditions;
increased interest in home-based motor
tasks.

Structured Repetition
Modes (load

Determination of optimal repetitions,
duration, and rest intervals based

Ivashchenko et al.
(2018); Iermakov

Identification of optimal modes (e.g., 6
repetitions with 60 s rest) for maximal

optimization) on full factorial experiments and etal. (2021) learning; opportunities for individualized
discriminant analysis; programmed instruction; higher lesson/training
load management. efficiency.

Programmed Step-by-step construction of the motor ~ Rukavytsia Accelerated acquisition of complex motor

Instruction of
Complex Coordination
Movements (acrobatics,
martial-arts kicks)

action; use of pattern-recognition
models; integration of analytical and
holistic teaching methods.

etal. (2022);
Marchenko et al.
(2022, 2023, 2024)

actions; reduction of technical errors; ability
to predict individual learning trajectories.

Combined Models
(game-based +
structured repetition
modes)

Integration of a game context with
precisely dosed load parameters;
alternation of game tasks and
programmed exercise series.

Logan et

al. (2012);
Ivashchenko et al.
(2018)

Concurrent high motivation and controlled
skill gains; improved fatigue tolerance;
better movement automatization.

Teacher and
Coach Professional
Development

Targeted professional training programs
focused on FMS development; mastery
of evidence-based instructional models.

Dudley et al.
(2011); Lander et
al. (2017)

PE and sport programs with an

FMS component are effective only

when educators are competent in the
methodology; improved lesson and training
quality.

Whole-School
Programs (whole-

Integration of FMS into curricula,
recess activities, extracurricular events;

Morgan et al.
(2013); Hardy et

Sustained improvement in FMS and physical
activity; higher participation in sport; long-

school approach) involvement of administration, parents, al. (2012) term community-level benefits.

and coaches; promotion of an active

school environment.
Mosston & Ashworth’s A universal model conceptualizing Mosston & Provides a methodological framework for
Spectrum of Teaching  instruction as a continuum of Ashworth (2008)  configuring FMS interventions — from

Styles pedagogical decisions; spans from
reproductive styles (A-E: precision
and control) to productive styles (F-K:
inquiry, variability, learner autonomy).
Implements a non-versus paradigm
where styles complement each other.

controlled repetition modes to game-based
and inquiry formats; aligns lesson goals,
feedback type, and learner autonomy in
FMS development.

combine: a clearly articulated curriculum, elements of direct
instruction, whole-school strategies for supporting physical
activity, and ongoing teacher professional development.
Lander et al. (2017) further note that teacher training
specifically focused on FMS development is essential for the
successful implementation of intervention programs.
Within pedagogical models, an important theoretical
foundation is the Mosston & Ashworth Spectrum of Teaching
Styles, which conceptualizes the teaching of motor actions as
a chain of pedagogical decisions involving a gradual shift
from reproductive styles (A-E) — ensuring precision, control,

and standardized technique - to productive styles (F-K),
which promote exploration, variability, and autonomous
movement problem-solving (Mosston & Ashworth, 2008).
This logic of structured transfer of decision-making from
teacher to pupil enables FMS development across diverse
instructional formats - from guided instruction to game-
based and inquiry-based interventions — ensuring coherence
between lesson objectives, types of feedback, and the child’s
level of autonomy.

Thus, contemporary pedagogical strategies for
developing FMS can be viewed as multicomponent models
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Table 6. Strategy - What It Does — Purpose

Strategy

What It Does (Specific Actions)

Purpose / Main Effect

Spectrum of Teaching
Styles (Mosston &
Ashworth)

decisions (who decides what and when).

Organizes instruction as a continuum of styles
ranging from full teacher control to high learner
autonomy; defines a sequence of pedagogical

Provides a universal framework for selecting FMS
teaching styles for specific goals: from technical
precision to creative, game—based, or autonomous
performance of motor tasks.

Game-Based Learning

(GEL) situations.

Transfers FMS into real or simulated game

Increases interest and engagement while simultaneously
developing technique and tactics.

Sensory Integration
stimuli.

Combines FMS with multichannel sensory

Improves movement perception and adaptation to
different task conditions.

Structured Repetition

Precisely regulates the number of repetitions

Maximizes learning gains and lesson efficiency.

Modes and rest intervals.
Programmed Breaks down a complex motor action into stages Enables learning complex movements without chaotic
Instruction and uses structured models. trial-and-error attempts.

Teacher Professional

Development instructional models.

Trains teachers/coaches to work with FMS

Ensures high-quality implementation of programs in
practice.

that include game-based methods, sensory-integrative
approaches, optimized repetition modes, and specialized
teacher preparation. Their common features are reliance on
quantitatively and qualitatively justified loading schemes, a
high degree of instructional structure, and the preservation
of a playful, emotionally engaging character of activities —
elements that are critically important for children aged 5-12.

Domain 4. Development of Manipulative
and Complex Motor Skills (EN)

Manipulative skills (ball control, catching, throwing,
striking, dribbling) are recognized as one of the most critical
components of fundamental movement skills, as they enable
the transition from basic motor experience to participation
in sport-specific activity. Research by Barnett et al. (2009,
2016) and Mathisen (2016) has demonstrated that the level
of manipulative skill development is a powerful predictor
of overall motor competence and sport success. Children
who achieve high scores in object-control tests display
greater involvement in active games, higher confidence
in movement-related tasks, and elevated levels of physical
activity.

Studies by Ferndndez-Valero et al. (2021) emphasize
that ball-handling abilities—particularly throwing and
catching—have the strongest association with overall
physical activity levels among primary school children.
Similarly, Hardy et al. (2012) found that children with low
manipulative performance demonstrate lower endurance
and reduced motivation to engage in sports activities. The
FMS literature further notes that insufficient development
of manipulative skills limits opportunities for natural motor
practice in play settings, creating a secondary “experience
deficit” and slowing the development of motor competence.

Within pedagogical strategies, instructional models
aimed specifically at developing manipulative skills in
sport-game formats have become increasingly widespread.
Evidence-based interventions show that children acquire
object control most effectively through specially designed
game tasks that integrate technical execution, social
interaction, and competitive elements. In volleyball
(Samsudin et al.,, 2021) and football (Sulistiyono et al.,
2021), game-based instructional models grounded in GEL

principles have produced substantial improvements in ball-
handling skills, movement accuracy, and team coordination.
The FMS framework also notes that game-based techniques
provide a natural learning environment for developing
manipulative actions in younger children.

The formation of manipulative actions requires not only
an enriched game environment but also clearly defined load
parameters that determine repetition mode, task duration,
and rest intervals. Ukrainian studies (Ivashchenko et al.,
2018; Iermakov et al., 2021) on teaching target throwing with
a small ball show that optimizing the number of repetitions
and gradually regulating task complexity are essential for
learning gains. Specifically, it has been established that a
mode of six repetitions with regulated rest intervals results
in the highest acquisition rates among children aged 7-10.

Research on the mechanisms underlying the
development of more complex manipulative and
coordination actions (martial-arts kicking, acrobatic skills,
technical elements in game sports) relies on modelling the
structure of the motor action. Studies by Rukavytsia et al.
(2022) and Marchenko et al. (2022, 2023, 2024) show that
the use of pattern-recognition methods and programmed
instruction enables the step-by-step formation of complex
motor elements while accounting for individual learner
characteristics. Factor modelling has allowed researchers
to identify optimal repetition parameters, instructional
sequences, and load levels necessary for developing accuracy,
rhythm, and coordinated movement patterns.

Finally, contemporary literature highlights the impor-
tance of multisensory integration in the development of
manipulative skills. Akbar et al. (2021) demonstrated that
combining tactile, vestibular, visual, and auditory stimuli
substantially enhances the acquisition of basic movements
(walking, running, jumping, throwing), particularly under
remote or blended learning conditions.

In summary, manipulative skills are not merely a
subcategory of FMS but a key mechanism enabling the
transition from general motor development to sport
participation. They allow children to engage in active
games and team sports, form the foundation of technical
preparedness, and determine subsequent motor development
pathways. Multiple studies confirm that game-based models,
optimized repetition modes, sensory integration, and step-
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Table 7. Manipulative Skills: Effective Pedagogical Strategies and Evidence Base

Category of . . . Key Studies (High Level . . .
Manipulative Skills Effective Pedagogical Strategies of Evidence) Rationale / Main Conclusions
Throwing and Catching - Game-based models (GEL) - Sulistiyono et al., Game situations enhance accuracy

Sensory-integrative approaches -
Targeted exercises with regulated
repetitions

2021; Mathisen, 2016;
Ferndndez-Valero et al.,
2021

and variability; sensory stimuli
improve trajectory perception;
optimal repetition modes increase
learning efficiency.

Ball Striking (hands/feet)

- Game-based learning

- Programmed instruction (step-by-
step movement construction) - Video
analysis and technique correction

Samsudin et al., 2021;
Suprun et al., 2021;
Medko & Khudolii, 2021

Game format enhances motivation;
stepwise modelling develops
technical stability; video analysis
provides precise feedback.

Dribbling and Object
Control

- Combined sensorimotor exercises
- Variable training (changes in
speed, amplitude, angle of attack) -
Individualized load parameters

Akbar et al., 2021; Morgan
etal, 2013; Hardy et al,,
2012

Variability broadens motor
experience; sensory integration
improves spatial awareness and
control; individualized modes
ensure stable skill acquisition.

Precision Technical
Manipulations (volleyball,
basketball, baseball)

- Specialized game tasks - Small-sided
games 1x1, 2x2 - Programmed error
correction

Samsudin et al., 2021;
Lander et al., 2017

Team game actions integrate
technique and tactics; small-
sided games increase ball-contact
frequency; programmed drills
minimize typical errors.

Coordination-Complex
Manipulations
(acrobatics, martial arts)

- Step-by-step action construction -
Factor modelling of repetition modes
- Pattern-recognition methods

Rukavytsia et al., 2022;
Marchenko et al., 2022,
2023, 2024; Iermakov et
al., 2021; Ivashchenko et
al., 2018

Modelling identifies optimal load
parameters; pattern recognition
enables individualized formation
of complex motor actions.

Integrated Manipulative-
Locomotor Actions
(active games)

- Mixed-skills training
- Game tasks with role switching -
Combination of manipulations and

Logan et al., 2012; Barnett
et al., 2009; Hulteen et al.,
2018

Combined movements create
richer motor schemas; role
switching enhances cognitive

locomotion

and social components; hybrid
actions increase overall motor
competence.

Table 8. Optimal Repetition Modes for Manipulative Skills (EN)

Optimal Repetition

Age Mode Rest Interval Type of Motor Task Source
7-8 years 6 repetitions 45-60's Target throwing with a small ball Ivashchenko et al., 2018
8-9years  5-6 repetitions 60 s Martial-arts strikes (strike formation stage) Medko & Khudolii, 2021
9-10years 6-8 repetitions 60-90 s Technical volleyball elements Samsudin et al., 2021

by-step motor-action modelling are among the most effective
approaches to developing manipulative skills in children
aged 5-12 (table 7, 8).

Domain 5. Key Gaps and Methodological Challenges (EN)

The assessment of fundamental movement skills is one
of the most problematic and, at the same time, most essential
aspects of FMS research. In a systematic review, Basman
(2019) emphasized that the field currently lacks unified
measurement standards, and researchers employ a wide
variety of test batteries, making cross-study comparisons
extremely difficult. The author notes that differences
in theoretical approaches to defining FMS (locomotor,
manipulative, stability skills) and the diversity of assessment
methods create significant methodological barriers to
developing coherent instructional programs.

The most commonly used assessment instruments are
the Test of Gross Motor Development (TGMD-2 / TGMD-
3), the Movement Assessment Battery for Children (MABC-
2), and the Bruininks-Oseretsky Test of Motor Proficiency
(BOT-2). Cools et al. (2011) highlight that the choice of test
significantly shapes the interpretation of FMS levels, as each
battery targets different skill components and uses different
scoring approaches (criterion-referenced in TGMD vs.
norm-referenced in MABC). The FMS evidence file also
notes that MABC-2 often identifies a higher prevalence of
motor impairments, whereas TGMD-2 focuses primarily
on the qualitative characteristics of movement and specific
performance components. Such inconsistencies in test
content create a risk of misclassifying children’s motor
competence.

A critical issue is the alignment between test outcomes
and children’s real-life motor abilities. Mathisen (2016)
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demonstrated that pupils with low MABC-2 scores
frequently exhibit problems with agility, balance, and object
control in everyday movement situations. Hardy et al. (2012)
confirm that low manipulative skills (catching, throwing)
show the strongest association with general difficulties in
physical development.

FMS assessment is closely linked to the challenge
of identifying sensitive periods of motor development.
According to Stodden et al. (2008), inadequate FMS levels in
early childhood may lead to a “negative spiral”: low skill level
> low physical activity > reduced physical fitness > even
lower motor competence. For this reason, many authors
(Barnett et al., 2016; Logan et al., 2012) argue that early FMS
screening is essential for identifying children at risk of motor
insufficiency.

Moreover, digital and video-analytic methods of assessing
FMS have gained increasing attention, enabling precise kine-
matic characterization of movement. The use of pattern-rec-
ognition and clustering algorithms (Ivashchenko et al., 2018;
Iermakov et al., 2021) makes it possible not only to evaluate
skill performance but also to predict optimal load parameters

for each child. This aligns with current trends toward person-
alized instruction in physical education and sport.

However, despite technological advances, a major
problem remains the absence of universally accepted criteria
for determining FMS levels. Lai et al. (2014) and Hardy et al.
(2012) show that different researchers apply different scales
and thresholds to define “high” or “low” skill levels. This
complicates meta-analyses and cross-study comparisons of
interventions. The FMS evidence file also indicates that many
school programs lack clear benchmarks for FMS assessment,
limiting the ability to systematically track pupils’ progress.

In summary, FMS assessment is a central component
of both pedagogical and research practice. Testing not only
revealsthe currentlevel of skill developmentbutalso identifies
risk factors, predicts motor development trajectories,
enables individualized instruction, and provides evidence-
based monitoring of program effectiveness. However, to
fully leverage the potential of FMS in educational settings,
standardization of criteria, unification of test batteries,
and wider implementation of digital assessment tools are
essential (table 9, 10).

Table 9. Assessment, Testing, and Measurement Criteria for FMS

Aspect of FMS Authors
P Key Concept / Approach Represented in the Importance for Theory and Practice
Assessment o
Literature
Lack of unified Wide variety of tests and author- Basman (2019); Lai  Complicates comparison of results; limits

assessment standards developed tools; absence of agreed-

upon FMS level criteria for ages 5-12.

etal. (2014)

standardization of instructional programs
and evaluation of their effectiveness.

TGMD (Test of Gross
Motor Development)

Criterion-referenced assessment of
locomotor and manipulative skills
(movement patterns, key execution
phases).

Ulrich (TGMD-2,
TGMD-3); Lubans et
al. (2010)

Enables detailed analysis of FMS technique;
well-suited for pedagogical interventions
and program evaluation.

MABC-2 (Movement Norm-referenced test; focuses on

Cools et al. (2011);

Used for screening motor difficulties;

Assessment Battery for
Children)

Mathisen (2016)

identifying motor impairments and
“at-risk” groups; includes tasks for
manipulation, balance, and agility.

identifies children needing special
interventions.

BOT-2 and other
comprehensive batteries

Extensive set of tests assessing fine
and gross motor skills, coordination,
strength, and agility; mainly used in
clinical and research settings.

Bruininks & Provides a detailed motor development
Bruininks; Holfelder  profile; useful for deep diagnostics but less
& Schott (2014) practical for mass school testing.

Gap between test
outcomes and real-life
skills

Test results do not always reflect
children’s behavior in everyday motor
situations; pedagogical observation is
crucial.

Mathisen (2016);
Hardy et al. (2012)

Highlights the need to complement formal
testing with qualitative movement analysis
in lessons and training sessions.

Early screening and
sensitive periods

Assessing FMS at ages 5-9 allows
identification of children at risk of
motor insufficiency and prevents the
development of the “negative spiral”

Stodden et al. (2008);
Barnett et al. (2016);
Logan et al. (2012)

Supports systematic early testing; justifies
incorporating FMS screening into school
PE programs.

Digital and video-
analytic methods

Use of video, kinematic analysis, and
pattern-recognition algorithms to
assess complex movements.

Ivashchenko et al.
(2018); Iermakov et
al. (2021)

Enables detailed analysis of technique,
personalized instruction, and prediction of
skill acquisition success.

Problem of defining
“high/low” EMS levels

Varying scales and thresholds
across studies; lack of consensus for
classifying children by FMS level.

Basman (2019); Lai
etal. (2014); Hardy
etal. (2012)

Hinders meta-analyses and unified
recommendations; underscores the need
for internationally agreed-upon norms.

FMS as a tool for
program monitoring

FMS assessments used to evaluate the
effectiveness of instructional/training
programs and the quality of the
educational environment.

Lubans et al. (2010);
Hulteen et al. (2018)

Allows not only child diagnostics but also
assessment of PE systems, schools, clubs,
and coaching programs.
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Table 10. Practical Guidelines for FMS Assessment

Practical Question

Recommended Approach

What should be used for school-based pedagogical
interventions?

TGMD-2 / TGMD-3 + pedagogical observation of movement
technique

How to identify children at risk of motor impairments?

MABC-2 / BOT-2 + teacher/parent questionnaires

How to assess complex movements (acrobatics, martial-arts
strikes)?

Video analysis + movement pattern-recognition models
(Ivashchenko, Iermakov, Khudolii et al.)

How to use FMS for monitoring school programs?

Periodic FMS testing (1-2 times per year) + analysis of class/school-
level dynamics

Discussion

The aim of this review was to summarize contemporary
theoretical and empirical evidence on the development
of fundamental movement skills (FMS) in children
aged 5-12, to systematize the findings across the leading
thematic domains, and to identify methodological gaps
requiring further investigation. The analysis showed that
FMS constitute a key foundation of motor development
and determine subsequent success in learning technical
motor actions, engagement in physical activity, and sport
specialization.

First, an analysis of theoretical models demonstrates
that international authors consider FMS as an integrated
construct that encompasses locomotor, manipulative,
and stability skills and is shaped by a child’s coordination
preparedness. It is emphasized that FMS form the basis of
motor competence, which in turn is associated with physical
activityand sport participation. This is supported by evidence
showing that a child’s ability to master technically complex
movements, progress toward specialized sport actions, and
maintain physical activity across the lifespan depends on
FMS levels. However, despite a well-developed theoretical
foundation, the analysis revealed a substantial lack of unified
FMS assessment criteria, which hinders standardization and
international comparability.

Second, the synthesis of empirical data indicates
a consistent relationship between FMS proficiency,
physical activity, physical fitness, and health. Children
with insufficient motor competence demonstrate lower
participation in physical activity, reduced confidence
during motor tasks, and limited access to team games.
This aligns with the international “negative spiral” model,
according to which low FMS levels in early school age may
determine sedentary behavior in adolescence. The review
also confirms that FMS serve as an indicator of the quality of
the educational environment: they are used for monitoring
the effectiveness of school programs, predicting children’s
engagement in sport, and assessing the motor culture of the
school population.

Third, the analysis of pedagogical strategies reveals that
the most effective approach to developing FMS involves
combining game-based models (active games, situational
exercises, GEL approaches) with structured repetition
modes. Game-based models promote motivation, social
interaction, and technical-tactical variability, whereas
structured repetition modes ensure controlled learning
progression. The evidence file emphasizes that the regulation
of load parameters (number of repetitions, rest intervals,
task sequencing) is a decisive factor in instructional

effectiveness, especially for children aged 5-12. Empirical
findings support the optimality of six-repetition modes
with 60-second rest intervals, which yield the greatest
improvements in manipulative skills in young children.
Complementing these results, the Spectrum of Teaching
Styles (Mosston & Ashworth) shows that effectiveness
increases when game-based and repetition-based strategies
are integrated into a coherent instructional decision chain—
from reproductive styles emphasizing technical precision
to productive styles fostering variability and autonomous
movement decision-making.

Fourth, within the domain of programs designed to
develop complex motor actions, the review identified strong
effectiveness of sport-oriented interventions, including
active games and exercises with elements of martial arts.
These approaches contribute not only to technical skill
development but also to improvements in physical qualities
(strength, power) and social competencies. However, the
effectiveness of such programs depends substantially
on the professional competence of teachers and coaches,
highlighting the need for specialized pedagogical training.

Fifth, the review identified the most significant
methodological gaps. Chief among these are the absence of
unified criteria for classifying FMS levels, inconsistencies
across testing instruments, and insufficient validity of
certain assessment procedures. Various scales (TGMD,
MABC, BOT-2, Peabody, etc.) often produce divergent
results for the same child population, making it impossible
to construct a universal rating system. Additionally, many
empirical studies have small sample sizes or insufficient
statistical power, highlighting the need for further research
with larger samples, clearly structured interventions, and
controlled performance conditions.

In summary, the findings of this review fully align
with the research objective. Theoretical approaches to FMS
structure were synthesized, empirical evidence regarding
their relationship with physical activity and health was
systematized, effective pedagogical models and learning
algorithms were described, and key methodological
limitations impeding standardization in FMS development
for children aged 5-12 were identified. The conclusions
underscore the need for the development of internationally
standardized assessment norms, more advanced intervention
research, and closer integration of FMS into physical
education and youth sports programs.

The review demonstrates that the development of
fundamental movement skills in children aged 5-12 results
from the interaction of three key factors: the structure of
FMS themselves, the quality of pedagogical influence, and
the characteristics of the educational environment. Their
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coordinated interaction ensures effective development of
motor competence.

The discussion confirms that FMS represent the foun-
dation for subsequent motor, physical, and sports activity;
insufficient FMS proficiency in early school years is associ-
ated with the emergence of a “negative trajectory” of motor
behavior. The strongest evidence relates to the effectiveness
of combining game-based learning models with structured
repetition modes, which support optimal learning gains and
maintain children’s motivation. The effectiveness of these
models depends significantly on teacher competence and
the availability of conditions for regular practice.

At the same time, the review identified a critical
methodological gap - the absence of unified FMS assessment
criteria, which complicates program comparison and the
implementation of common standards. This highlights the
need for further standardization of assessment tools and
development of internationally harmonized norms.

Thus, the integrated model derived from the material
positions FMS as a dynamic, manageable process that
requires targeted pedagogical strategies, early screening,
and a high-quality educational environment. It provides
a conceptual foundation for designing effective school
physical education programs and youth sport development
pathways and requires further research.

Limitations

o This narrative review does not claim completeness, as
it did not employ a full systematic protocol.

o Several studies included in the analysis had small
sample sizes.

o The absence of unified FMS criteria complicates
synthesis and generalization of findings.

Conclusions

The development of fundamental movement skills in
children aged 5-12 is a critically important task in early
sport training. The strongest evidence relates to game-
based learning models, sensory integration, and structured
repetition modes. It is essential to standardize FMS
assessment criteria and consider sensitive periods of motor
development.

Practical Recommendations

o Use game-based models (GEL, active games with
martial-arts elements).

o Plan training loads according to optimal repetition
modes.

o Apply a multisensory approach (visual, auditory,
tactile stimuli).

o Develop manipulative skills from age 5 using a
“simple > complex” progression.

o Provide regular monitoring of motor competence.

Future Research

« Development of unified criteria for FMS assessment.
« Examination oflong-term effects of different learning
models.

o Identification of sensitive periods for various FMS
categories.

o Comparison of the effectiveness of game-based vs.
technique-oriented methods.
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3HaTHICTDb e)eKTMBHO BUKOHYBATHU CKIafHiii cnoptysHi pyxn. FMS nos’s3ani 3 piBHeM (isn4HOI aKTMBHOCTI, 30POB’sIM, CIIOP-
TUBHOIO YCIIIIIHICTIO Ta JJOBTOCTPOKOBOIO TPAEKTOPIEI0 PYXOBOIO PO3BUTKY. BojHOYaC criocTepiraeTbcsA 3Ha4Ha Pi3HOPIHICTD Y
BJM3HAYEHHAX, I1efJaTOTiYHMX MiX0max Ta KpuTepiax oniHoBanHAa FMS, 1m0 yCK/IagHIOE CTaHAAPTU3AIiI0 HAaBYATbHMX IIPOrpaM.

Merta. Y3araIbHUTH CyYacHi TeOpeTHyHi, eMIipynyHi Ta mearorivyxi migxomm o popmMyBaHHA QyHIAMEHTANIbHUX PYXOBMX
HaBUYOK y fiiTelt 5-12 pOKiB Ta CMCTEMaTU3yBaTy JOKA30Bi MOJie/i HABYaHHA Y (biquHOMy BUXOBaHHI Ta MOYATKOBili CIIOPTUBHIII
MigrOTOBIII.

Marepianu i meropu. Ilomyk iteparypu 3pilicHeHo y 6asax Scopus, Web of Science, PubMed, ERIC, Google Scholar
(2000-2025). 3acrocoBano kom6iHawii kmovyopux cai “fundamental movement skills”, “motor learning”, “physical education”,
“instructional model”, “manipulative skills”, “early sport training”. JlonaTkoBO IIpOBefEHO CHDKKOBUII MOIIYK 3a IpansamMu Barnett,
Ivashchenko, Khudolii, Marchenko. [lo aHastisy BK/II04€HO eMIIpUYHI JOCTIKEHHS, OI/IAAN, KOHI[ENITya/IbHI MOJIe/Ii Ta IIPOrpaM-
Hi 3BiTH; BUK/TIOUEHO K/IiHIYHI BUOipkM Ta poboTu 6e3 ganux mongo FMS. CrHTe3 BUKOHAHO 3a JOMEHaMIL.

PesynbraTu. BusiBieHo 4oTMpK KII0YOBI HApsAMM CydacHUX pocmimkenb: (1) Teopernuni sacagu FMS. Bupineno tpu xa-
Teropii HABUYOK (JIOKOMOTOPHI, MaHIy/IATUBHI, cTabini3ariitHi), iX KOOPAMHALIIHY OCHOBY Ta KOHTEKCTYa/IbHY 3aJIe)KHICTD Bifl
yMoB HaB4yaHH:I. (2) 38’130k FMS i3 hisnuHOI0 akTUBHICTIO Ta 370p0oB’siM. Bricokmii piBerb FMS acoI[if0€ThCsI 3 BUIIOI0 PYXOBOIO
aKTMBHICTIO, KPAIIlO0 (i3NYHOIO Mi/TOTOB/IEHICTIO Ta HIDKYMM PU3MKOM OKVMPIHHS; MAHIIYIATUBHI HABUYKM € HAICW/IbHIIINM
[PeAUKTOPOM CriopTuBHOI y4acTi. (3) Ilemaroriuni mopmerni HaByauHs1. EdexTrBHMMY € irpoBi inTepBenuii (GEL-miaxin), cercop-
HO-IHTerpaTMBHI METOAM, CTPYKTYPOBaHi peXXIIMU IIOBTOPEHb i IporpaMoBaHe HaBYaHH:A CKIAHUX PyXiB. (4) MaHiny1aTuBHi Ta
ckafiHi pyxoBi fii. @opMyBaHHA KUJIKiB, TOBIHHA, YIapiB i BefleHHA M’sT4a € IIeHTPAJIbHOIO YMOBOIO BK/TIOUEHH JiTeN Y CIIOPTHB-
Hi irpy; onrumisalis HaBaHTaXXeHH: (6 IOBTOPEHb, nay3n 45-60 ¢) 3abesneyye MaKCUMaIbHNUII IPUPICT HABYEHOCTI.

BucnoBku. ®opmysanna FMS y Bini 5-12 pokiB € KTI040BMM KOMIIOHEHTOM (i3N'YHOTO BUXOBAaHHA Ta TOYATKOBOI Mi/ITOTOB-
ku B criopti. HaitedpexTnBHimMMy BUABMIICH KOMOiHOBaHI IIearoriyti Mofieri, 110 OeHYIOTh irpOBIIT KOHTEKCT, CCHCOPHO-iH-
TErpaTUBHI CTUMY/IM Ta CTPYKTYPOBaHi peXXMMI TOBTOPeHHsL. ICHYe Hara/bHa morpeba y craHgapTu3anii KpuTepiiB OLiHIOBaHHS
FMS, yHidikariii TecTOBUX iHCTPYMEHTIB Ta II0Ja/IbIIOMY BIIPOBa/PKEHHI 1M POBUX METO/IB aHAII3y PyXiB.

Kirouosi cmoBa: pyHaMeHTaIbHI PyXOBi HABUYKI; MOTOPHA KOMIICTEHTHICTD; (pisuuHe BMXOBAHHS; IearoridHi Mofier;
IIOYaTKOBAa CHOPTUBHA MiATOTOBKA.
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Abstract

Background. Cold-water immersion (CWI) is a commonly used recovery strategy among athletes, but evidence of its
effectiveness remains inconsistent due to variations in protocols and outcome measures.

Objectives. This systematic review aimed to evaluate the effects of CWI on post-exercise recovery in athletes,
focusing on physiological, performance, and perceptual outcomes.

Materials and Methods. Following PRISMA guidelines and PROSPERO registration (CRD420251068097), four
electronic databases (PubMed, Web of Science, Scopus, and ProQuest) were searched for randomized controlled
trials (RCTs) published between 2000 and 2024. Studies were included if they achieved a PEDro score >6. Twelve
RCTs met the inclusion criteria. Data were synthesized narratively, supported by vote-counting and harvest plots, as

heterogeneity prevented meta-analysis.

Results. CWI consistently reduced delayed-onset muscle soreness (DOMS) and muscle damage biomarkers (e.g.,
creatine kinase, lactate dehydrogenase) within 24-48 hours post-exercise. Several trials also reported improvements
in subjective recovery. The effects on neuromuscular performance (e.g., sprinting, countermovement jump) were
mixed and appeared context-dependent. Evidence regarding inflammatory markers (e.g., IL-6, CRP) was limited and
inconclusive. Variability in water temperature, immersion duration, and timing contributed to inconsistent outcomes

across studies.

Conclusions. The findings indicate that moderate-to-strong evidence supports the short-term use of CWI to
reduce muscle soreness and damage, as well as to enhance perceptual recovery. The effects on performance and
inflammation remain unclear, emphasizing the need for protocol standardization. CWI remains a practical tool for
athletes, especially in high-load or congested schedules, but its application should be individualized.

Keywords: cold-water immersion, athletic recovery, muscle soreness, randomized controlled trials, exercise-induced

muscle damage.

Introduction

Muscle recovery is a critical component of athletic
training and performance maintenance. Intense or
prolonged physical activity induces structural and metabolic
stress in skeletal muscle, resulting in exercise-induced
muscle damage (EIMD) (Mielgo-Ayuso & Fernandez-

© Patel, S., Shukla, A., Sharma, R., Chahal, A., & Das, R., 2025.
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Lazaro, 2021). Common symptoms of EIMD include
reduced muscular strength, stiffness, swelling, and delayed
onset muscle soreness (DOMS), all of which can negatively
impact subsequent performance if not adequately addressed
(Peake et al., 2017). Efficient recovery is particularly
essential in competitive sports settings, where athletes are
often required to perform multiple bouts of high-intensity
effort within limited recovery windows. Inadequate recovery
has been associated with increased fatigue, elevated risk of
injury, and impaired long-term performance adaptations
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(Doherty et al., 2021; Kellmann et al., 2018). In contrast,
the application of effective recovery strategies promotes
the restoration of muscle function, reduces inflammation,
replenishes energy stores, and enhances psychological
readiness (Edholm et al., 2024a). Recovery is now widely
recognized as an active phase of the training cycle, involving
integrated physiological, biochemical, and psychological
processes that aim to restore homeostasis and prepare the
athlete for subsequent workloads (Rebeloetal., 2025). Among
thevariousrecoverystrategies studied inrecent decades, cold-
water immersion (CWI) has garnered substantial attention
for its potential to alleviate DOMS and accelerate muscle
recovery. CWI typically involves submerging the body or
limbs in cold water (10°C-15°C) for 10-15 minutes following
exercise. The proposed benefits of CWI include reduced
muscle soreness, attenuated inflammation, and expedited
return to baseline performance levels. Mechanistically, CWI
is believed to act via peripheral vasoconstriction, reduced
metabolic activity, hydrostatic pressure effects, and altered
neuromuscular signalling, though these mechanisms
remain incompletely understood (Algafly & George, 2007;
Peake et al., 2017). Several randomized controlled trials
(RCTs) and meta-analyses have evaluated the efficacy of
CWI for enhancing post-exercise recovery. A 2025 network
meta-analysis concluded that medium-duration CWT at
moderate temperatures (11°C-15°C) significantly reduced
DOMS and improved markers of muscle function, such as
jump performance (Wang et al., 2025). Similarly, Xiao et
al. reported that immediate application of CWI following
strenuous exercise resulted in reduced subjective fatigue
and enhanced perceptual recovery (Xiao et al., 2023).
Despite such findings, the literature remains inconclusive
due to inconsistencies in CWI protocol parameters (e.g.,
temperature, immersion depth, duration), variation in study
populations, and heterogeneity in outcome measures.

These methodological discrepancies hinder direct com-
parisons between studies and limit the generalizability of
findings. Therefore, a systematic synthesis of high-quality ev-
idence is warranted to clarify the role of CWI in post-exercise
recovery. This systematic review aims to critically evaluate
randomized controlled trials published between 2000 and
2024 that investigated the effects of cold-water immersion
on post-exercise recovery outcomes. The review focuses on
key domains such as muscle soreness, muscle function, bio-
chemical markers of muscle damage, inflammation, fatigue,
and overall athletic performance. The findings will help es-
tablish the current state of evidence, identify optimal CWI
protocols, and provide evidence-based recommendations for
practitioners in sports science and athletic rehabilitation.

Materials and Methods

Registration

The present systematic review was guided by the
Preferred Reporting Items for Systematic reviews and
Meta-Analyses (PRISMA) statement (Page et al., 2021) and
registered in an international database of systematic reviews
in health and social care (PROSPERO CRD420251068097).

Literature Search: Administration and Update

A systematic literature search was performed, and
updated up to May 2025, in the electronic databases PubMed,

Web of Science, SCOPUS and ProQuest using the Boolean
operators AND/OR, in combinations with the keywords:
“muscle damage”, “muscle soreness”, “cold-water immersion’,
“cooling intervention”, “cold exposure”, “rct”, “random’,
“sport”, “athlete”, “player”, “muscle recovery’, “post-exercise
recovery’. One author (RD) conducted the initial search and
removed duplicates. Two authors (AS and SP) independently
screened the titles, abstracts, and full-texts of the retrieved
studies. The search results were then analysed according to
the eligibility criteria (Table 1). A third author (RS) resolved
potential disagreements between AS and SP.

Inclusion and Exclusion Criteria

Studies were selected based on predefined eligibility criteria
using the PICOS framework (Participants, Interventions,
Comparators, Outcomes, and Study Design) (Liberati et al,,
2009). Only original, peer-reviewed, full-text articles published
in English were considered for inclusion. Additional exclusion
criteria are detailed in Supplementary File 1.

Table 1 Inclusion criteria according to the PICOS
conditions

Items Details Inclusion Criteria
Population Athletes
Intervention  effects of recovery strategies, specifically cold-
water immersion, Contrast water immersion on
post-exercise recovery and performance.
Comparison ~ Two or more groups
Outcome muscle recovery (e.g., markers of muscle damage,
inflammation) and/or performance indicators
(e.g., strength, power, endurance)
Study Design  randomised controlled trials (RCT)
( Identification of studies via databases and registers \
L J
5 Records identified from*:
7 Web of science (n=054) Records removed before screening:
g PubMed (n=29) > Dupticate records removed (n =113)
g Scopus (N=160)
3 ProQuest (N=82)
= Total =525
J
l Records excluded**
— (a=390)
Animal- 2
Records screened (n =412) Combine effect-15
Contrast Bath 11
Cryotherapy- 32
Irrelevant- 185
Non-English-4
Review- 58
Non-Randomize- 23
Non-sports-19
= retracted article- 1
E Book, Thesis. Conference- 40
3 Full text article assessed Reports not retrieved
(n=22) (n=6)
s Reports excluded:
ﬁlezc;x;)s assessed for »| Low PEDro Score (n=4)
— !
3 -
= Studies included in review
3 (a=12)

Fig. 1 PRISMA flow chart of the study selection process
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Table 2. Characteristics of the studies examined in the present review

Author A N A Outcomes O (L T
ey Design Participants Intervention = Comparator Measured Main Findings
(Michelettiet RCT 64 male youth CWI (13°C, 15 Passive rest Lactate, HRYV, CWI improved lactate
al., 2019) footballers (13-17 min) DOMS, MVIC, clearance and HRV;
yrs) agility, sprint, no significant effect on
recovery score performance outcomes
(Leeder etal, RCT 16 male athletes CWI post- Control Sprint performance, CWI maintained sprint speed
2019) (rugby, hockey, tournament soreness and reduced soreness at
football) 24-48h
(Chowetal., RCT 24 amateur rugby ~ CWI (ice bath) Room temp Jump height, agility, Mixed results: improved
2018) players vsroom temp  immersion pain threshold jump recovery, no significant
water (25°C) effect on agility
(Halson et al,, RCT 24 cyclists CWI (15°C, Control Power output, CMJ,  No significant long-term
2014) 15 min) after adaptation markers  benefit; acute power
training blocks unchanged
(Parouty et RCT 14 competitive CWI (10°C, Passive rest 100m freestyle time, CWI improved 100m
al., 2010) swimmers 15 min) post- HR, lactate, RPE performance and reduced
sprint RPE/lactate
(Roonkiani et RCT 20 young male CWI (10°C, Control CK, LDH, muscle CWI reduced CK, LDH
al., 2020) soccer players 15 min post- soreness and soreness significantly at
match) 24-48h
(Elias et al., RCT 21 elite male CWI post- Passive CMJ, MVC, CWI improved CM]J and
2013) footballers match (10°C for recovery soreness, fatigue soreness at 24—48h; faster
10 min) neuromuscular recovery
(Ascensaoet RCT 20 junior soccer CWTIat 10°C Thermoneutral CK, Myoglobin, CWI reduced CK and CRP at
al,, 2011) players (18.2+1.3 for 10 min post- water CRP, DOMS (quad, 24-48h; improved strength
yrs) match immersion calf, adductors), and reduced quadriceps and
(35°C, 10 min)  Strength, Jump, calf soreness at 24h
Sprint (0-20m)
(Dunabeitia et RCT 34 recreational Massage + CWI Control Running economy, =~ CWI + massage preserved
al.,, 2022) runners lower-limb running economy; limited
biomechanics effects on biomechanics
(Leeder etal, RCT 15 trained athletes ~ Seated vs Passive control =~ Sprint recovery, Standing CWI more
2015) standing CWI DOMS effective in reducing DOMS
(10°C, 10 min) and improving sprint
performance
(Barberetal, RCT 20 male rugby Repeated CWI  Passive rest CM]J, strength, RPE, Improved strength and power
2020) players at 14°C for 15 DOMS, fatigue at 24-48h; reduced perceived
min fatigue
(Tavares et al., RCT 12 highly trained 12 min Passive CMJ height, muscle  No significant group X time
2020) volleyball cold-water recovery (rest  soreness, perceived  interaction for performance.
athletes (age: immersion in seated recovery, muscle CWI group had significantly
20.7 £ 2.6 years; all  (10°C) after each position) damage markers lower soreness and fatigue
male) training session (CK), fatigue ratings, during training week; no
for 5 days training loads effect on CMJ or CK.
(Janusiak et ~ RCT 48 basketball Recovery Active recovery Pressure pain Significant improvement in
al.,, 2025) players including CWI threshold pressure pain threshold post-
intervention
(Stearns et al., RCT 33 elite triathletes 10 min Passive rest (no DOMS, CK, No significant group x time
2018) (22 males, 11 cold-water CWI) myoglobin, IL- effects for any outcome.
females); mean immersion 6, CRP, cortisol, CWI did not enhance
age 40 = 11 years;  (CWI) at 10°C hydration (Usg, recovery of muscle damage or
participated in immediately BML), Tgi inflammation markers within
Ironman WC post-race 40 hrs post-race.
(Guo et al.,, RCT 30 elite male race  CWI: 10°C for CWT and IL-6, PGE2, RPE, CWI reduced IL-6 and PGE2
2022) walkers (3 groups, 10 min daily Control Muscle soreness vs CWT; no significant
n=10 each) post-training (stretching (VAS) change in RPE or soreness
over 15 days only)
(Sanchez- RCT 10 male adolescent Continuous Passive seated  Muscle soreness Both CWI protocols reduced
Urena et al., basketball players ~ CWI: 12 min recovery (12 (VAS), CM]J, thigh soreness and preserved CMJ;
2017) (14 +£ 0.4 yrs) at 12°C; min) muscle volume no volume change
Intermittent:
4x2 min +
1 min rest
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Data Extraction

Afterthefinalinclusion, the following data were extracted
from the articles: a) First author name and publication
year; b) Study design; ¢) Types of athletes; d) Participants’
characteristics age, sex, height, weight and sample size
by group; e) Session; f) Duration; g) Type of exercise
training; h) Characteristics of WCI (water temperature) ;
i) Characteristics of control group intervention, and j) The
main findings are related to predefined outcomes from the
experimental and control groups, comparing each other.
Data from the included studies were extracted independently
by one reviewer (RD), who consulted with another reviewer
(SP), and any discrepancies were resolved by a consensus by
the third reviewer (RS). Then, the data were transferred to an
Excel spreadsheet. This process follows Cochrane Consumer
and Communication Review Group’s standardised data
extraction protocol (Prictor & Hill, 2013).

Study Selection

The study selection process was conducted in multiple
stages. Initially, one reviewer (S.P.) performed the preliminary
screening, during which duplicate records were removed using
Zotero reference management software (Ivey & Crum, 2018).
Titles and abstracts were then reviewed to identify studies that
potentially met the predefined inclusion criteria focusing on
cold water immersion and post-exercise recovery in athletes.
In the next stage, the full texts of the shortlisted studies were
independently assessed by two reviewers (S.P. and A.S.) to con-
firm eligibility. Any disagreements regarding study inclusion
were resolved through discussion or consultation with a third
reviewer (R.D.). Ultimately, twelve randomized controlled tri-
als evaluating the effects of CWI on recovery outcomes in ath-
letic populations were included in this systematic review.

Risk of Bias Assessment

The methodological quality and risk of bias of the
included studies were independently assessed by two

reviewers (R.D. and A.C.) using the Physiotherapy Evidence
Database (PEDro) scale, a valid and reliable tool (De
Morton, 2009; Maher et al., 2003; Yamato et al., 2017), widely
used in CWI research (Cain et al., 2025; Malta et al., 2021;
Nye et al., 2016). Although referred to as a «methodological
quality» scale, the PEDro scale primarily evaluates elements
associated with the potential for bias in clinical trials. The
overall risk of bias of studies was interpreted using the
following convention (Cashin & McAuley, 2020) < 3 points
was considered as “poor” quality (i.e., high risk of bias),
4-5 points was considered as “moderate” quality, while
6-7 points and 8-10 points was considered as “good” and
“excellent” quality, respectively. For practical purposes and
given the nature of the research field, we considered studies
with > 6 points to have low risk of bias. Two authors (R.D.
and A.C.) independently assessed risk of bias, and a third
author (R.S.) helped to resolve discrepancies.

Results

A comprehensive search strategy was developed and
tailored for each database to optimize both sensitivity and
specificity. A total of 525 references were identified through
the search. After the removal of 113 duplicate records, 412
unique articles remained. Titles and abstracts were screened,
resulting in the exclusion of 383 records due to irrelevance,
conference proceedings, or review articles. The remaining 24
full-text articles were assessed for eligibility.

Risk of Bias of the Included Studies

According to the PEDro checklist results (Table 3), the
median (i.e., non-parametric) score was 6.0 (low risk of bias
- good quality), with four studies (Guo et al., 2022; Janusiak
et al., 2025; Micheletti et al., 2019; Sdnchez-Urefa et al.,
2017) attaining 4-5points (some risk of bias — moderate
quality), and 12 studies attaining 6 points (low risk of bias
- good quality).

Table 3 Rating of studies according to the Physiotherapy Evidence Database (PEDro) scale

Study 1 2 3 4 5 6 7 8 9 10 11 Score
1 (Micheletti et al., 2019) v v X X X X X v v v v 5
2 (Leeder et al., 2019) X v X v X X X v v v v 6
3 (Chow etal., 2018) v v X 4 X X X v v v v 6
4 (Halson et al., 2014) X v X v X X X v v v v 6
5 (Parouty etal., 2010) v v X v X X X v v ' v 6
6  (Roonkiani et al., 2020) v v X v X X X v v v v 6
7  (Elias et al., 2013) v v X v X X X v v v v 6
8  (Ascensdo et al., 2011) ' v X 4 X X X v v v v 6
9  (Dunabeitia et al., 2022) v 4 X v X X X 4 v v v 6
10 (Leeder et al., 2015) v v X v X X X v v v v 6
11 (Barber et al., 2020) v v X v X X X v v v v 6
12 (Tavares et al., 2020) v v X v X X X v v v v 6
13 (Janusiak et al., 2025) ' v X 4 X X X v X v v 5
14 (Stearns et al., 2018) v v X 4 X X X v v v v 6
15 (Guo et al., 2022) X v X X X X X v X ' v 4
16 (Séanchez-Urena et al., 2017) v/ v X 4 X X X v X v v 5
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Participant Characteristics and Intervention Overview

The characteristics of the participants and the cold-
water immersion (CWI) interventions from the included
studies are summarised in Table 3. A total of 12 studies
involving 301 competitive athletes (261 males and 40
females) were analysed. Participants were drawn from
a variety of sports disciplines, including football n = 3;
(Ascensao et al,, 2011; Elias et al., 2013; Roonkiani et al.,
2020), team sports combining rugby, football, and hockey
n = 2; (Leeder et al,, 2015, 2019), swimming n = 1; (Parouty
etal., 2010), cycling n = 1; (Halson et al., 2014), rugby n = 3;
(Barber et al., 2020; Chow et al.,, 2018), running n = I;
(Dunabeitia et al., 2022), triathlon n = 1; (Stearns et al,,
2018), and volleyball n = 1; (Tavares et al., 2020). Participant
ages ranged from approximately 18 to 41 years, with most
studies focusing on young adult athletes (18-22 years).
Endurance-based cohorts such as triathletes and runners
included older individuals (mean ages ~36-41 years).
Anthropometric characteristics were generally homogenous
within studies, with reported body mass spanning 62-86
kg and height between 168-188 cm. Female athletes were
underrepresented and were included in studies involving
rugby, swimming, and triathlon. All included participants
were reported as well-trained or elite-level athletes. Cold-
water immersion was the primary intervention across all
studies, with variations in protocol duration, frequency,
and water temperature. Control groups typically received
either passive rest or alternative recovery modalities such as
massage or contrast water therapy. The consistent application
of structured recovery interventions across diverse athletic
populations enhances the comparability and relevance of
findings for performance recovery research.

Interventions Characteristics

The CWI protocols employed across the 12 included
studies demonstrated considerable consistency in certain
parameters while also exhibiting methodological diversity
reflective of practical applications in sport recovery. Water
temperatures used for CWI ranged from as low as 5 °C to
approximately 15 °C, with the majority of studies utilizing
temperatures between 10 °Cand 14 °Cto induce the intended
physiological cooling effects. Immersion durations typically
spanned 10 to 15 minutes, although shorter exposure (e.g.,
I-minute immersion at 5 °C) and intermittent protocols
(e.g., two 5-minute immersions separated by rest) were also
reported. The depth of immersion was generally standardized
to include the lower limbs up to the level of the iliac crest or
hips, and athletes were commonly positioned in a seated
posture within temperature-controlled water baths. One
study directly compared seated versus standing CWI and
reported significantly different hydrostatic pressures at the
ankle, highlighting the influence of posture on immersion
efficacy. Timing of the intervention was also a critical
parameter, with all studies initiating CWT either immediately
or within 30 minutes following physical exertion, aligning
with recommendations for post-exercise recovery. Control
conditions varied across studies and included passive
rest at ambient room temperature (approximately 20-
28 °C), thermoneutral water immersion (25-35 °C), or no
treatment. Additionally, some studies included alternative

recovery modalities for comparison, such as contrast
water therapy — where participants alternated between hot
(38 °C) and cold (12 °C) immersion cycles—and therapeutic
massage involving standard friction and pressure techniques
applied by trained professionals. These variations reflect the
comparative interest in evaluating the relative benefits of
CWI versus other commonly used post-exercise recovery
strategies. Overall, while the core features of CWI - cold
temperature, post-exercise timing, and immersion of the
lower limbs — were consistently applied, the specific designs,
durations, and supplementary interventions differed across
studies. Such heterogeneity in protocols should be carefully
considered when interpreting pooled outcomes or assessing
the generalizability of findings within athletic populations.

Outcome Measures

The results of the included studies were categorized
based on the effects of CWI on various components of
physical performance and recovery in athletes. Outcome
measures were grouped according to specific fitness or
physiological parameters assessed across the studies,
such as muscle soreness, strength recovery, inflammatory
markers, and performance metrics. All included articles
were independently classified by the review authors based
on their primary outcome domains. Any discrepancies
in classification were resolved through discussion until
consensus was achieved. A summary of the studies along
with their predefined outcome measures is presented in
Table 4.

Effects of Cold-Water Immersion on Recovery Outcomes

Muscle soreness: Several studies have reported signifi-
cant reductions in delayed-onset muscle soreness (DOMS)
following cold-water immersion (CWI) compared to pas-
sive recovery or alternative modalities. For example, one
trial found that a 14-min immersion in \~14°C water imme-
diately after match-play significantly attenuated perceived
soreness at 48 h relative to contrast-water therapy or passive
rest (ES = 0.59). Similarly, a soccer study reported that a
single 10-min CWT at 10°C after a competitive match signifi-
cantly lowered soreness in the quadriceps and calf at 24 h, a
reduction interpreted by the authors as reflecting accelerated
neuromuscular recovery. In a simulated rugby match proto-
col, two 5-min immersions at 10°C (with a short intermis-
sion) likewise yielded markedly lower soreness scores at 24
and 48 h (large effect sizes) compared to a non-immersed
control, indicating a pronounced analgesic effect. By con-
trast, another investigation found no overall soreness differ-
ence between CWI and control, but observed that DOMS
at 48 h was significantly lower when immersion was per-
formed in a seated versus standing posture (p = .001, ES =
1.86), suggesting that hydrostatic pressure may influence
recovery. Collectively, these findings support the efficacy of
post-exercise CWI in attenuating DOMS, especially during
the 24-48 h window following high-intensity or competitive
exercise(Ascensio et al., 2011; Barber et al., 2020; Elias et al.,
2013; Leeder et al., 2015).

Muscle damage markers: Several studies have evaluated
the effect of cold-water immersion (CWI) on markers of
muscle damage following simulated sports protocols. Across
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Table 4 Research Output
Study N Sport MS MD IM STR PERF SUBJ POW

(Leeder et al., 2019) 21  Team sports 0 + + 0 + 0 0
(Chow et al., 2018) 18 Rugby 0 0 0 - 0 0 0
(Halson et al., 2014) 21 Cycling 0 0 0 0 + - +
(Parouty et al., 2010) 10  Swimming 0 0 0 0 - 0 0
(Roonkiani et al., 2020) 20  Athletes 0 + 0 0 0 0 0
(Elias et al., 2013) 16  Soccer + 0 0 0 + + +
(Ascensdo et al., 2011) 21  Team sports + 0 0 0 0 + 0
(Dunabeitia et al., 2022) 20 Running 0 0 0 0 0 + 0
(Leeder et al., 2015) 21  Team sports + 0 0 0 0 + 0
(Barber et al., 2020) 16 Rugby + + 0 + 0 0 +
(Tavares et al., 2020) 13 Volleyball 0 0 0 0 0 0 0
(Stearns et al., 2018) 33 Triathlon 0 0 0 0 0 0 0

MS = Muscle Soreness, MD = Muscle Damage Markers, IM = Inflammatory Markers, STR = Strength, PERF = Performance,
SUBJ = Subjective Recovery or Fatigue, POW = Jump or Power Performance. ‘+” indicates a significant beneficial effect of CWI, ‘=
indicates a significant detrimental effect, ‘0" indicates no significant difference.

these investigations, creatine kinase (CK) consistently
emerged as a key biomarker of muscle membrane disruption.
In a simulated tournament scenario, CK levels significantly
increased following each bout of exercise, with progressive
accumulation across three sessions (p < .001). However,
participants in the CWI group demonstrated significantly
lower CK concentrations before (p = .004) and after (p =
.001) the final bout compared to controls, though this effect
did not persist at 24 hours post-exercise, suggesting transient
protective effects. Interleukin-6 (IL-6) levels were acutely
elevated post-exercise (p <.001) but were significantly lower
in the CWI group after the first (p =.003) and third bouts (p
=.038), indicating an acute anti-inflammatory effect, while
C-reactive protein (CRP) also increased over time (p < .05),
yet no between-group differences were observed at 24 hours,
suggesting minimal influence of CWI on prolonged systemic
inflammation (Leeder et al., 2019). Similarly, in a soccer-
specific study, significant group x time interactions were
found for CK (F(4,64) = 6.64, p = .0012, n* = 0.293) and
lactate dehydrogenase (LDH) (F(4,64) = 2.86, p = .0471,
n? = 0.152), with the CWI group exhibiting significantly
lower levels of CK at 24 (p = .031) and 48 hours (p = .045),
and reduced LDH at 24 hours (p = .015), confirming the
muscle-protective effects of CWTI in prolonged intermittent
exercise (Roonkiani et al., 2020). In another investigation
involving a simulated rugby protocol, repeated CWI (2 x 5
min at 10°C) led to large reductions in CK concentrations
at 24 hours (d = -2.63) and 48 hours (d = -2.20), compared
to the control group, indicating substantial attenuation
of muscle damage(Barber et al., 2020). Collectively, these
findings suggest that CWI is effective in blunting post-
exercise elevations in CK and IL-6, with more modest or
inconsistent effects on systemic inflammatory markers such
as CRP and LDH, particularly within the initial 48-hour
recovery window.

Inflammatory Markers: Amongthetwelvestudiesincluded
in this review, only one study Leeder and his colleagues
evaluated the effect of CWI on inflammatory markers. This
study assessed interleukin-6 (IL-6) and C-reactive protein

(CRP) as indicators of systemic inflammation following
repeated sprint exercise. While both IL-6 and CRP levels
increased post-exercise, reflecting a typical inflammatory
response to high-intensity physical exertion, the application
of CWI did not significantly attenuate these elevations
compared to the control condition. These findings suggest
that, within the context of repeated sprint activity, CWI may
have a limited influence on modulating acute inflammatory
responses. Therefore, evidence for the anti-inflammatory
effects of CWI remains inconclusive and warrants further
investigation in future research (Leeder et al., 2019).
Performance outcomes: Performance outcomesacross the
included studies were assessed through various metrics such
as sprint speed, countermovement jump (CM]J), maximal
voluntary contraction (MVC), repeated time-trial efforts,
and agility-based tasks. The findings revealed mixed effects
of CWI on performance, with variations depending on the
type of activity, measurement timing, and athletic context.
Leeder et al. reported a significant group x time interaction
in sprint speed at 24 hours following repeated intermittent
running (LIST protocol), with the CWI group maintaining
sprint performance while the control group exhibited a
decline (p = .034; ES = 0.83 £ 0.59). In contrast, CM]J and
MVC demonstrated only trivial, non-significant reductions
in both groups, suggesting that CWI did not substantially
influence neuromuscular recovery in terms of power or
strength capacity (Leeder et al., 2019). In a longitudinal
training context, researcher found that CWI during a
simulated cycling Grand Tour enhanced performance in
short, high-intensity efforts. The CWI group showed likely
beneficial improvements in 1-second peak power (+4.4% +
4.2%) and repeat maximal 4-minute cycling bouts (+3.0%
+ 3.8%), without hindering adaptation to longer-duration
efforts such as the 10-minute time trial. These findings
support the role of CWI in preserving or enhancing
repeated power output under heavy training loads (Halson
et al., 2014). Conversely, a group of authors observed a
performance decrement in well-trained swimmers following
CWI. Athletes recorded significantly slower 100-meter sprint
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times after CWI (65.6 £ 3.4 s) compared to passive recovery
(64.2 £3.5 s; p < .05), despite perceiving better recovery.
This suggests that CWI may impair short-term explosive
performance, potentially due to residual cooling effects
affecting neuromuscular contractility (Parouty et al., 2010).
A team of researchers investigated performance in elite
footballer’s post-match and found no statistically significant
benefits of CWI on sprint (10 m and 20 m), agility (505
test), or CM]J. However, CM]J height was better maintained
in the CWI group relative to the control group, implying
a possible neuromuscular preservation effect, although
between-group differences were not significant (Elias et al.,
2013). Overall, the evidence indicates that CWI may offer
selective benefits for performance recovery, particularly for
short-duration, high-intensity efforts. However, its effects on
explosive or agility-based performance are less consistent,
and in some cases, may even be detrimental if applied prior
to competition. These variations likely reflect differences in
protocol, sport specificity, and physiological demands.

Strength recovery: Two randomized controlled trials
investigated the effects of cold-water immersion (CWI)
on strength recovery following exercise-induced muscle
damage, with contrasting outcomes influenced by differences
in protocol. Chow et al. examined the acute effects of a single
brief immersion at 5°C and found a significant reduction in
isokinetic peak torque of the knee extensors (-8.15%, p =
.018) and countermovement jump (CM]J) height (-3.23%,
p = .030) post-intervention, indicating impaired muscular
strength and explosive power(Chow et al., 2018). In contrast,
researchers employed a repeated immersion protocol (2 x 5
min at 10°C) and reported enhanced recovery of maximal
voluntary isometric contraction (MVIC), with strength
returning to baseline by 48 hours post-exercise (100.4% in
the CWI group vs. 85.8% in control) (Barber et al., 2020).
These findings suggest that while very cold, short-duration
CWTI may negatively affect immediate strength performance,
repeated immersion at moderate temperatures is more
effective in promoting strength recovery during the post-
exercise period.

Subjective recovery/fatigue: Cold-water immersion
(CWI) appears to be an effective strategy for improving
subjective recovery and reducing fatigue in athletes
following intense training or competition. Multiple studies
have reported that CWI significantly enhances perceived
recovery and reduces fatigue-related symptoms. Athletes
who underwent CWTI interventions (typically 10 minutes at
10°C) consistently reported better recovery perceptions at
24-48 hours post-exercise compared to control groups, as
evidenced in studies involving footballers (Ascensio et al.,
2011; Elias et al., 2013), endurance runners (Dufabeitia et
al., 2022), and team sport athletes (Leeder et al., 2015). These
benefits were reflected through higher perceived recovery
scores, lower ratings of fatigue, and reduced delayed onset
muscle soreness (DOMS) using tools such as Likert scales,
visual analogue scales, and RPE. However, findings by
Halson et al. suggest that while CWI may offer short-term
perceptual benefits during periods of intensified training,
it might have detrimental effects on recovery perception
during taper phases (Halson et al., 2014). Overall, the
evidence supports CWT as a beneficial recovery modality for
improving subjective outcomes in the short term, particularly
during high training loads or competitive periods.

Power Performance: Cold-water immersion (CWI) has
shown mixed effects on power performance outcomes,
with evidence suggesting that its efficacy may depend on
the training context and recovery timeline. Several studies
report positive effects of CWI on restoring lower-limb
power, particularly as measured by countermovement
jump (CM]J) height and maximal voluntary isometric
contraction (MVIC). In elite footballers and rugby athletes,
CWI was effective in attenuating post-exercise declines in
CM] performance and promoting faster recovery of muscle
strength within 24-48 hours (Barber et al., 2020; Elias et al.,
2013). Barber et al. further demonstrated that repeated CWI
sessions significantly restored both CMJ and MVIC values to
baseline levels, with large effect sizes supporting its utility in
high-impact team sports. Conversely, Halson et al. found no
significant benefit of CWI in preserving CM] performance
during prolonged intensified training or taper phases
in competitive cyclists, indicating that CWI may be less
effective in mitigating chronic training-induced power loss
(Halson et al., 2014). Overall, CWI appears to be beneficial
for short-term recovery of explosive power following acute
bouts of strenuous activity, especially in collision-based or
intermittent sports.

Summary of inconsistencies: Across domains, findings
were not uniform. Variability likely reflects differing
protocols and exercise types. Notably, one study using very
cold water (5°C) found some negative outcomes (Chow et
al.), whereas studies with milder temperatures (~10-12°C)
more often saw benefits. The frequency and timing of
immersion (single post-event vs repeated daily exposures)
and the nature of the exercise (contact sports vs endurance
events) also varied widely among trials. These factors may
explain why some studies observed no effect or even slight
impairments with CWI, despite a general pattern of reduced
soreness, lower damage markers, and faster subjective
recovery. Overall, while most evidence favors a beneficial role
of CWTI for soreness, muscle damage, and some performance
and strength outcomes, the magnitude of benefit appears
context-dependent.

Discussion

Summary of Key Findings: This systematic review
examined the effects of CWI on post-exercise recovery
in athletes, synthesizing evidence from 12 randomized
controlled trials involving 301 participants from various
sporting disciplines. The analysis revealed that CWI
consistently reduces delayed-onset muscle soreness (DOMS)
within the first 24-48 hours following intense exercise.
Reductions in muscle damage biomarkers, particularly CK
and lactate dehydrogenase (LDH), were also frequently
reported, suggesting CWT’s protective effects on muscle
integrity. Improvements in subjective recovery metrics such
as perceived fatigue and recovery ratings were observed
across multiple trials. However, the effects of CWI on
neuromuscular performance outcomes, including sprinting,
jumping, and maximal voluntary contraction, were
heterogeneous and context-dependent. Limited evidence
was available on systemic inflammatory markers, restricting
conclusions in this domain.

Comparison with Existing Literature: The findings of the
present review align with existing literature that highlights
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the short-term benefits of CWT in attenuating post-exercise
soreness and muscle damage. Meta-analyses by (Dupuy et
al., 2018; Machado et al., 2016; Wang et al., 2025) support
the analgesic and biochemical benefits of CWI, particularly
when immersion is conducted shortly after exercise using
water temperatures between 10-15 °C for 10-15 minutes.
Similarly, recent systematic reviews have indicated moderate-
to-large effect sizes for CWI in reducing DOMS and CK
concentrations (Hohenauer et al., 2015; Poppendieck et al.,
2013). However, the literature presents divergent findings
on performance outcomes. While some trials have reported
improved or preserved sprint performance and explosive
power following CWT (Elias et al., 2013; Leeder et al., 2019),
others have documented either no change or performance
decrements, especially with very cold immersion (<6°C)
or when applied before competition (Halson et al., 2014;
Parouty et al., 2010). These inconsistencies are also reflected
in prior reviews (Croft et al., 2012; White et al., 2014),
emphasizing the importance of protocol specificity, sport
context, and timing relative to the performance task.

Mechanistic Explanations: The observed effects of
CWTI can be explained by several interrelated physiological
mechanisms. Cold exposure leads to peripheral
vasoconstriction, which reduces local blood flow, limiting
edema formation and the infiltration of inflammatory cells
(Peake etal., 2016; Wilcock et al., 2006). Hydrostatic pressure
exerted during immersion enhances venous return and
lymphaticdrainage, contributingto the clearance of metabolic
byproducts (Xiao et al., 2023). Additionally, reduced tissue
temperature slows metabolic activity, decreases nerve
conduction velocity, and dampens nociceptor sensitivity—
thereby producing analgesic effects and improving perceived
recovery (Algafly & George, 2007; White et al., 2014). On
the molecular level, CWI may modulate the expression of
heat shock proteins, pro-inflammatory cytokines (e.g., IL-6),
and oxidative stress markers, although these effects appear
to be transient and vary across individuals and exercise
types (Howatson & Van Someren, 2008). Conversely, the
application of CWI at excessively low temperatures or for
prolonged durations may impair muscle contractility by
decreasing excitation-contraction coupling efficiency and
enzymatic function, potentially explaining the short-term
performance decrements observed in some trials (Pointon
& Duffield, 2012; Vaile et al., 2008).

Clinical and Practical Implications: These findings carry
significant implications for coaches, athletes, and sports
medicine professionals. CWI appears to be a valuable
recovery tool for mitigating muscle soreness, minimizing
muscle damage, and improving perceptual recoveryfollowing
high-intensity or collision-based sports. It is particularly
useful during congested competition schedules, where
rapid recovery is essential. However, CWI should be applied
with caution prior to performance tasks requiring maximal
neuromuscular output due to potential residual cooling
effects. Protocols should be tailored to individual needs,
considering sport type, recovery window, and immersion
parameters. Integrating CWI with other modalities—such
as sleep hygiene, nutrition, and compression—may optimize
recovery outcomes (Edholm et al., 2024b; Kellmann et al,,
2018).

Strengths and Limitations: This review presents several
methodological strengths. A comprehensive search strategy,

use of standardized data extraction (Cochrane protocol),
and rigorous quality assessment using the PEDro scale (with
most studies scoring >6) enhance the internal validity of
the findings. The focus on randomized controlled trials
strengthens causal inference. However, limitations should be
noted. Considerableheterogeneityin CWIprotocols—suchas
immersion temperature, duration, and timing—complicates
cross-study comparisons. Most participants were young,
male, well-trained athletes, limiting generalizability to other
populations such as females, adolescents, or recreational
athletes. Furthermore, small sample sizes, lack of blinding,
and limited long-term follow-up in most trials restrict
the external validity and clinical applicability of findings.
Publication bias could not be ruled out due to the absence of
formal funnel plot analysis.

Recommendations for Future Research: Future studies
should aim to standardize CWI protocols by systematically
varying immersion parameters to determine optimal
dosing strategies for different sports and recovery timelines.
Research involving female athletes, older populations, and
underrepresented sports (e.g., endurance disciplines) is
warranted to enhance generalizability. Further exploration
of the molecular and systemic effects of CWI—particularly
its influence on cytokine profiles, oxidative stress markers,
and long-term adaptations—would clarify the underlying
mechanisms. High-powered, multi-centre trials with
adequate follow-up are needed to evaluate the chronic effects
of CWI on performance, recovery kinetics, injury risk, and
training adaptation.

Conclusion

This systematic review provides moderate-to-strong
evidence supporting the short-term efficacy of cold-water
immersion (CWI) as a post-exercise recovery strategy.
CWTI was consistently effective in attenuating delayed-
onset muscle soreness and reducing biochemical markers
of muscle damage, particularly creatine kinase, within 24
to 48 hours post-exercise. Improvements in subjective
recovery ratings further reinforce its practical utility in
high-performance and competitive sport settings. However,
the effects on neuromuscular performance outcomes such
as sprint speed, countermovement jump, and maximal
strength were variable and context-dependent. Similarly,
evidence on inflammatory markers remains limited and
inconclusive. The therapeutic benefit of CWI appears
to be influenced by protocol characteristics, including
water temperature, immersion duration, and timing of
application. Therefore, individualized application based
on sport demands, athlete characteristics, and recovery
objectives is recommended. Given the heterogeneity in study
designs and underrepresentation of female and recreational
athletes, further high-quality randomized controlled trials
with standardized protocols are warranted. Long-term
studies investigating the chronic effects of CWI on training
adaptation, performance, and injury prevention are also
necessary to optimize its role in sports recovery frameworks.

Key Points

o Cold-water immersion (CWI) consistently reduces
delayed-onset muscle soreness (DOMS) and muscle
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damage markers (e.g., creatine kinase, LDH) within
24-48 hours post-exercise.

o Subjective recovery (fatigue, perceived recovery)
is frequently improved with CWI, supporting its
practical use in competitive and high-load athletic
contexts.

o Effects on neuromuscular performance (sprint,
jump, strength) are variable, showing benefits in
some settings but neutral or even negative outcomes
in others.

« Evidence on inflammatory markers remains limited
and inconclusive, highlighting the need for further
research.

o Protocol standardization (temperature, duration,
timing) is crucial, as heterogeneous methods
contribute to inconsistent findings.
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3aHypeHHA y XonoaHy BoAy Ta CNOPTUBHEe
BigHOBNEeHHA: CucTeMaTUYHNI OrNAg[ PaHAOMiI30BaHMX
KOHTPONbOBaHUX aocnigxeHb (2000-2024)

Cauin ITatens'A“?, Anmryman Illykma'®?, Peny Illapma®®“®, Apuana Yaxam*AP, Pamxpmin Jac*ABCP

"VuiBepcurer Jerni

*Yuiepcurer [Ipunnecn Hypu 6inT AGpyppaxman

*YuiBepcurer Annaxabay

*HanioHabHuit iHCTUTYT (i3nYHOro BUXOBaHHs iMeHi Jlakimibaii

ABTOpPCHKNMII BKIAJ: A — au3aitH gocnipkenHs; B — 36ip ganux; C - cratananis; D — migroroska pykorcy; E — 36ip kowrtis

Pedepar. Crarts: 12 c., 4 Tabmn., 1 puc., 48 mxepern.

IcTopis nuTanHA. 3aHypeHHA y X0/0AHY Boxy (3XB) € moumpeHoo cTparerieio BiffHOBIEHHS cepef] CIOPTCMEHIB, IPOTe J10-
Kasy ii epeKTUBHOCTI 3a/IUIIAIOTLCA CYNepewINBIMU Yepe3 po361XKHOCTI B IIPOTOKO/IAX T4 METO/IAX OL[{HKM Pe3y/IbTaTiB.

Merta pocmipkeHHs. Lleit cucTeMaTVyHMI OI/IA] MaB HA MeTi OLIiHUTY BIUIMB MeTOfuKy 3XB Ha BiTHOB/IEHHA CIIOPTCMEHIB
ic/IA TPeHyBaHb, 30CePeIMBIINCD Ha (i310I0TIYHUX, TPOJYKTUBHUX Ta IHEPLEITUBHUX OKa3HNKaX.

Marepianu Ta MeTOAM. 3TifHO 3 peKOMEeH/AlliAMI IepeBAKHIX €IeMEHTIB 3BITHOCTI /I CMCTeMAaTUYHNX OIVIANIB i MeTa-
anaisiB (PRISMA) Ta MDKHapOZHOTO IIPOCIEKTUBHOTO peecTpy crucTeMarndnux ormagis (PROSPERO) (CRD420251068097),
IPOBEIEHO TIOIIYK y YOTUPbOX €IeKTPOHHUX HayKoMeTpumuHMX 6azax manmx (PubMed, Web of Science, Scopus ta ProQuest)
I[OZI0 PAH/IOMI30BaHMX KOHTPO/IboBaHMX focaimkens (PK]), ony6rikoBanux y mepiog 3 2000 mo 2024 pik. [lo anasisy BKIode-
HO JIOCTiI>KeHHA, AKi orpumany nokasHuk PEDro >6. Kputepiam BkarodeHHs Bignosifano 12 PK]I. CuHTes faHUX 3[iliCHEHO Y
¢dopmi omncy, MAKpilIeHOro MigpaxyHKOM roociB Ta rpadikamu 360py iHdopMallii, OCKiNbKY reTeporeHHICTh HepelKomKaa
IIPOBEJIEHHIO MeTaaHali3y.

PesynbraTi. 3acTOCyBaHHA METOAMKM 3aHYPEHHS Y XO/IOAHY BOAY CIIPUAJIO MOCiIOBHOMY 3MEHIIEHHIO CUHAPOMY Bifi-
cTpoueHoro M’s13080ro 600 (CBMB) Ta 6ioMapKepiB OIIKOMKeHHsT M sI3iB (HaIpUK/Iaf], KpeaTMHKiHA3Y, TaKTaTHeTipOoreHasn)
npoTsiroM 24-48 rofyH mic/Ist TPEeHYBaHHA. Y KiTBKOX [JOCIPKEHHSIX TaKOXK IOBIZOM/ISUIOCS TIPO MOJIMIIEHHsI Cy6’ EKTUBHOTO
Bi[HOBJIEHH:. BIIMB Ha HEPBOBO-M 5130BY IPOAYKTUBHICTb (HAIIPUKIIAJ], CIPUHT, CTPUOOK i3 KOHTPPYXOM) OYB HEOHO3HAYHIIM
i, SIK BUSIBIIIOCS, 3a/1eXKaB Bijj KOHTEKCTY. JJ0Ka30Bi jaHi oo MapkepiB sananeHHs (Hanpuknag, IL-6, CRP) 6ym/1 0OMeXeHuMI
i HemepekoH/MMBUMU. BapiabenbHicTh TeMIepaTypu BOAM, TPUBAIOCTI 3aHYPEHH:A Ta YaCOBUX PAMOK CIIpUs/Ia HEOZHOPIZHOCTI
Pe3ynbTaTiB y PisHMUX JOCTIKEHHAX.

BucnoBku. Pesynbraty gocmifikeHHA CBiyaTh PO HAABHICTb MOMipHNUX Ta I€PEKOH/IMBUX JOKa3iB JOLIIbHOCTI KOPOTKO-
CTPOKOBOTO 3aCTOCYBaHHsI MeTOAMKN 3XB 3 MeTOI0 3MeHIIeHHsI M sI30BOTO GOJII0 Ta MOLIKO/PKEHHST, @ TAKOXK MOJIIIIeHHs Hep-
LIEIITYBHOTO BifHOB/IEHHs. BIUINB Ha IPOAYKTUBHICTD TA 3alla/ICHHs 3a/IMIIAETHCS He3 ICOBAHNUM, IO MIAKPeC/Ioe HeoOXifHICTD
cTaHfapTusalii npotoxkony. 3XB 3amuuIaeTbcsa MPakKTUYHUM iHCTPYMEHTOM [JI CIIOPTCMEHIB, 30KpeMa IIpY BIMCOKMX HaBaHTa-
JKEHHsIX 260 HaIpy)xeHoMy rpadiky, ofHaK 3aCTOCYBaHH L€l MeTOAMKY Ma€ OyTH iHAMBIyaTi30BaHO.

Kiro4oBi cnoBa: 3aHypeHHs y XOTIOAHY BOAY, CHOPTVBHE BiTHOB/IEHHs, M 130BUiT Oi/1b, paHIOMI30BaHi KOHTPO/IBOBAHI f10-
CITiKEHHsI, TTOIIKOKEHH M 5131B, clipianHeHe (GisnaHIMI HaBaHTOKEHHIMIL.
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Abstract

Objectives. This study aimed to investigate the effectiveness of interventions targeting mental toughness (MT) in
sport.

Materials and Methods. Eligibility criteria encompassed quantitative controlled experimental studies of MT
interventions in athletes. Information sources comprised studies indexed in Web of Science, PubMed, Scopus,
Embase, and SPORTDiscus from inception to April 13, 2025. Reference lists of included studies were also screened.
Risk of bias was considered as follows: Two authors independently assessed the reporting quality and risk of bias of
included studies using a modified Downs and Black index. Regarding the synthesis of results, the standardized mean

difference (SMD) was calculated to evaluate the effects of interventions using the random effect model.

Results. This review included a total of 10 studies involving 465 participants, with sports primarily including

soccer (24.7%), basketball (19.7%), and table tennis (17.5%). Seven studies (67.3%) employed a combination of
psychological skills training interventions. The meta-analysis incorporated all 10 studies and their respective
experimental groups to elucidate the overall efficacy of MT training programs. The pooled effect size was statistically
and practically significant, yielding a large standardized mean difference of g = 0.81 (95% CI 0.57-1.05, p < 0.001),
indicating a substantial advantage of MT training interventions over control conditions.

Conclusions. This meta-analysis provides strong empirical evidence supporting the effectiveness of psychological
interventions — particularly multicomponent Psychological Skills Training (PST) — in enhancing mental toughness
among athletes across different sports. However, due to the lack of long-term follow-up assessments, reliance on
quasi-experimental designs, and diversity in measurement approaches, the findings should be interpreted with
caution. To advance the field, further research should adopt more rigorous methodologies, including large-scale
randomized controlled trials and longitudinal designs, to identify the most effective components and delivery
methods for developing mental toughness. These efforts will ultimately inform evidence-based practices for coaches,
psychologists, and practitioners aiming to cultivate high-performing athletes.

Keywords: mental toughness, psychological skills training, athletes, intervention.

Introduction

Over the past few decades, sports researchers have been
dedicated to exploring the concept of mental toughness,
aiming to gain a deeper understanding of individuals
who can consistently deliver high - level performances
in challenges, stress, or adversity (Konter et al., 2019).
To enhance comprehension of mental toughness, studies

© Lan, J.,, Ahmad Rashid, R.-A., & Chen, S., 2025.

@ PETM
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employing quantitative or qualitative methods have been
conducted across various sports categories. These efforts
have led to updates and more empirical advances in the
conceptual construction (e.g., Jones et al., 2002; Clough
et al., 2002; Gucciardi et al., 2008), assessment tools (e.g.,
Clough et al., 2002; Sheard et al., 2009), and effectiveness
of mental toughness (e.g., Clough & Strycharczyk, 2012;
Mahoney et al., 2014). Since the millennium, the growing
research interest, driven by the potential link between mental
toughness and successful performance, has clearly reflected
the value placed on this concept by sport psychologists,
coaches, and athletes.
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Mental toughness training is crucial for enhancing
athletes’ psychological qualities. Research indicates that
the cultivation of mental toughness a nonlinear, long-
term process driven by a continuous interaction between
individuals (training, experiential learning), society, and
the environment (support systems) (Connaughton et al.,
2008). Studies based on interviews and analyses have shown
that factors such as the sporting process, interpersonal
relationships within and beyond sports, and the broader
family and social environment all contribute to the
development of mental toughness, through the navigation
of both positive and adverse experiences (Thewell et al.,
2010). In addition, coaches play a key role in psychological
resilience training. They can boost athletes’ mental
toughness by creating a positive training environment
and teaching mental strategies such as goal - setting,
visualization, positive self - talk, and mental rehearsal (Butt
etal, 2010). Prior research has underscored the importance
of cultivating independence and adaptability in young
athletes within an environment that is both supportive and
challenging (Cook et al., 2014). Through a systematic review
focusing on studies in athletic and competitive contexts, an
integrated framework was proposed, positing that mental
toughness arises from the dynamic interactions among
individual attributes, contextual systems, and participation
in progressively challenging activities as a long-term
process (Anthony et al., 2016). Building on this, subsequent
studies proposed coach-targeted educational programs that
integrate mental toughness theory with the GROW model to
facilitate the development of mental toughness among elite
athletes (Anthony et al., 2018). From the perspective of sport
psychology, it has been suggested that coaches can effectively
enhance athletes’ mental toughness by exposing them to
challenging situations and teaching relevant psychological
skills (Weinberg et al., 2016). Furthermore, research
emphasizes the need for coaches to adopt intentional
strategies in fostering mental toughness—taking intoaccount
individual athlete differences, promoting autonomy, and
creating environments that are simultaneously supportive
and demanding (Weinberg et al., 2018).

However, most studies are limited to qualitative
interviews or quantitative cross — sectional designs. The lack
of evidence - based information on effective developing
and sustaining mental toughness training strategies has
hindered the progress of mental toughness training practices
(Stamatis et al., 2020). Therefore, a systematic summary and
evaluation of the effectiveness of empirically - tested mental
toughness interventions in sports is necessary.

There is no denying that some narrative and systematic
reviews have been published to explore various strategies
for developing mental toughness (MT) and offering insights
and support for relevant practices. However, these reviews
predominantly focus on qualitative research, cross-sectional
studies, or the integration of mixed-methods observational
research with quantitative experimental studies (e.g.,
Crust & Clough, 2011; Anthony et al., 2016; Stamatis et al.,
2020). Guided by PRISMA standards, this review centers
on quantitative experimental research concerning mental
toughness interventions. It aims to conduct a systematic
review and meta-analysis of all available empirical evidence
regarding the effectiveness of MT training. By doing so, it
seeks to provide guidance for potential recommendations

that can help practitioners and researchers design and
evaluate evidence-based MT training programs. Thus, this
study intends to systematically review and meta — analyze
existing evidence to address the research question of whether
there are valid and empirical interventions for sport MT
training.

Materials and methods
Eligibility criteria

After an initial search for relevant literature, the author
team drafted and revised the eligibility criteria. Following
the Population, Intervention, Comparison, Outcome, and
Study design (PICOS) principles, the study selection criteria
were as follows:

Population: Participants included athletes of any age
or gender involved in a sport who received varying levels
of mental toughness (MT) interventions. These athletes
originated from two types of studies: those that specifically
employed psychological and/or physical methods to enhance
athletes’ MT levels, and those that assessed MT changes as
a byproduct of athletic training protocols not necessarily
targeting MT.

Intervention: MT interventions broadly encompassed
any psychological and/or physical strategies prescribed
to athletes to influence their MT levels. There were no
restrictions on the type, components, frequency, or duration
of the training.

Comparison: The comparison focused on the differences
between a control group and an experimental group in
outcome variables resulting from the interventions.

Outcome: Studies were required to include outcome
measures related to MT. These outcome measures were
obtained through pre - and post - tests (including self —
report tools specifically designed to measure MT and other
tools used by researchers to infer athletes’ M T levels).

Study design: This protocol involved quantitative pre-
and post - test experimental studies aimed at investigating
the effects of MT interventions on athletes” MT levels. Both
randomized controlled trials and non - randomised studies
(e.g., quasi — experimental designs) were considered, while
Case studies and single-arm studies were excluded. There
was no publication date limitation, but the studies were
restricted to English — language papers.

Information Sources

The authors searched the following five electronic
databases to identify relevant studies: Web of Science,
PubMed, Scopus, Embase, and SPORTDiscus. Additionally,
the reference lists of included studies, related reviews, and
books were screened to identify other potentially relevant
sources. The search was not restricted by publication year
but was limited to articles published in English. The final
search was conducted on April 13, 2025.

Search Strategy

This systematic review and meta-analysis were
conducted in accordance with the PRISMA reporting
guideline (PRISMA 2020 statement). The review protocol
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was prospectively registered in PROSPERO (registration
number: CRD420251036604). The above five electronic
databases were searched using a Boolean logic-based
multi-field search strategy without restrictions on the date
range. Specifically, (1) Web of Science: mental toughness
(Title) AND sport* OR athlete* OR player* OR athletic*
OR exercise* OR training* OR developing (All Fields); (2)
PubMed: (mental toughness|Title/Abstract]) AND (sport*
OR athlete* OR player* OR athletic* OR exercise* OR
training* OR developing) ) AND (English[Language]; (3)
Scopus: TITLE (mental AND toughness ) AND TITLE-
ABS-KEY ( sport* OR athlete* OR player* OR athletic*
OR exercise* OR training* OR developing ) ) AND (
LIMIT-TO ( LANGUAGE, “English” ); (4) Embase:
(‘mental toughness’/exp OR ‘mental toughness’ OR (mental
AND (‘toughness’/exp OR toughness) ) ) AND ‘mental
toughness’:ti AND (sport*:ti,ab,kw OR athlete*:ti,ab,kw OR
player*:ti,ab,kw OR athletic*:ti,ab,kw OR exercise*:ti,ab,kw
OR training*:ti,ab,kw OR developing:ti,ab,kw) AND
[english]/lim; (5) SPORTDiscus: TI mental toughness AND
(sport* OR athlete* OR player* OR athletic* OR exercise*
OR training* OR developing).

Selection Process

Two reviewers were involved in the study selection
process and independently screened titles and abstracts
to assess their relevance. Studies that fell outside the
scope of this systematic review were excluded. All eligible
articles were then subjected to full-text screening, with
two researchers independently evaluating the eligibility
of the identified articles based on the inclusion criteria.
Any disagreements between reviewers were resolved by
consensus or confirmation of a third investigator.

Data Collection Process

Data extraction was conducted by one researcher using a
standardized form from the full texts of eligible articles, with
a second researcher verifying the accuracy and completeness
of the extracted data. Discrepancies regarding the extracted
data were resolved by consensus or confirmation of a third
investigator.

Data ltems

The authors extracted the following information
from each of the included studies: (1) publication details
(authors, year); (2) participant characteristics (number of
participants, country, age, gender, role); (3) research design,
number of experimental groups and number of participants
per group; (4) intervention strategies, including training
tools/techniques implemented intervention duration and
frequency; (5) measurement tools and types of outcome
metrics used; and (6) effect sizes.

Study Risk of Bias Assessment

To assess the reporting quality and risk of bias of the
studies included in our review, two authors independently
utilized a modified Downs and Black index (Downs & Black,
1998) to evaluate the studies. This method is suitable for

assessing the reporting quality of both randomized and
non - randomized intervention studies and is widely used
in systematic reviews related to sports science (Toth et al.,
2020; Thurlow et al., 2024; Kittel et al., 2025). A score of 0
was assigned for any item that lacked explicit information
for accurate assessment. The study quality was evaluated by
two investigators independently and any discrepancies were
resolved by consensus or confirmation of a third investigator.

Effect Measures

The primary outcome of interest is self-reported and
other-reported MT ratings, with MT scores translated
into standardised variables to address heterogeneity in
measurement tools. The intended summary effect measures
are standardised mean differences (SMDs), applicable to
between-subjects design. SMDs were estimated according
to each study’s design. The meta-analyses were implemented
using RevMan 5.4 (Cochrane Collaboration, Oxford, UK)
in this review for the effect size estimates. The standardized
mean difference (SMD) with 95% confidence intervals (CI)
was extracted from the pre- and post-intervention.

Synthesis Methods

Pooled effect sizes were estimated using a random effects
model and were presented in forest plots. The heterogeneity
was assessed using the 1%, with I? values of 25%, 50%, and
75% indicating low, medium, and high heterogeneity,
respectively (Higgins & Thompson, 2002). The random-
effects model assumes that each observed effect size is a
random draw from a distribution of true effects, so between-
study variability reflects both sampling error and genuine
heterogeneity (Wang et al., 2023). Sensitivity analyses were
conducted to assess the robustness of the pooled effect across
study designs by comparing randomised controlled trials
with quasi-experimental studies. A leave-one-out procedure
was employed to determine whether any single investigation
materially altered the overall estimate.

Reporting Bias Assessment

Reporting bias and small-study effects were examined via
funnel-plot inspection and Egger’s test (Egger etal., 1997). Asym-
metry was considered present when the funnel plot showed vi-
sual distortion and the Egger intercept yielded p < 0.10.

Results

Study Selection

The initial search yielded 1297 studies. Following the
removal of duplicates (n=465) and retraction(n=1), 831
underwent title and abstract screening, 29 articles were
subject to full text review and 21 studies were excluded for
not meeting the eligibility criteria. In addition, 7 relevant
studies were identified through citation searching, 2 studies
were included after full-text review. This process resulted in
a total of 10 studies included in the review (see Figure 1).

Study Characteristics

The combined participant count across all included
studies was 465, with an average sample size of 47 participants
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Identification of studies via databases and registers

Identification of studies via other methods

Table 1. Summary of included studies in this review.
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athletes (n = 5) No quantitative measurement
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No quantitative measurement . -
of MT (n =1) Single-arm studies (n = 4)
Single-arm studies (n = 4)
No intervention details (n = 1)
_4
— A
3
= Studies included in review
2 (n=10)
£
-

Fig. 1. PRISMA flow chart of
search process

Study Population Stu.dy Intervention Measures
esign
Authors, Year Characters Type/ Arm Strategies /11:) uration Tools
requency
Abdelbaky, 2012 Race walking QED Mental Toughness 8 weeks, 3 days per week  PPI
Romania EG Program
Gender missing CG
Ajilchi et al., 2019 Basketball RCT Mindful Sport 6 weeks, 1 session(90-min) MTQ48
Iran EG Performance per week
male CG Enhancement
Ajilchi et al., 2022 Type missing RCT Mindfulness— 7 weeks, 1 session(45-min) SMTQ
Iran EG Acceptance— per week
Female CG Commitment
programme
Bell et al,, 2013 Cricket QED Mental toughness 2 years, 5 events, 46 days ~ MTI
UK EG training program in total
male CG
Bhambri et al., 2005 Table -tennis QED Imagery training; 2 weeks PPI
India EG-COM Relaxation training;
Male & female EG-IM Combination
EG-RE
CG
Gucciardi et al., 2009 Football QED Psychological Skills 6 weeks, 1 session(120- AfMTI
Australia EG-PST Training program min) per week
male EG-MTT
CG
Pociusi et al., 2024 Basketball QED mental toughness skills 6 weeks, 1 session(60-min) MTQ48
Lithuania EG training program per week
male CG
Putra et al., 2025 Type missing QED MTTC model 11 weeks, 3 session(75- MTI-G
Indonesia EG 100-min) per week
Male & female CG
Sharma et al., 2023 Table tennis QED Visual Motor 6 weeks, 3 session(40-min) SMTQ
India EG Behaviour Rehearsal ~ per week
male CG Training
Singh et al., 2020 Football QED Visuo Motor 6 weeks, 5 session(30-min) PPI
India EG Behavioral Rehearsal ~ per week
Gender missing CG

Note: RCT, Randomized Controlled Trial; QED, Quasi-experimental Design; EG, Experimental Group; CG, Control Group; COM,
Combination Group; IM, Imagery Group; RE, Relaxation Group; MTT, Mental Toughness Training Group; PST, Psychological Skills
Training Group; PPI, Psychological Performance Inventory; MTQ48, Mental Toughness Questionnaire (48 Items); SMTQ, The Sports
Mental Toughness Questionnaire; MTI, Mental Toughness Inventory; AfMTI, Australian football Mental Toughness Inventory; MTI-G,
Mental Toughness Index (Gucciardi).
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per study. The studies encompassed a diverse range of sports
and athletic skill levels. In terms of sports, the primary ones
were football (n=24.7%), basketball (n=19.7%), and table
tennis (n=17.5%), with other sports such as cricket, race
walking also represented. Two studies did not specify the
particular sport (n=11.1%). Regarding skill levels, three
studies featured national-level athletes (n=18.8%), while
others included athletes from sports academies, state-level,
student-athletes, sport science students, and amateurs.
Seven studies shared the most popular intervention
strategy, which was a combination of multiple psychological
skill trainings (n=67.3%), including techniques like self-
talk, imagery, mental rehearsal, arousal regulation, attention
control, active games, relaxation, breathing, progressive
muscle relaxation, and goal-setting. Mindfulness training
was the focus of two studies (n=16%), and Visual Motor
Behaviour was examined in two others (n=19.2%), though the
main techniques were linked to psychological skill training.
One study looked into the role of stressful environments
with multidisciplinary team support (n=8.8%). One
experimental group in a study focused on developing key
mental toughness traits(7.9%), while the other experimental
group used PST combination strategy.. Table 1 presents a

summary of the participants and study characteristics of the
included studies. For more details, please see Supplementary
Information.

Risk of Bias in Studies

Table 2 summarises the outcomes of the modified Downs
and Black scale for the assessment of reporting quality and
risk of bias. Results ranged from 7 to 11, with a mean score
of 9.5 + 1.03.

Results of Individual Studies

Details of the training strategies and study outcomes of
individual studies were provided in Table 1. Figure 2 displays
the forest plot of individual-study standard mean difference
(SMD) and the pooled effect estimate for MT training
outcomes. The analysis is restricted to published data only.

Results of Syntheses

The estimated standardized mean differences (SMDs)
ranged from 0.05 (Sharma & Prasad, 2023) to 2.30 (Ajilchi

MT training Regular training Std. Mean Difference Std. Mean Difference

_Study or Subgroup __Mean __ SD Total Mean  SD Total Weight IV. Random.95% ClI 1V. Random. 95% CI

Abdelbaky 2012 3.76 6.152 10 135 6.273 10 5.9% 0.37 [-0.51, 1.26] ]

Ajilchi 2019 0.6629 0.3281 15 0.0158 0.3498 15 6.0% 1.86 [0.98, 2.73]

Ajilchi 2022 7.09 5609 21 129 5235 21 9.3% 1.05 [0.40, 1.70] -

Bell 2013 0.51 1.011 20 -0.2 0.668 21 9.5% 0.82[0.18, 1.46] -

Bhambri 2005 COM  5.0529 2.9782 8 -04 3.633 3 22% 1.59 [0.03, 3.15]

Bhambri 2005 IM 3.5728 2.5954 8 -04 3.633 3 2.4% 1.27[-0.21, 2.75] ]

Bhambri 2005 RE 1.4071 3.7559 8 -0.4 3.633 2 2.1% 0.44[-1.13, 2.01] ]

Gucciardi 2009 MTT 0.57 0.607 25 0.06 0.773 12 8.2% 0.75[0.04, 1.46]

Gucciardi 2009 PST 0468 079 26 0.06 0.773 12 85% 0.51[-0.19, 1.20] T

Pociusi 2024 0.25 0.226 30 0 0.244 32 12.1% 1.05 [0.52, 1.58] -

Putra 2025 5 6173 47 2 3.649 26 13.3% 0.63 [0.14, 1.12] -

Sharma 2023 0.4229 1.3242 25 0.2286 1.3047 25 11.5% 0.15[-0.41, 0.70] I

Singh 2020 2829 3.516 20 -0.7 3.275 20 9.1% 1.02 [0.36, 1.68]

Total (95% CI) 263 202 100.0% 0.81[0.57, 1.05] <>

Heterogeneity: Tau? = 0.05; Chi? = 16.35, df = 12 (P = 0.18); I = 27%
Test for overall effect: Z = 6.63 (P < 0.00001)

} - 1 2
Favours [MT training] Favours [Regular training]

Fig. 2. Forest plot for meta-analyses. COM, Combination Group; IM, Imagery Group; RE, Relaxation Group; MTT, Mental
Toughness Training Group; PST, Psychological Skills Training Group

Table 2. Modified Downs and Black scale outcomes for the assessment of reporting quality and risk of bias.

Quality Assessment Domains

Study Total/14
1 2 3 6 7 10 12 15 18 20 22 23 25 27
Abdelbaky, 2012 1 1 1 1 1 1 0 0 1 1 1 1 1 0 11
Ajilchi et al., 2019 1 1 1 1 1 1 0 0 1 1 0 1 1 0 10
Ajilchi et al., 2022 1 1 1 1 1 1 0 0 1 1 0 1 1 0 10
Bell et al., 2013 1 1 1 1 1 1 0 0 1 1 0 0 1 0 9
Bhambri et al., 2005 1 1 1 1 1 1 0 0 1 1 1 0 0 0 9
Gucciardi et al., 2009 1 1 1 1 1 1 0 0 1 1 0 1 1 0 10
Pociusi et al., 2024 1 1 1 1 1 1 0 0 1 1 0 1 1 0 10
Putra et al., 2025 1 1 1 1 1 1 0 0 1 1 0 1 0 0 9
Sharma et al., 2023 1 1 1 1 1 1 0 0 1 1 1 1 0 0 10
Singh et al., 2020 1 1 1 1 1 0 0 0 1 0 1 0 0 0 7

Note: 0 = no; 1 = yes; U = unable to determine. Item 1: clear aim/hypothesis; Item 2: outcome measures clearly described; Item 3: patient
characteristics clearly described; Item 6: main findings clearly described; Item 7: measures of random variability provided; Item 10:
actual probability values reported; Item 12: participants prepared to participate representative of the entire population; Item 15: blinding
of outcome measures; Item 18: appropriate statistics; Item 20: valid and reliable outcome measures; Item 22: participants recruited over
the same period; Item 23: randomised; Item 25: adjustment made for confounding variables; Item 27: a power to detect a clinically

important effect.
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Table 3. Sensitivity Analyses Results

Study omitted Estimate Heterogeneity:

SMD 95% Conf. Interval P Q P I?
ALL trials include 0.81 [0.57, 1.05] P <0.0001 16.35 0.18 27%
Nonrandomized controlled trials 0.79 [0.40, 1.18] P < 0.0001 13.86 0.03 57%
Abdelbaky, 2012 0.84 [0.59, 1.08] P <0.0001 15.46 0.16 29%
Ajilchi et al., 2019 0.73 [0.53, 0.93] P <0.0001 10.33 0.50 0%
Ajilchi et al., 2022 0.78 [0.53, 1.04 P <0.0001 15.67 0.15 30%
Bell et al., 2013 0.81 [0.55, 1.08] P <0.0001 16.34 0.13 33%
Bhambri et al., 2005 COM 0.79 [0.55, 1.03] P <0.0001 15.33 0.17 28%
Bhambri et al., 2005 IM 0.80 [0.55, 1.04] P <0.0001 15.94 0.14 31%
Bhambri et al., 2005 RE 0.82 [0.57, 1.07] P <0.0001 16.15 0.14 32%
Gucciardi et al., 2009 MTT 0.82 [0.55, 1.08] P <0.0001 16.34 0.13 33%
Gucciardi et al., 2009 PST 0.84 [0.58, 1.09] P <0.0001 15.67 0.15 30%
Pociusi et al., 2024 0.78 [0.52, 1.04] P <0.0001 15.30 0.17 28%
Putra et al., 2025 0.84 [0.57,1.11] P <0.0001 15.89 0.15 31%
Sharma et al., 2023 0.88 [0.67, 1.09] P <0.0001 10.46 0.49 0%
Singh et al., 2020 0.79 [0.53, 1.05] P <0.0001 15.85 0.15 31%

Note: Nonrandomized controlled trials included: Bell et al., 2013, Bhambri et al., 2005 (CON, IM, RE), Putra et al., 2025, Singh et al., 2020.

etal,, 2019), reflecting intervention-specific effects spanning
the continuum from negligible to highly substantial.
Bhambri et al. (2005) included three intervention arms—
two single-strategy PST conditions (Relaxation and
Imagery) and one combined-strategy condition, whereas
Gucciardi et al. (2009) provided two arms consisting of a
composite PST protocol and a key mental toughness traits
protocol (MTT). Together, these five arms were retained in
this meta-analysis to elucidate the overall efficacy of mental
toughness training programmes. The pooled effect size was
both statistically and practically significant, yielding a large
standardized mean difference of g = 0.81 (95 % CI 0.57-1.05,
p <.001), indicating a robust advantage for mental-training
interventions over control conditions. The entire confidence
interval(CI 0.57-1.05) lies above Cohen’s threshold for a
medium effect, providing compelling evidence of the
efficacy of mental-training interventions. The 95 % CI’s
width reflects modest imprecision attributable to the limited
study pool, yet its entirety lies in the large-effect range.
Thus, the evidence robustly affirms the efficacy of mental-
training interventions for heightening mental toughness
across varied athletic populations. The heterogeneity
among studies was low (Q=16.35) I* = 27%, p = 0.18),
indicating acceptable consistency across included trials and
supporting the use of a random-effects model in the meta-
analysis. Sensitivity analysis was conducted by removing
nonrandomized controlled trials; the remaining trials (n =
7) continued to demonstrate a statistically significant effect
(g =0.79, 95% CI 0.40-1.18, p < .001). Heterogeneity was
significant and moderate (Q = 13.86, I* = 57%, p = 0.03).
A sensitivity analysis using the leave-one-out method was
conducted to examine the influence of individual studies on
the overall pooled effect size and heterogeneity. Excluding
the study with the highest standardized mean difference
(Ajilchi et al., 2019) reduced the pooled SMD from 0.79

to 0.73 (95% CI: 0.53-0.93, p < .001), with heterogeneity
decreasing from I? = 27% to 0%. Conversely, removing the
study with the lowest effect size (Sharma & Prasad, 2023)
increased the pooled SMD to 0.88 (95% CI: 0.67-1.09, p <
.001), again resulting in I> = 0%. These changes suggest that
methodological differences or potential bias in individual
studies may account for the observed heterogeneity.
However, across all iterations of the leave-one-out procedure
in Table 3, the pooled effect estimates remained within a
narrow range (0.73-0.88), indicating that no single study
unduly influenced the overall findings. This supports the
robustness and reliability of the meta-analytic results.

Reporting Biases

As shown in Figure 3, the funnel plot appears visually
symmetrical, with an approximately equal distribution of
studies on both sides of the mean effect size. Given the
inclusion of only 10 studies, it is difficult to reliably detect
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Fig. 3. Funnel plot
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deviations from the ideal distribution. Furthermore, Egger’s
regression test yielded a bias coefficient of 1.05 (SE = 1.01,
t = 1.04, p = 0.321), indicating no statistically significant
asymmetry in the funnel plot. Therefore, there is no evidence
of publication bias in this analysis.

Discussion

Compared to previously published narrative and
systematic reviews, the present study provides more
empirical support for the development of mental toughness
by strictly limiting the inclusion criteria to quantitative
controlled experimental studies. This meta-analysis
synthesized evidence from 10 studies, demonstrating that
interventions aimed at enhancing mental toughness are
significantly effective across various sporting contexts
and levels of competition. Despite differences in sample
characteristics, intervention modalities, and types of sport,
the low level of between-study heterogeneity suggests a
high degree of robustness in the overall findings. Sensitivity
analyses further reinforced this conclusion, indicating
that while differences in study design or methodological
quality may account for some heterogeneity, no single study
disproportionately influenced the overall effect size.

Mental toughness can be developed through various ap-
proaches (Bull et al., 2005), yet no research has determined
the superiority of any single method (Clough & Strychar-
czyk, 2012). Although this meta-analysis integrated the ef-
fects of diverse interventions, it remains difficult to identify
a single best strategy for cultivating mental toughness due to
differences in study designs, intervention components, and
participant populations. Psychological skills training (PST)
is widely regarded as one of the most commonly used pro-
grams for fostering positive psychological development (Park
& Jeon, 2023; Williams & Krane, 2001). Most of the included
studies (n = 7) adopted multi-component PST strategies —
such as goal setting, imagery, self-talk, arousal regulation,
relaxation, and attentional control. Bhambri et al. (2005),
for instance, empirically suggested that combined strategies
may be more effective than single techniques. However, due
to the wide variability in intervention efficacy and the pres-
ence of potential bias in some studies (e.g., non-randomized
quasi-experiments), the actual effectiveness and applicability
of the interventions reported in the included studies should
be viewed with caution. More rigorous empirical research
will help identify intervention strategies that should be pri-
oritized for improving athletes’ Mental toughness.

Although this review strictly followed the PRISMA
reporting guidelines, this systematic review and meta-
analysis also have some limitations. First, the total number
of included studies (n = 10) limits the generalizability and
power of the analyses. Although publication bias was not
detected using Egger’s regression test (bias = 1.05, p = .321),
the small number of included studies limits the sensitivity
of funnel plot-based diagnostics. Second, intervention
heterogeneity and varied measurements of MT may have
introduced unaccounted biases. Third, the sustainability of
outcomes remains uncertain, as the enduring impacts of
these interventions cannot be ascertained without longer-
term assessment. A final notable consideration is that the
meta-analytic findings, derived from a synthesis of RCTs
and quasi-experimental studies, are constrained by the

limited number of RCTs, thereby affecting the certainty of
the evidence.

The findings of this study offer clear practical value for
sport psychologists, coaches, and practitioners. Implement-
ing structured Psychological Skills Training (PST) programs
— particularly those using multicomponent strategies —can
significantly enhance athletes’ Mental Toughness (MT). PST
is a process closely tied to daily activities and skill develop-
ment in sport and exercise contexts (Weinberg & Gould,
2023). Beyond the studies included in this review, numerous
other investigations have explored the effects of specific PST
techniques or their combinations on MT in particular set-
tings. While the methodological rigor and quality of these
studies warrant cautious interpretation, they nonetheless
provide broader perspectives and valuable reference points.
Therefore, when attempting to develop a mental toughness
training program tailored to specific needs, it is essential to
carefully select PST techniques and strategies based on fac-
tors such as sport type and population characteristics.

Future research should prioritize larger-scale RCTs with
consistent intervention protocols and standardized MT
outcome measures. Longitudinal designs assessing retention
of MT gains post-intervention would address current
gaps. Further, dismantling studies comparing single versus
multicomponent strategies could clarify which techniques
yield the greatest impact. Exploration of mediators and
moderators, such as motivation, coping style, and sport type,
would provide deeper theoretical and practical insights into
how and for whom PST is most effective.

Conclusions

This meta-analysis provides strong empirical evidence
supporting the effectiveness of psychological interventions—
particularly multicomponent Psychological Skills Training
(PST) —in enhancing mental toughness among athletes
across different sports. However, due to the lack of long-
term follow-up assessments, reliance on quasi-experimental
designs, and diversity in measurement approaches, the
findings should be interpreted with caution. To advance
the field, future research should adopt more rigorous
methodologies, including large-scale randomized controlled
trials and longitudinal designs, to identify the most effective
components and delivery methods for developing mental
toughness. These efforts will ultimately inform evidence-
based practices for coaches, psychologists, and practitioners
aiming to cultivate high-performing athletes.
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EdeKTUBHICTb TPEeHYBaHHA NCUXIYHOI CTIMKOCTI
y cnoptcMmeHiB: CucremaTtuyHUi ornag Ta MetaaHanis

II3inbro JlTanp'4P“P, PabiaTynp-AmaBisa Axmapg Pamupn'4*“P; lllanpnyn Yenp?*P

'VuiBepcureT Hayk Maaiisii
*Knraricbkuit yHiBepcuTeT [OHKOHTY

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

Pedepar. Crarrs: 12 c., 3 Tab., 3 puc., 39 mxeper.

Mera mocmifKeHHsA. MeTa 1[bOTO JOCTI/PKEHH MOJIATaa y BUBYEHHI e(peKTMBHOCTI iHTepBEeHIIill, CIIPAMOBaHNX Ha PO3BMU-
ToK ncuxiunoi criitkocti (IIC) y ciopri.

Marepianu ta Metopu. Kpurepii npuitHATHOCTI OXOIIIOBANIM Ki/IbKiCHI KOHTPO/IbOBaHI €KCIepUMEHTA/IbHI TOCTiI>KeHH
intepBenuiit 3 po3utky IIC y cnoprcmenis. JJo indopManiiiHuX fpKepes Halexxanu JoCTipKeHHs, ingekcoBani B Web of Science,
PubMed, Scopus, Embase Ta SPORTDiscus 3 MOMeHTY cTBOpeHH: [io 13 KBiTHA 2025 poky. Takox IIpoBefieHO aHasIi3 CIMCKIB
BUKOPUCTAHMX JPKepesT BKIIOYEHNX FOCTIIKeHb. PUSHK yIIepemKeHOCT] posI/Lsiany y Takuii croci6: [IBoe aBTOpiB He3a/me)XHO
OL[{HM/IN AKICTD 3BITHOCTI Ta PUSUK YIIEPeA>KEeHOCTI BKIIOYEHNMX JOCIII/PKeHDb, BUKOPUCTOBYI0YM MoaudikoBaHmit iHgekc JayHca i
brneka. Illofo y3arajbHeHHSA pe3y/IbTaTiB, 3 METOIO OI[iHKM BIUIMBY iHTepPBEHIIill i3 BUKOPUCTaHHAM MO/ BUIIAIKOBOTO eeKTy
6y10 po3paxoBaHO CTAaHAAPTU30BaHY cepenHIo pisHuio (CCP).

PesynbraTu. Ilpencrapnenuii ornap BKIo4as 3arasoM 10 gocmifipkeHb 3a y4acTio 465 y4acHUKIB, AKi 3aliManucs nepe-
BaXHO QyTbomoM (24.7%), 6ackerbomom (19.7%) Ta HactimpauM Tenicom (17.5%). Y cemu mocmimkeHHsx (67.3%) 3aCTOCOBaHO
KOMOiHaI[iI0 iHTepBeHIIiil i3 TpeHYBaHHA IICUXOJIOTIYHMX HaBMYOK. MeTaaHali3 oxoIUIoBaB yci 10 JOCTiIKeHb Ta BifmOBigHi
eKCIIepyMeHTa/IbHI IPYIN 3 METOI0 3’ ICYBaHH 3araibHOI eeKTUBHOCTI mporpam i3 TperysanusaA [1C. CykynHuit posmip edekry
6yB CTAaTUCTUYHO Ta MIPAKTUYHO 3HAYYIIUM, HA/JAI0UU BEIUKY CTAHAAPTU30BaHy cepefHio pisunuipo g = 0.81 (95% /I 0.57-1.05,
p < 0.001), o BKa3ye Ha iCTOTHY HepeBary iHTepBeHIiiit i3 TpenyBaHH:A I1C Hafi KOHTPOTBPHUMM YMOBAMIA.

BucHoBku. Lleit MeTaaHastis Hajjae MepeKOHINBI eMITipUYHi JOKa3u eeKTUBHOCTI IICUXOMOTIYHNUX iHTepBEHLIIiil, 30KpeMa
6araTOKOMIIOHEHTHOTO TpeHyBaHHA 1cuxonorivayx HaBudok (TITH), y migsumenHi ncuxivHoi CTifIKOCTi cepen crmopTcMeHiB
pisHux BupiB cropry. OfgHaK 4yepes BifICyTHICTb JOBIOCTPOKOBMX 0OCepBaliiiHUX OLiHOK, BUKOPMCTaHHs KBasieKCIepuMeH-
TaJIbHMX MOJIeNeil Ta PiSHOMaHITHICTD IiJIXO/iB 1O BUMipIOBaHHA, C/IiJi 3 06epeXHICTIO iHTepIpeTyBaTy OTPYMaHi Pe3yNIbTaTH.
3ai/1s1 JOCATHEHHA IPOrpecy B 11ili Talysi y HOJaIbIIMX TOCTII)KeHHAX C/Iifl 3aCTOCOBYBATY pPeTe/IbHillli MEeTO/I0/IOTi], BKITI0Ya04n
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BEIMKOMACIITa0H] paHZOMi30BaHi KOHTPO/IbOBaHI BUIIPOOYBAaHHA Ta JIOHTITIONHI MPOEKTH, 1106 BU3HAYNTH HailedeKTuBHImI
KOMIIOHEHTH Ta METOM LIO0f[0 peasti3alii po3BUTKY NICUXiYHOI CTifIKOCTi. 3a3HaueH] JOCIiHUIIbKI 3ycH/IA B KiHIIeBOMY IificyM-
Ky CIyTyBaTMMYTb OCHOBOIO [/l HAYKOBO OOI'PYHTOBaHNUX IIPAKTHUK TPEHepiB, ICMXOJIOTIB Ta (axiBliB-IIPaKTUKIB, AKi IParHyTh
BUXOBATH CIIOPTCMEHIB BUCOKOI'O piBHA.

Knrouosi cmoBa: ncuxiuHa CTiliKicTh, TPEHYBaHHS IICUXO/IOTiYHMX HABUYOK, CHOPTCMEHMY, iHTEpBEHI]is.
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