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Abstract

Background. Contemporary scientific research increasingly faces not a shortage of data, but a shortage of an
adequate level of generalization at which data can be transformed into knowledge. In many applied fields, including
physical education and sport, technically correct studies often remain fragmented because they are not integrated
into a broader explanatory framework.

Purpose. To systematize approaches to understanding the meta-problem and its operationalization in research on
physical education and sport.

Materials and Methods. The study was conducted as a theoretical-methodological analysis with elements of
retrospective empirical verification. The logic of the work was based on the assumption that productive research
programs are formed not only around local hypotheses, but around higher-order concepts that determine research
architecture, sequence of proof, and pathways to new knowledge. Conceptual analysis, comparative methodological
synthesis, and retrospective examination of completed doctoral studies devoted to modeling learning, training, and

motor development processes were applied.

Results. The meta-problem was interpreted as a higher-level conceptual construct preceding the formulation of
topic, aim, hypothesis, and methods. It determines the framework within which these elements acquire coherence
and scientific meaning. It was shown that in physical education and sport, learning, upbringing, and training may
be interpreted as derivative forms of a unified process of detecting deviations from a functionally optimal mode and
correcting them. The central contradiction of development lies in the need to change while preserving functional
stability. Under conditions of local and limited positive factor effects, classical two-group designs have restricted
explanatory value, whereas factorial designs, repeated measurements, and response-surface approaches are more

productive for identifying optimal regimes.

Conclusions. The meta-problem should be considered as a methodological level organizing the critical path of
scientific inquiry. Its practical value lies in improving research design, manuscript evaluation, and the production of

cumulative scientific knowledge.

Keywords: meta-problem, scientific research, research design, methodology, knowledge generation, physical
education, sport science, factorial experiment, adaptive processes, evidence synthesis.

Introduction

Contemporary scientific research increasingly faces not a
shortage of data, but a shortage of the level of generalization at
which data can be transformed into knowledge. The availability
of statistically significant results, a large number of publications,
or a wide range of methods does not in itself ensure scientific
progress if there is no conceptual framework capable of

© Khudolii, O., Ivashchenko, O., & Khudolii, M., 2026.
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integrating individual findings into a coherent explanatory logic
(Wasserstein & Lazar, 2016; Chalmers & Glasziou, 2009; Sutton
etal., 2009). Any new knowledge emerges as a result of resolving
a contradiction identified within the object of study. If the object
defines the boundaries of inquiry, the problem determines
the direction of its development. From a methodological
perspective, the formulation of the problem provides an
integrated representation of the research subject, determines
the system of essential relationships among its elements, and
creates the foundation for hypothesis generation. Consequently,
the productivity of research depends not only on the choice of
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methods but also on how adequately the central contradiction
of the object is identified and formulated. In this context, the
concept of the meta-problem becomes particularly important.

The meta-problem defines the conceptual framework of
a study within which the topic, aim, hypothesis, and system
of methods are formulated. While the topic delineates the
subject area, the aim specifies the expected outcome, and the
hypothesis proposes a testable assumption, the meta-problem
establishes the framework within which these elements acquire
meaning and mutual coherence (Kuhn, 1962; Lakatos, 1970;
Popper, 2005). In different methodological traditions, this issue
has been addressed through the concepts of scientific problems,
anomalies, research programmes, or the conceptual core of a
theory. Common to these approaches is the recognition that
the development of knowledge is determined not by the
accumulation of facts alone, but by the identification and
resolution of internal contradictions in the explanation of the
object. Atthe same time, thelevel of generalization at which such
a contradiction can organize a coherent research programme
remains insufficiently explored. The issue concerns not an
individual research question, but a level of understanding at
which the sources of change, limits of effects, criteria of evidence,
and directions of inquiry become intelligible (Bertalanfty, 1968;
Toannidis, 2016).

In the field of physical education and sport, such a
perspective is particularly important because the processes
under investigation are characterized by multifactoriality,
nonlinear dynamics, developmental phases, adaptive limits,
and complex interactions among pedagogical, biological, and
social factors (Impellizzeri & Marcora, 2009; Kiely, 2012; Balyi
et al., 2013). Under these conditions, the study of isolated
effects often produces fragmented conclusions, whereas both
practical and scientific significance depend on understanding
how to manage change without compromising the functional
effectiveness of the system (Bishop et al., 2008; Halson, 2014).

The theoretical foundation of this approach is grounded
in previous studies on programmed learning of motor
actions, factorial experimentation, modeling of pedagogical
processes, optimization of training regimes, and the
analysis of residual effects of adaptation (Khudolii, 2019;
Ivashchenko, 2020; Box & Wilson, 1951; Collins et al., 2009).
These lines of inquiry demonstrate that new knowledge
emerges not from a simple comparison of two groups or
from merely recording differences between indicators, but
from identifying regularities within the space of possible
modes of system functioning (Kiely, 2012; Halson, 2014).

The meta-problem functions as a methodological
core not only in experimental studies. It is also present in
bibliographic reviews, narrative reviews, systematic reviews,
and meta-analyses as the level that determines the logic of
source identification, criteria for material selection, limits of
generalization, and the admissibility of evidence synthesis
(Grant & Booth, 2009; Page et al., 2021; Khudolii, 2026). In
this sense, review-based and experimental studies represent
different phases of a unified process of knowledge generation.

More broadly, every research project possesses a higher-
order structure that organizes its critical path: the emergence
of an idea, mapping of existing evidence, synthesis of
knowledge, experimental verification, and refinement of
explanatory models. It is precisely this organizing function
that is performed by the meta-problem. In its absence, a study
may remain technically correct while being conceptually
weak (Chalmers & Glasziou, 2009).

Despite the practical importance of this perspective,
the procedures for formulating a meta-problem and
operationalizing it within the field of physical education and
sport remain insufficiently systematized (Bishop et al., 2006;
Kiely, 2012; Coutts et al., 2018). In most cases, attention is
focused on specific methods, whereas the transition from
the conceptual level to research design, variable systems, and
evidence structures remains outside the scope of dedicated
methodological analysis. Yet such an approach has substantial
potential to enhance scientific validity, reproducibility of
findings, and the practical effectiveness of research programmes
(Collins et al., 2009; Glasziou et al., 2014; Khudolii, 2026).

In the present study, the meta-problem is considered as the
central contradiction of the research object, formulated at a level
of generalization that allows the integration of the topic, aim,
system of hypotheses, experimental design, and procedures for
interpreting results into a unified logic of knowledge generation.
Therefore, the analysis of the meta-problem is associated not
only with the formulation of research tasks but also with the
architecture of the entire scientific inquiry.

The purpose of the study was to systematize approaches to
understanding the meta-problem and its operationalization
in research on physical education and sport.

Materials and Methods

Thestudywasconductedasatheoretical-methodological
analysis supplemented by elements of retrospective empirical
verification. The logic of the investigation was based on
the assumption that productive research programmes are
formed not only around individual hypotheses or local
experimental questions, but also around higher-order
concepts that determine research architecture, the sequence
of evidence generation, and pathways to new knowledge
(Kuhn, 1962; Lakatos, 1970).

The methodological foundation of the study was the
conceptualization of the meta-problem as a construct of a
higher level of generalization. Within the framework of this
work, the meta-problem was defined as an integrative research
construct that unites individual questions, objectives, variables,
and procedures into a coherent programme of scientific inquiry
(Bertalanfty, 1968; Khudolii, 2026). Unlike a local problem,
which is focused on identifying a specific effect, a meta-
problem is directed toward revealing regularities that can be
reused, modeled, generalized, and transferred across contexts.

The study was implemented in three stages.

At the first stage, a conceptual analysis of the defining
characteristics of the meta-problem was conducted.
Particular attention was given to its capacity to establish a
long-term research logic, integrate theoretical and empirical
components, determine criteria for method selection,
and create conditions for the accumulation of cumulative
scientific knowledge (Lakatos, 1970; Ioannidis, 2016).

Atthesecondstage,analgorithmfortheoperationalization
of the meta-problem in applied research was reconstructed.
The transition from the conceptual to the operational level
was analyzed through a sequence of procedures including
the formulation of sub-problems, specification of research
objectives, selection of influencing factors, identification
of effectiveness indicators, construction of experimental
designs, and selection of statistical and modeling tools for
data interpretation (Box & Wilson, 1951; Collins et al., 2009).
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At the third stage, retrospective empirical verification
of the proposed approach was performed using completed
doctoral research projects in the field of physical education
and sport devoted to the modeling of learning processes,
training systems, and motor skill development (Khudolii,
2019; Ivashchenko, 2020). The analysis focused on the
internal structure of the research programmes, including
the scope of the original problem, the logic of progression
from theory to experimentation, the reproducibility of
procedures, and the capacity of the obtained results for
generalization and practical transfer.

The productivity of a meta-problem as the organizational
core of research was evaluated according to the following
criteria: (a) its ability to generate a series of interconnected
experiments; (b) consistency between theoretical assumptions
and research design; (c) the possibility of developing predictive
or control-oriented models; and (d) the production of results
extending beyond a single sample or specific empirical situation
(Lakatos, 1970; Ioannidis, 2016).

A limitation of the study is the case-based nature of the
empirical verification and its concentration on materials
originating from a single scientific tradition. At the same
time, this approach provides a high degree of comparability
across cases and makes it possible to trace the mechanisms
through which a conceptual idea is transformed into a
reproducible scientific outcome.

Results

Theoretical Nature of the Meta-Problem

The analysis provides grounds for considering the meta-
problem as the central contradiction of the research object
that determines the architecture of scientific inquiry and
integrates the topic, aim, hypothesis, and methods into
a unified logic of knowledge generation. While the topic
defines the subject area, the aim specifies the expected
outcome, and the hypothesis formulates assumptions
regarding relationships among variables, the meta-problem
establishes the framework within which these elements
acquire scientific meaning. In the domains of learning,
education, and training, this framework is associated with
the regularities that ensure effective system functioning
under changing environmental demands (Table 1).

Table 1. Hierarchy of Research Organization Levels

Level of

Organization Primary Function

Type of Outcome

Boundaries of the
research field

Delineation of the
subject area

Research Topic

Research Aim

Hypothesis

Research
Objectives

Research Methods

Meta-Problem

Definition of the
expected outcome
Formulation of a
testable assumption

Operationalization
of research stages
Data collection and
analysis
Integration of

all levels into a
coherent logic

Direction of
inquiry
Empirical
verification of
relationships
Sequence of
procedures

Empirical findings

Generation of new
knowledge

The Meta-Problem and the Knowledge Generation Cycle

The findings indicate that a meta-problem acquires
scientific value only when it is consistently examined
through different forms of research. Theoretical, review-
based, and experimental studies constitute a unified cycle
of knowledge generation: idea > practical verification >
analysis of secondary sources > experimental testing >
model refinement > new idea. Without operationalization
and empirical verification, a meta-problem remains merely
a conceptual construct (Table 2).

Table 2. Algorithm for the Operationalization
of a Meta-Problem

Stage Content Expected Outcome

1 Formulation of the meta- Conceptual framework
problem

2 Identification of sub- Structure of inquiry
problems

3 Specification of factors Independent variables

4 Selection of indicators Dependent variables

5 Design construction Valid verification scheme

6 Selection of analytical Data-processing tools
models

7 Generalization New model / new

knowledge

Process-Based Interpretation of Learning,
Education, and Training

The analysis demonstrates that learning, education, and
training may be interpreted as derivative forms of a single
process: the detection of deviations from a functionally
appropriate mode of activity and their correction. Within
this perspective, the primary issue is not the pedagogical
intervention itself, but the necessity of restoring the system to
a functionally effective state. Learning develops the system’s
ability to independently recover an appropriate mode of
action when errors occur, whereas physical education and
training strengthen the regulatory mechanisms that sustain
effective motor performance under changing conditions.

The Central Contradiction of Development

Itwasfoundthatdevelopmental processesarefundamentally
based on the contradiction between the necessity to change
and the necessity to preserve functional stability. Insufficient
change limits adaptation to new conditions, whereas excessive
or uncontrolled change leads to system disorganization.
Effective management of development therefore depends on
selecting modes of influence that promote progress without
compromising functional stability.

Residual Effects as a Mechanism of Change Accumulation

The results indicate that every effective influence leaves a
residual effect—a temporary functional reorganization that
may be reinforced by subsequent influences, lost because of
excessive intervals, or distorted by excessive loading. The
residual trace is not maintained when the recovery interval
extends into a forgetting phase and is disrupted when a
repeated influence is imposed during a state of pronounced
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functional fatigue. Consequently, the productivity of the
process depends on the balance between preservation of the
residual effect and the degree of system fatigue.

Formal Interpretation of the Central Contradiction

To describe controlled biological and pedagogical
processes, a model may be used in which changes in the
functional state, Y, depend on time or accumulated influence,
X, and are determined by the simultaneous action of growth-
promoting and self-limiting factors:

av .

= mY —rY
where mY represents the stimulating component of
development, and rY? represents the internal inhibitory
factor associated with resource depletion, system saturation,
or increasing regulatory resistance.

The obtained expression demonstrates that any
developmental process contains an inherent contradiction
between the tendency toward growth and the mechanisms
responsible for stabilization. It is precisely this interaction
that gives rise to the nonlinear character of biological,
learning, and adaptive processes..

Growth Models as a Manifestation of Contradiction Resolution

The analysis revealed that learning curves, training
adaptations, and functional development trajectories
may be interpreted as observable manifestations of the
relationship between stimulation and internal inhibition.
Rapid initial progress reflects the predominance of beneficial
influences; deceleration indicates the strengthening of
internal constraints; a plateau corresponds to a temporary
equilibrium; and regression reflects the dominance of
destabilizing factors. Consequently, growth models represent
not merely changes in indicators over time but the process
through which the central contradiction of the system is
resolved.

Figure 1 illustrates the nonlinear nature of the learning
process, in which an initial phase of accelerated improvement
gradually transitions into a phase of deceleration and
eventually reaches a plateau, reflecting the increasing
influence of internal system constraints. The findings also
demonstrate the substantial effect of functional state on the
dynamics of motor skill acquisition. Under conditions ofhigh
work capacity, learning is characterized by a faster increase
in the level of mastery and a shorter initial acquisition phase.
In contrast, reduced work capacity prolongs the initial stage
of learning and slows the accumulation of positive changes.
Thus, the rate of skill development is determined not only by
the number of repetitions but also by the functional state of
the system, which defines the balance between stimulating

1 o—9

= l+100'59‘5 0,0307-x

0,9 +0
0,7
0,5

0,3 o 14 10n86-0.0169.x

Y — Level of learning

0,1 o

-0,1
-20 0 20 40 60 80 100 120 140 160

X — Number of repetitions

Fig. 1. Typical growth models of learning and adaptation
processes (adapted from Khudolii, Doctoral Dissertation, p. 296,
Fig. 5.3). Relationship between the level of mastery of the bent-
arm headstand and the performance capacity of young gymnasts:
(a) increase in the level of skill acquisition (Y) as a function of the
number of repetitions under conditions of high work capacity;
(b) increase in the level of skill acquisition (Y) as a function of the
number of repetitions (X) under conditions of low work capacity.

and limiting factors. In this context, learning curves
represent the process of resolving the central contradiction
of development: the need to modify the functional state
of the system while simultaneously preserving its stability
(Table 3).

The Meta-Problem and the Choice of Experimental Design

The analysis showed that when a factor exerts a local
and limited positive influence, the central procedural task is
not merely to verify the existence of an effect but to identify
the region of influence within which the rate of beneficial
change is maximized. Under such conditions, classical two-
group designs based on comparisons between experimental
and control groups provide only limited information, as
they establish the presence of an average difference between
two selected conditions. For the investigation of learning,
training, and adaptation processes, multifactorial designs,
repeated-measures approaches, longitudinal studies, and
response-surface models are more appropriate (Table 4).

Table 4. Correspondence Between Research Objectives and
Experimental Designs

Research Objective
Detection of an effect

Most Appropriate Design

Control-experimental group
design

Identification of an optimum Full factorial experiment
Analysis of temporal dynamics Longitudinal design
Investigation of factor interactions Multifactorial design

Classification of states Discriminant analysis

Table 3. Interpretation of the Central Contradiction Across Different Processes

Process Stimulating Component Inhibitory Component Outcome
Learning Repetition, information Forgetting, fatigue Learning curve
Training Training load Resource depletion Increase in training adaptation
Adaptation Beneficial stress Homeostatic limits Nonlinear adaptation
Science New data, new methods Weak design New knowledge
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Methodology as a System of Knowledge Generation

The preceding findings make it possible to view research
methodology not as a set of procedures applied after data
collection, but as a coherent architecture for generating
knowledge. The meta-problem determines the essential
properties of the object of analysis and the set of relevant
variables. The nature of the process under investigation defines
the requirements for experimental planning, measurement
structure, and design selection. Statistical methods should
be anticipated during the design phase, while data structures
should remain open to reanalysis and the application of more
sophisticated multifactorial models (Box & Wilson, 1951;
Collins et al., 2009; Ivashchenko et al., 2016; Ivashchenko et al.,
2018; Ioannidis, 2016). Consequently, conceptual foundations,
experimental design, analytical procedures, and data openness
jointly ensure the transition from empirical observations to
new knowledge (Table 5).

Table 5. Components of Methodology as a Knowledge
Generation System

Component Function

Methodological foundation Explanation of the nature of the
object

Meta-problem Organization of the logic of inquiry

Design Validity of verification

Statistics Analysis of data structure

Data openness Reproducibility and reanalysis

Generalization Generation of new knowledge

Operationalization of a Meta-Problem:
An Example from Physical Education and Sport

To illustrate the process of meta-problem operationaliza-
tion, its implementation within a research programme devoted
to the preparation of young gymnasts is considered (Khudolii,
2010, 2019). In this case, the meta-problem emerges as a con-
tradiction between the need to improve athletic performance
and the limited adaptive capacities of the organism. On the
one hand, the achievement of high sporting results requires
an increase in the volume and specificity of training interven-
tions. On the other hand, excessive training loads lead to the
depletion of functional reserves, reduced learning effective-
ness, and an increased risk of maladaptation. Consequently,
the central question concerns the identification of regularities
governing the organization of the training process that enable
performance improvement without compromising the func-
tional stability of the system.

During the operationalization of this meta-problem, a
series of interconnected sub-problems was identified, each
reflecting a particular aspect of the central contradiction.
These included the identification of informative indicators
of functional and motor preparedness, the development of
models describing age-related changes in preparedness, the
investigation of immediate, delayed, and cumulative training
effects, the identification of regularities in motor learning,
the determination of optimal exercise-rest regimes, and the
substantiation of training process structure and pedagogical
control systems.

At the next stage, influencing factors and effectiveness
indicators were specified. Independent variables included

training load magnitude, work-to-rest regimes, the ratio
of physical and technical training means, and the duration
of training interventions. Dependent variables included
indicators of functional state, levels of motor preparedness,
effectiveness of learning gymnastic skills, and measures of
athletic performance.

The resolution of the meta-problem required not a
single experiment but a sequential system of interconnected
studies. To achieve this, parametric modeling, 2* factorial
experiments, growth models, methods for analyzing
immediate, delayed, and cumulative training effects, as well
as procedures for forecasting and programming the training
process were employed. This approach enabled the transition
from isolated empirical observations to the identification of
stable regularities governing the functioning of the young
athlete preparation system.

As a result, a series of interconnected models was
developed, including models of functional and motor
preparedness in young gymnasts, models of training loads,
models of motor learning processes, models of training
process management, and methodological guidelines
for programming long-term athlete development. These
findings provided the foundation for the construction of
an integrated concept of young gymnast preparation and
enabled a transition from the description of isolated effects to
the management of motor function development processes.

This example demonstrates that a meta-problem cannot
be reduced to the formulation of a single research question.
Rather, it functions as an organizational core that generates
a system of interconnected studies, determines the logic
of transition from theoretical conception to experimental
verification, and ensures the accumulation of cumulative
knowledge. It is precisely this capacity to generate a
sequence of interrelated investigations that distinguishes a
meta-problem from a local scientific problem. In physical
education and sport, this is manifested as the search
for regularities governing change in ways that promote
development without loss of effectiveness (Khudolii, 2019;
Ivashchenko, 2020; Ivashchenko et al., 2016; Ivashchenko
et al., 2018). Thus, a meta-problem serves as a mechanism
for transforming individual empirical observations into a
research programme, and a research programme into new
scientific knowledge.

Discussion

The findings of the present study support the view that
the meta-problem should not be regarded as an auxiliary
methodological term but rather as a distinct level of research
organization that determines the relationship between
conceptualization of the object, selection of an evidentiary
strategy, and generation of new knowledge. From this
perspective, scientific progress depends not merely on the
accumulation of empirical findings but on the capacity
to integrate those findings into a broader explanatory
framework (Kuhn, 1962; Lakatos, 1970; Ioannidis, 2016). It
is precisely this integrative function that is performed by the
meta-problem.

The proposed approach refines the conventional
understanding of research structure, in which the topic,
hypothesis, and methods are often treated as the central
components. The present analysis suggests that these
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elements acquire their full meaning only within a broader
organizational framework. Without such a framework,
a study may remain technically rigorous while being
conceptually fragmented, testing an isolated effect without
understanding its place within the structure of the process
under investigation. Similar limitations have been repeatedly
identified in methodological literature as one of the major
causes of the low cumulative value of applied research
(Glasziou et al., 2014; Wasserstein & Lazar, 2016).

The results further indicate that such reductionism is
particularly problematic in physical education and sport.
Learning, training, and adaptation processes are characterized
by nonlinear dynamics, developmental phases, effect
thresholds, and interactions among multiple factors (Kiely,
2012; Halson, 2014). Under these conditions, traditional
two-group designs can reveal differences between selected
conditionsbutoften fail to answer more fundamental questions:
Where does the beneficial effect begin? Within which range
is the optimum achieved? When does a plateau emerge?
Under what conditions do overload and regression occur?
Consequently, multifactorial designs, repeated-measures
approaches, and response-surface methodologies provide a
more productive framework because they allow researchers
to investigate the space of possible operating regimes rather
than isolated comparisons. This conclusion is consistent with
empirical studies on physical education, motor learning, and
training adaptation (Box & Wilson, 1951; Collins et al., 2009;
Ivashchenko et al., 2016; Ivashchenko et al., 2018).

An important outcome of the study is the process-
oriented interpretation of learning, education, and
training as forms of controlled correction of deviations
from functionally appropriate modes of activity. Such an
interpretation shifts the focus away from the transmission
of information or mechanical repetition of exercises and
toward the mechanisms of error detection, feedback,
and restoration of effective action patterns. Within this
framework, learning may be understood as the development
of a system’s capacity for self-correction, whereas training
represents the enhancement of regulatory mechanisms that
maintain effectiveness under changing conditions. This
interpretation is consistent with contemporary theories of
motor learning, in which feedback, error correction, and
adaptive control occupy a central position.

The proposed interpretation is also consistent with the
concept of the central contradiction of development. Every
adaptive system must simultaneously change in response
to new demands and preserve the stability of its essential
functions. Excessive stability results in stagnation, whereas
excessive change leads to disorganization. Therefore, the
effectiveness of pedagogical and training interventions is
determined not by the magnitude of the stimulus itself but
by the ability to regulate the boundary between stimulation
and disruption, adaptation and overload, renewal and
preservation of structure. This logic corresponds closely to
contemporary views of adaptation as a dynamic balance
between stress and recovery (Kiely, 2012; Halson, 2014).

A further contribution of the study is the interpretation
of residual effects as a mechanism through which change
accumulates over time. If every productive intervention
leaves a temporary functional trace, then the overall
outcome depends on the relationship between the
preservation of that trace and the level of system fatigue.

Excessively long intervals shift the process toward forgetting,
whereas excessively dense repetitions increase the risk of
functional exhaustion. Consequently, the management
of recovery intervals, training volume, and intervention
structure becomes not merely a technical issue but a central
component of developmental logic. Similar mechanisms
have been described in studies of adaptation and training
process planning.

The formal model proposed in this study, in which
system dynamics are represented as an interaction between
forces of stimulation and forces of regulation, is not intended
to serve as a universal description of all biological and
pedagogical processes. Its value lies primarily in its heuristic
potential. The model provides a conceptual explanation
for why development rarely follows a linear trajectory, why
periods of rapid progress are often followed by plateaus, and
why regression may occur despite continued intervention.
From this perspective, growth models can be interpreted
as observable manifestations of the interaction between
stimulation and regulation within the system.

The findings also support the view that methodology
should be understood not merely as a collection of technical
procedures but as a system for generating knowledge. Within
such a framework, statistical methods must be aligned with
research design at the planning stage, while data structures
should preserve opportunities for reanalysis, investigation
of factor interactions, and application of more advanced
analytical models. The use of factorial and discriminant
analyses in pedagogical control and the study of motor
skill development provides a practical example of this logic
(Ivashchenko et al., 2016; Ivashchenko et al., 2018). This
perspective is consistent with contemporary principles of
reproducible research and open science (Ioannidis, 2016).

The practical significance of the proposed concept lies
in its potential application as a tool for evaluating scientific
studies. Any research project may be assessed according to
whether it possesses a meta-level of organization: whether
a conceptual core has been identified, whether the design
corresponds to the nature of the process under investigation,
and whether the collected data allow the identification
of mechanisms rather than merely differences between
mean values. For editorial and peer-review practice, this
perspective provides an additional criterion for assessing
the scientific quality of manuscripts.

The principal limitation of the present study is its
theoretical and methodological nature, together with
its reliance on a single scientific tradition for empirical
verification. Nevertheless, this concentration of material
made it possible to evaluate the proposed concept at the
same level of generalization at which it was formulated,
tracing the connection between conceptual foundations,
experimental design, and reproducible outcomes across
a series of interconnected research programmes. Future
research may focus on interdisciplinary validation of the
model in other fields of knowledge and on the development
of formalized criteria for identifying meta-problems in
contemporary scientific literature.

Conclusions

The meta-problem represents the central contradiction
of the research object and serves as the methodological
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construct that determines the architecture of scientific
inquiry, the logic of evidence generation, and the criteria
for producing new knowledge. It functions as the organizing
framework through which research questions, hypotheses,
methods, and interpretations acquire coherence and
scientific significance.

A meta-problem attains scientific value only when it
is operationalized and subjected to empirical verification.
Without translation into a system of variables, an
experimental design, and an evidence-generating procedure,
it remains a purely theoretical construct.

In the field of physical education and sport, learning,
education, and training may be interpreted as derivative
manifestationsofaunified processinvolving theidentification
of deviations from functionally appropriate modes of
activity and their subsequent correction. This perspective
makes it possible to conceptualize human development as a
controlled process aimed at maintaining effectiveness under
changing environmental and functional conditions.

The central mechanism underlying development is the
contradiction between the necessity for change and the
necessity for preserving functional stability. The effectiveness
of pedagogical and training interventions is therefore
determined by the capacity to regulate the relationship
among stimulation, adaptation, and system constraints.

When the positive influence of a factor is local and
limited, traditional control-experimental group designs
possess restricted explanatory value. More informative
approaches for identifying optimal operating regimes
include multifactorial experimental designs, repeated-
measures strategies, longitudinal studies, and response-
surface methodologies.

Research methodology should be regarded as an
integrated system that combines knowledge about the
nature of the object, experimental planning, embedded
analytical procedures, and data openness that allows
repeated multifactorial analysis. Such integration provides
the foundation for transforming empirical observations into
cumulative scientific knowledge.

The practical significance of the meta-problem concept
lies in its potential application as a framework for research
design, manuscript evaluation, and assessment of whether a
study is capable of generating not only isolated findings but
also cumulative and transferable scientific knowledge.

Ethics Approval

This study was conducted in accordance with the ethical
principles of scientific research, standards of academic
integrity, and the provisions of the Declaration of Helsinki
relevant to analytical and theoretical investigations. The
study was theoretical and methodological in nature and
did not involve human participants, clinical interventions,
collection of personal data, or the use of biological materials.
Therefore, approval from an institutional ethics committee
was not required.

Informed Consent

Informed consent was not required because the study
did not involve human participants, surveys, interviews,
observations, or the use of identifiable personal data.

Data Availability Statement

The data supporting the findings of this study are
contained within the article. The study is based on the
analysis of materials available in the public scientific domain
and on the synthesis of findings reported in previously
published research.

Al Transparency Statement

Artificial intelligence tools were used during manuscript
preparation as supportive instruments for language editing,
text refinement, content organization, and technical
editorial assistance. All conceptual contributions, scientific
interpretations, final formulations, and responsibility for the
content of the article remain solely with the authors.

Acknowledgments

The author expresses gratitude to the scientific
tradition of research in the theory and methodology of
physical education, the achievements of which provided the
foundation for the development of the ideas presented in
this study.

Conflict of Interest Statement

The authors declares no actual or potential conflict of
interest related to the publication of this study.

References

Wasserstein, R.L., & Lazar, N.A. (2016). The ASA statement on
p-values: Context, process, and purpose. The American
Statistician, 70(2), 129-133.
https://doi.org/10.1080/00031305.2016.1154108

Chalmers, I., & Glasziou, P. (2009). Avoidable waste in the
production and reporting of research evidence. Obstetrics
& Gynecology, 114(6), 1341-1345.
https://doi.org/10.1097/A0G.0b013e3181c3020d

Sutton, A.J., Cooper, N.J., & Jones, D.R. (2009). Evidence
synthesis as the key to more coherent and efficient
research. BMC Medical Research Methodology, 9, Article
29. https://doi.org/10.1186/1471-2288-9-29

Kuhn, TS. (1962). The Structure of Scientific Revolutions.
University of Chicago Press.

Lakatos, I. (1970). Falsification and the methodology of scientific
research programmes. In 1. Lakatos & A. Musgrave
(Eds.), Criticism and the Growth of Knowledge (pp.
91-196). Cambridge University Press.

Popper, K. (2005). The Logic of Scientific Discovery. Routledge.

Bertalanfty, L. von. (1968). General System Theory:
Foundations, Development, Applications. George Braziller.

Ioannidis, J.P.A. (2016). Why most clinical research is not
useful. PLoS Medicine, 13(6), €1002049.
https://doi.org/10.1371/journal.pmed.1002049

Impellizzeri, EM., & Marcora, S.M. (2009). Test
validation in sport physiology: Lessons learned from
clinimetrics. International Journal of Sports Physiology
and Performance, 4(2), 269-277.
https://doi.org/10.1123/ijspp.4.2.269

652


https://doi.org/10.1080/00031305.2016.1154108
https://doi.org/10.1097/AOG.0b013e3181c3020d
https://doi.org/10.1186/1471-2288-9-29
https://doi.org/10.1371/journal.pmed.1002049
https://doi.org/10.1123/ijspp.4.2.269

Khudolii, O., Ivashchenko, O., & Khudolii, M. (2026). The Meta-Problem in Scientific Research in Physical Education and Sport:
Architecture and Pathways to Knowledge

Kiely, J. (2012). Periodization paradigms in the 21st century:
Evidence-led or tradition-driven? International Journal of
Sports Physiology and Performance, 7(3), 242-250.
https://doi.org/10.1123/ijspp.7.3.242

Balyi, I., Way, R., & Higgs, C. (2013). Long-Term Athlete
Development. Human Kinetics.

Bishop, D, Jones, E., & Woods, A.K. (2008). Recovery
from training: A brief review. Journal of Strength and
Conditioning Research, 22(3), 1015-1024.
https://doi.org/10.1519/JSC.0b013e31816eb518

Halson, S.L. (2014). Monitoring training load to understand
fatigue in athletes. Sports Medicine, 44(Suppl 2), S139-
S147. https://doi.org/10.1007/s40279-014-0253-2

Khudolii, O.M. (2019). Research Program: Modeling of
Young Gymnasts’ Training Process. Physical Education
Theory and Methodology, 19(4), 168-178. https://doi.
org/10.17309/tmfv.2019.4.02

Ivashchenko, O. (2020). Research Program: Modeling
of Motor Abilities Development and Teaching of
Schoolchildren. Physical Education Theory and
Methodology, 20(1), 32—41. https://doi.org/10.17309/
tmfv.2020.1.05

Box, G.E.P, & Wilson, K.B. (1951). On the experimental
attainment of optimum conditions. Journal of the Royal
Statistical Society: Series B, 13(1), 1-45.

Collins, L.M., Murphy, S.A., & Strecher, V. (2009). The
multiphase optimization strategy (MOST) and the
sequential multiple assignment randomized trial
(SMART). American Journal of Preventive Medicine, 32(5
Suppl), S112-S118.
https://doi.org/10.1016/j.amepre.2007.01.022

Grant, M.J., & Booth, A. (2009). A typology of reviews:
An analysis of 14 review types and associated
methodologies. Health Information & Libraries Journal,
26(2),91-108.
https://doi.org/10.1111/j.1471-1842.2009.00848.x

Page, M.]., McKenzie, J.E., Bossuyt, PM., Boutron, I,
Hoffmann, T.C., Mulrow, C.D., Shamseer, L., Tetzlaff,
J.M., AKkl, E.A., Brennan, S.E., Chou, R., Glanville,

J., Grimshaw, J.M., Hrébjartsson, A., Lalu, M.M.,
Li, T., Loder, E.W., Mayo-Wilson, E., McDonald, S.,

McGuinness, L.A., Stewart, L.A., Thomas, J., Tricco,
A.C., Welch, V.A., Whiting, P, & Moher, D. (2021). The
PRISMA 2020 statement: An updated guideline for
reporting systematic reviews. BMJ, 372, n71.
https://doi.org/10.1136/bmj.n71

Khudolii, O., Ivashchenko, O., & Khudolii, M. (2026). From
Knowledge Mapping to Evidence Synthesis: A Critical
Path Model for Constructing Coherent Scientific
Texts. Physical Education Theory and Methodology, 26(3),
411-418. https://doi.org/10.17309/tmfv.2026.3.01

Bishop, D., Burnett, A., Farrow, D., & Gabbett, T. (2006).
Sports-science roundtable: Does sports-science research
influence practice? International Journal of Sports
Physiology and Performance, 1(2), 161-168.
https://doi.org/10.1123/ijspp.1.2.161

Coutts, A.J., Crowcroft, S., & Kempton, T. (2018). Developing
athlete monitoring systems: Theoretical basis and
practical applications. International Journal of Sports
Physiology and Performance, 13(5), 1-9.

Glasziou, P, Altman, D.G., Bossuyt, P, Boutron, L., Clarke,
M., Julious, S., Michie, S., Moher, D., & Wager, E. (2014).
Reducing waste from incomplete or unusable reports
of biomedical research. The Lancet, 383(9913), 267—
276. https://doi.org/10.1016/S0140-6736(13)62228-X

Khudolii, O.M. (2010). Theoretical and methodological
foundations of the training system for young gymnasts
aged 7-13 years (Doctoral dissertation, specialty 24.00.01
Olympic and Professional Sport). Kharkiv, Ukraine.

Ivashchenko, O., Khudolii, O., Yermakova, T., Iermakov,
S., Nosko, M., & Nosko, Y. (2016). Factorial and
discriminant analysis as methodological basis of
pedagogic control over motor and functional fitness of
14-16 year old girls. Journal of Physical Education and
Sport, 16(2), 442-451.
https://doi.org/10.7752/jpes.2016.02068

Ivashchenko, O., Khudolii, O., Iermakov, S., Chernenko, S.,
& Honcharenko, O. (2018). Full factorial experiment
and discriminant analysis in determining peculiarities
of motor skills development in boys aged 9. Journal of
Physical Education and Sport, 18, 1958-1965.
https://doi.org/10.7752/jpes.2018.s4289

MeTa-npo6nema B HayKoBOMY AOCHIfKeHHi y pisnuHOmMy
BMXOBaHHI i CNOPTi: apXiTeKTypa i WWnAxXu A0 3SHaHHA

Oner Xyponiit'**P, Onpra IBamenko'**“°, Mukomna Xygomiit

+1ABCD

'XapkiBcbKa fiep)kaBHa akazieMist pisMIHOI KyIbTypr
ABTOpCBHKNMIT BKIAA: A — [U3aiiH HOCTiIKeHHs; B — 36ip ganux; C - crarananis; D - migrotoska pykomucy; E - 36ip xomTis

Pedepar. Crarrs: 9 ., 5 Tab., 1 puc., 26 mKeper.

AxryanpHicTh. CyyacHe HayKOBe JOC//KeHH Jiefiasli yacTillle CTUKAETbCSA He 3 HecTadyelo JaHNX, a 3 HeCTauelo HaJIeXKHOTO
PIBHsI y3arajbHEeHH, Ha IKOMY JaHi MOXXYTb OyT1 IepeTBOpeHi Ha 3HaHHs. Y 6ararbox IPUKIAHIX TaIy3sX, 30Kpema y ¢isud-
HOMY BUXOBaHHI i COPTi, TEXHIYHO KOPEKTHi JOCTIPKeHHA HePiIKO 3aIMIIAI0ThcsA GparMeHTapHUMH Yepes BiiCy THICTb MM pIioi
MTOSICHIOBATbHOI PAMKIL.

Mera. CrucTeMaT3yBaTI MiIXOAM O PO3YMiHHA MeTa-Ipobsemi Ta ii onepariionanisanii y OCTIKeHHAX 3 (isSUYHOTO BU-
XOBaHHA i CIIOPTY.

653


https://doi.org/10.1123/ijspp.7.3.242
https://doi.org/10.1519/JSC.0b013e31816eb518
https://doi.org/10.1007/s40279-014-0253-z
https://doi.org/10.17309/tmfv.2019.4.02
https://doi.org/10.17309/tmfv.2019.4.02
https://doi.org/10.17309/tmfv.2020.1.05
https://doi.org/10.17309/tmfv.2020.1.05
https://doi.org/10.1016/j.amepre.2007.01.022
https://doi.org/10.1111/j.1471-1842.2009.00848.x
https://doi.org/10.1136/bmj.n71
https://doi.org/10.17309/tmfv.2026.3.01
https://doi.org/10.1123/ijspp.1.2.161
https://doi.org/10.7752/jpes.2016.02068
https://doi.org/10.7752/jpes.2018.s4289

ISSN 1993-7989. elSSN 1993-7997. ISSN-L 1993-7989. Physical Education Theory and Methodology. Vol. 26, Num. 4

Marepiann i metogu. JloCTiIKeHHsI BUKOHAHO y (OPMATi TEOPETUKO-METOROIOTIYHOTO aHAJII3Y 3 elleMeHTaMI PeTpo-
CrieKTMBHOI eMmipnyHoi Bepudikaii. Jlorika po60TI IPYHTYBaIacs Ha IIPUIYIIEHHi, 110 IPOAYKTUBHI JOCTiHULIBKI ITpOrpamm
(OPMYIOTbCS He /NIIIe HABKOJIO IOKa/IbHUX IilI0Tes, 2 HABKO/IO KOHLIEIITIiB BUIIOTO PiBHSI y3arajbHEeHHs, K BUSHAYAIOTh apXiTeK-
TYPY AOCTi[KEHH s, IOC/TiIOBHICTD [JOKa3yBaHHA Ta LIJLAXY OTPMMaHHA HOBOTO 3HaHHA. BUKOpMCTaHO KOHLIENTYa/IbHUIT aHaTIi3,
MOPiBHABHII METONOIOTIYHNUII CUHTE3 i peTPOCIIEKTUBHNII aHali3 3aBEePIIEHNX JOKTOPChKIUX JOCTi/KEHb, TPUCBAYEHNX MOJie-
JIIOBAHHIO IIPOLIeCiB HABYAHHS, TPEHYBAHHA Ta PO3BUTKY PYXOBUX 3[i6HOCTEIL.

PesynpraTi. MeTa-npo6/ieMy iHTepIIPEeTOBAHO K KOHLENTYa/IbHY KOHCTPYKIIIO BUILOrO PiBH, 110 Hepeaye ¢opmyio-
BaHHIO TeMM, MeTH, TiloTe3n Ta BUOOpy MeToliiB. BoHa Bu3Hayae paMKy, y Me>Kax fKOI Iii efeMeHTH HabyBaOTb 3MiCTOBOI y3ro-
IPKEHOCTIi Ta HayKoBoro ceHcy. ITokasaHo, 1o y ¢isuyHOMY BUXOBaHHI i CHOPTi HABYaHHA, BUXOBaHHA i TPEHYBaHHA MOXYTb
PO3I/IAAATICS SIK MOXi/iHI (OPMU €UMHOTO MPOLIECY BUSB/ICHHS BIIXIIEHD Bijl QYHKIIOHAIBHO JOLIBHOTO PEXIMY Ais/IBHOCTI
Ta Ix Kopekuil. [leHTpaspHe IPOTUPIIYs PO3BUTKY HOJISTAE Y HEOOXIFHOCT] 3MIHIOBATICS TIPY OZHOYACHOMY 36epexkeHH] PyHK-
[iOHA/IbHOI CTINIKOCTI. 32 YMOB JIOKQ/IBHOTO Ta 0OMEXEHOT0 [TO3UTUBHOTO BIUIMBY (PAKTOpPA KIACUYHI JBOTPYIIOBI CXeMU MAlOTh
06MeXKeHY MOACHIOBA/IbHY LIIHHICTD, TOAI AK (GaKTOpPHI MIaHM, cepiiiHi BUMIpIOBaHHSA Ta MOfie/li IOBEPXHi BIATyKy € 6ibLrI mpo-
TYKTVBHMMM JI/IS1 TIOIITYKY ONTVMMAIbHUX PEXMMIB.

BucHoBku. MeTa-1po67eMy [JOLIIbHO POSIVIAZATY AK METOJOIOTIYHIIT PiBeHb, 110 OPraHi3ye KPUTUYHMII HIIAX HAYKOBOTO
nouryky. [i mpakTiYHe 3HAYEHHS MONATAE B YIOCKOHAIEHH] TU3aiTHY JOCTIIKEHb, EKCIIEPTU3U PYKOTIUCIB i IPOIyKyBaHHi KyMy-
JIATUBHOTO HAYKOBOT'O 3HAHHS.
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Abstract

Objectives. As physical education increasingly intersects with digital learning, artificial intelligence, and flexible
modes of delivery, the field faces a critical question of how movement-based education can remain pedagogically
meaningful in technologically mediated environments. This study mapped the global scholarship on digitally
mediated physical education from 2015 to 2025, focusing on online, open-distance, and technology-enhanced

learning.

Materials and Methods. Using a bibliometric design with thematic evolution analysis, 1,358 Scopus-indexed
documents were examined using Bibliometrix/Biblioshiny and VOSviewer.

Results. The results revealed a rapidly expanding and interdisciplinary field shaped by the convergence of pedagogy,
educational technology, artificial intelligence, public health, and computational learning systems. Conceptually, the
literature was anchored in artificial intelligence, COVID-19, online learning, higher education, blended learning,
distance learning, virtual reality, physical activity, digital technology, and educational technology. Bibliographic
coupling and co-citation analyses showed that the field is sustained by both core pedagogical traditions and emerging
technological knowledge bases. Thematic evolution indicated a progression from early ICT and blended learning
applications toward pandemic-responsive online physical education and, more recently, Al-supported, immersive,

teacher-oriented, and learner-centered digital pedagogies.

Conclusions. The study positions digitally mediated physical education as a developing learning-and-development
field requiring stronger pedagogical, ethical, and theoretical grounding.
Keywords: digitally mediated physical education, online learning, open distance learning, artificial intelligence,

bibliometric analysis, thematic evolution.

Introduction

Physical Education (PE) occupies a distinctive position
in educational scholarship because it is not limited to the
transmission of content knowledge or the performance
of isolated movement skills. Rather, PE functions as an
embodiedlearningenvironmentwheremovement, cognition,
affect, social interaction, health behavior, and personal
development intersect. Bailey et al. (2009) emphasized

© Joseph Lobo, 2026.
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that PE and school sport may contribute to learners’
physical, social, affective, and cognitive development when
educational claims are supported by sound pedagogical
practice. Lubans et al. (2010) further positioned fundamental
movement skills as important foundations for children’s and
adolescents’ physical, cognitive, and social development. In
relation to instructional outcomes, Lonsdale et al. (2013)
showed that PE-based interventions can increase students’
moderate-to-vigorous physical activity when lessons are
intentionally structured. Motivation is also central to PE’s
developmental function, as Haerens et al. (2010) linked
students’ motivational profiles in PE with the adoption of a
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physically active lifestyle. These perspectives suggest that PE
should be understood as a learning-and-development field in
which movement experiences are connected to competence,
motivation, participation, and long-term health-oriented
behavior.

The increasing presence of digital technologies has
complicated and expanded this traditional understanding
of PE. Digital mediation does not simply transfer PE content
from gymnasium to screen; it reconfigures how movement
is demonstrated, practiced, monitored, assessed, and
experienced. Gard (2014) anticipated that digitized health
and PE would reshape how students encounter movement,
health knowledge, and bodily learning. Enright and Gard
(2016) similarly argued that media and digital technologies
influence how sport and movement learning are socially and
pedagogically organized. In broader educational settings,
Boelens et al. (2017) identified flexibility, interaction,
learning-process support, and affective climate as key design
challenges in blended learning environments. Garrison
and Kanuka (2004) further argued that blended learning
has transformative potential when online and face-to-face
learning are meaningfully integrated. Applied to PE, these
arguments indicate that digital, blended, and open distance
modes should not be viewed as neutral delivery systems,
but as pedagogical environments that reshape participation,
feedback, embodiment, and learner engagement.

The expansion of online learning, artificial intelligence,
virtual reality, learning analytics, mobile learning, and
teacher-facing digital tools has further widened the scope
of digitally mediated PE. Rasheed et al. (2020) showed
that the online component of blended learning introduces
challenges related to learner self-regulation, technological
readiness, teacher competence, and institutional support. In
teacher education, Phelps et al. (2021) found that preservice
PE teachers use technology for planning, instruction, and
assessment, but also encounter barriers that point to the need
for stronger technology-related preparation. Merchant et al.
(2014) demonstrated that virtual reality-based instruction
can influence learning outcomes across K-12 and higher
education settings. Ifenthaler and Yau (2020) showed that
learning analytics can support study success when data are
used to provide meaningful feedback and learner support.
Cromptonand Burke (2023) documented the rapid expansion
of artificial intelligence in higher education, suggesting that
Al-supported learning has become increasingly important
in contemporary digital pedagogy. These developments
indicate that digitally mediated PE is no longer limited to
online instruction or pandemic-era remote teaching, but
now includes intelligent, immersive, data-informed, and
technology-enhanced approaches to movement learning
and learner development.

Despite this expansion, scholarship on digitally mediated
PE remains marked by a methodological and pedagogical
contradiction. On the one hand, digital learning, artificial
intelligence, online instruction, open distance education,
virtual reality, and educational technologies are increasingly
being used to describe new possibilities for PE. On the
other hand, much of this scholarship is dispersed across PE
pedagogy, educational technology, public health, teacher
education, sport science, and computationally oriented
research, making it difficult to determine whether the
field is developing around the embodied, relational, and

developmental purposes of PE or being absorbed into
broader technology-driven educational discourse. This
creates a scientific problem for PE scholarship because the
expansion of digital tools does not automatically clarify how
movement learning, motivation, feedback, participation,
teacher preparation, and learner development are being
conceptually organized in digitally mediated environments.
Without a bibliometric and thematic synthesis, the field
risks appearing as a collection of platform-based, pandemic-
responsive, Al-oriented, or EdTech-adjacent studies rather
than as a coherent PE-centered learning-and-development
research area. Donthu et al. (2021) noted that bibliometric
analysis is useful for examining large volumes of scientific
data and identifying the evolutionary nuances and emerging
areas of a field, while Aria and Cuccurullo (2017) emphasized
that science mapping tools such as Bibliometrix support
comprehensive workflows for identifying the structure and
development of research fields. Therefore, this study conducts
a bibliometric and thematic evolution analysis of digitally
mediated PE scholarship from 2015 to 2025, focusing on
online, open distance, and technology-enhanced learning.
By doing so, it aims to clarify how digitally mediated PE has
developed as a PE-centered learning-and-development field,
identify the intellectual and conceptual structures shaping
its growth, and explain how pedagogical, technological, and
learner-development concerns have transformed over time.

Materials and Methods

Research design

This study employed a bibliometric research design
complemented by thematic evolution analysis to map the
development of digitally mediated physical education
scholarship from 2015 to 2025. The analysis focused on
literature related to online learning, open distance learning,
blended and hybrid learning, e-learning, artificial intelligence,
virtual learning, educational technology, and other
technology-enhanced approaches in Physical Education. A
bibliometric approach was appropriate because it enabled the
systematic examination of publication trends, citation patterns,
collaboration networks, conceptual structures, and intellectual
foundations within the field (Hoang, 2025). Thematic
evolution analysis further supported the identification of how
major topics shifted over time, particularly from early digital
and blended learning applications toward online instruction,
Al-supported learning, immersive technologies, and learner-
centered digital pedagogy.

Data Source and Search Strategy

Table 1 summarizes the search strategy and inclusion
parameters of the study, including the Scopus retrieval date.
The bibliographic data were retrieved from Scopus using
the TITLE-ABS-KEY field, which enabled the capture of
records whose titles, abstracts, or keywords reflected the
focus of the study. Scopus was selected because it provides
structured bibliographic metadata suitable for bibliometric
analysis, including source titles, author information,
affiliations, citations, abstracts, and keywords. The search
strategy combined Physical Education-related terms with
digital learning and technology-related terms to ensure that
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the corpus remained anchored in PE while capturing its
interdisciplinary links with online learning, open distance
education, blended learning, artificial intelligence, virtual
learning, and educational technology.

The search was intentionally broad because digitally
mediated PE is indexed across several overlapping
terminologies. However, records were retrieved only when
PE-related terms such as “physical education,” “movement
education,” “sport pedagogy,” “physical education teacher
education,” or “PETE” intersected with digital or technology-
related terms within the same TITLE-ABS-KEY search
field. This PE-centered search architecture was used to
minimize the retrieval of general educational technology,
artificial intelligence, or online learning studies that were
not connected to PE, movement learning, sport pedagogy,
or PETE. The search was restricted to English-language
articles, reviews, and conference papers published from
2015 to 2025.

Table 1. Search strategy and inclusion parameters

Parameter Description

Database & indexes
Search field

Search string

Scopus
TITLE-ABS-KEY

TITLE-ABS-KEY ( ( “physical education” OR
“physical educat*” OR “movement education”
OR “sport pedagogy” OR “physical education
teacher education” OR “PETE”) AND
(“online learning” OR “online teaching” OR
“online instruction” OR “online education”
OR “distance learning” OR “distance
education” OR “open distance learning” OR
“open and distance learning” OR “ODL” OR
“remote learning” OR “remote teaching”
OR “remote instruction” OR ‘“e-learning”
OR “elearning” OR “mobile learning” OR
“m-learning” OR “virtual learning” OR
“virtual teaching” OR “virtual instruction”
OR “digital learning” OR “digital teaching”
OR “digital instruction” OR “technology-
enhanced learning” OR  “technology
enhanced learning” OR “blended learning”
OR “hybrid learning” OR “flexible learning”
OR  “modular distance learning” OR
“emergency remote teaching” OR “learning
management system” OR “LMS” OR “digital
platform” OR “online platform” OR “ICT”
OR “educational technology” OR “digital
technology” OR “artificial intelligence”
OR AI)) AND (LIMIT-TO (DOCTYPE,
“ar”) OR LIMIT-TO (DOCTYPE, ‘“cp”
OR LIMIT-TO (DOCTYPE, “re’)) AND
(LIMIT-TO (LANGUAGE, “English”)) AND
(LIMIT-TO (SRCTYPE , ) OR LIMIT-TO
(SRCTYPE, “p”))

English

Article, Review and Conference Papers
April 24, 2026

2015-2025

Language
Document types
Retrieval date

Final timespan of
corpus

Eligibility Criteria and Corpus Delimitation

Records were included if they were indexed in Scopus
as English-language articles, reviews, or conference papers
published between 2015 and 2025 and were substantively
connected to digitally mediated PE. The initial search yielded
1,605 records, which were screened and manually refined to
ensure PE-centered relevance. Records were retained when
they focused on online or open distance PE, blended or hybrid
PE, technology-enhanced PE pedagogy, Al-supported PE,
virtual or digital movement learning, PE teacher education,
sport pedagogy, physical activity instruction, or PE-related
learner development. Records were excluded when they
primarily belonged to general educational technology, Al in
education, online learning, open distance education, computer
science, public health, or generic higher education without an
explicit PE, movement education, sport pedagogy, or physical
activity instruction focus.

Screening was conducted through an iterative eligibility-
verification process. Titles, abstracts, author keywords, index
keywords, source titles, and subject-area information were
examined to determine whether each record was aligned with
digitally mediated PE. Borderline records were rechecked
after data cleaning, particularly those positioned between
PE, general EdTech, Al-supported education, public health,
and computational learning systems. Following corpus
delimitation, the final dataset comprised 1,358 documents
published across 525 sources and authored by 3,399 scholars.
The corpus consisted of journal articles (n = 1,005), conference
papers (n = 307), and reviews (n = 46).

Data Cleaning and Preprocessing

The retrieved records were screened and cleaned before
analysis to improve consistency, relevance, and reliability. The
process involved checking bibliographic fields for formatting
inconsistencies,removingrecordsoutsidetheretaineddocument
categories,and manually excluding documents that did notalign
with the study’s focus on digitally mediated PE. Titles, abstracts,
author keywords, index keywords, source titles, and subject-
area information were examined to determine whether each
record demonstrated an explicit connection to PE, movement
learning, sport pedagogy, physical activity instruction, PETE,
or PE-related learner development. Furthermore, a verification
pass was conducted after the initial cleaning to recheck
borderline records, particularly those positioned between
PE, general educational technology, Al-supported education,
public health, online learning, and computational learning
systems. Records with uncertain relevance were reassessed
against the eligibility criteria and were retained only when their
PE-centered or movement-learning connection was explicit in
the bibliographic information. Author’s Keywords were also
reviewed and standardized to reduce fragmentation caused by
spelling variation, capitalization, hyphenation, singular and
plural forms, and closely related terms. A thesaurus file was
used in VOSviewer to merge equivalent terms and improve the
clarity of keyword co-occurrence, bibliographic coupling, and
co-citation visualizations.

Bibliometric Analysis

The cleaned dataset was analyzed using Bibliometrix/
Biblioshiny for descriptive bibliometric outputs and thematic
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evolution (Aria & Cuccurullo, 2017, 2026), while VOSviewer
was used for science mapping and network visualization
(Bukar et al., 2023). Descriptive analysis summarized the
field’s publication growth, source productivity, author
contributions, citation characteristics, document types,
and collaboration indicators. Co-authorship and country
collaboration analyses were used to examine collaborative
patterns, while keyword co-occurrence analysis mapped
the conceptual structure of the field. Bibliographic coupling
at the source level identified contemporary research-front
relationships among publication outlets, whereas co-citation
analysis examined the shared intellectual foundations of the
field. Trend-topic and thematic evolution analyses were
also conducted to identify how major themes in digitally
mediated Physical Education changed across the study
period.

Network Thresholds and Visualization Parameters

Thresholds were selected to balance inclusiveness,
readability, and interpretive clarity. Rather than maximizing
the number of displayed items, the analysis retained settings
that produced coherent and analytically meaningful network
structures. The final thresholds were set at a minimum of
5 documents for country co-authorship, 9 occurrences for
Author’s Keyword co-occurrence, 10 documents for source-
level bibliographic coupling, and 20 citations for source co-
citation analysis. Author-level co-authorship was initially
examined, but the resulting map was not sufficiently clear
for interpretation; therefore, the country-level network was
emphasized to capture international collaboration patterns
more effectively. In the visualizations, nodes represented
countries, keywords, sources, or cited sources depending on
the analysis conducted, while links indicated the strength
of association between items. Node size reflected relative
prominence, and colors represented clusters of closely
related items.

Source Composition and Interpretive Approach

The final corpus reflected the interdisciplinary character
of digitally mediated PE, with sources drawn from PE
pedagogy, sport education, educational technology, public
health, computer science, and conference-based publication
venues. This composition was considered appropriatebecause
digitally mediated PE is not developed exclusively within
traditional PE journals, but also through technological,
computational, and health-oriented research spaces. Source
interpretation distinguished between core PE and sport
pedagogy outlets, educational technology and public health
journals, and technology-oriented conference proceedings.
Core PE and sport pedagogy sources were interpreted as
more directly connected to movement learning, pedagogy,
teacher education, and learner development, while
technology-oriented and conference-based sources were
interpreted as evidence of the field’s broader digital and
computational expansion.

Ethical Statement

This study relied exclusively on bibliographic records
indexed in Scopus and did not involve human participants,

personal data, or direct intervention. This study has
been exempted for ethical review by the Bulacan State
University-Research Ethics Committee (BulSU-ERC)
BulSUERC-2026-0145-EX.

Results

Descriptive Profile and Publication Growth

The final dataset comprised 1,358 documents published
between 2015 and 2025 across 525 sources, indicating
that digitally mediated Physical Education has become a
substantial and visible research area. The corpus recorded
an annual growth rate of 24.00%, an average document age
of 3.90 years, and 9.61 citations per document, with 42,641
references supporting the dataset. The presence of 4,286
Keywords Plusand 3,141 Author Keywords further suggests a
thematically diverse field shaped by online learning, distance
education,artificial intelligence, digital technologies, blended
learning, physical activity, and educational innovation. The
authorship and document profile indicate a collaborative
and article-driven field. A total of 3,399 authors contributed
to the corpus, with 279 single-authored documents and
an average of 3.31 co-authors per document. International
co-authorship accounted for 15.39%, suggesting moderate
cross-national collaboration. Journal articles dominated
the corpus (n = 1,005), followed by conference papers (n =
307) and reviews (n = 46), reflecting the field’s grounding in
peer-reviewed research while also showing the influence of
technology- and innovation-oriented conference outputs.
Annual production, shown in Figure 1, demonstrates
strong growth across the period. Output increased from
32 publications in 2015 to 56 in 2019, then rose sharply
during the pandemic period, reaching 91 in 2020 and 218
in 2021. Although production declined in 2022 and 2023,
it accelerated again in the most recent years, reaching 223
publications in 2024 and peaking at 275 in 2025. This pattern
suggests that digitally mediated PE has moved beyond a
temporary COVID-19 response and has become a sustained
research area concerned with digital pedagogy, AI-supported
learning, flexible delivery, and learner development.

Annual Scientific Production (2015-2025)
300

250
200
150

100

2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025

@ Articles

Fig. 1. Annual scientific production in digitally mediated physical
education scholarship

Citation impact varied across annual cohorts, largely
reflecting differences in citation maturity. Earlier and mid-
period publications recorded higher mean total citations
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per article, with 2017 showing the highest value (21.34),
followed by 2020 (19.87), 2018 (19.05), and 2019 (17.46).
When normalized by citable years, 2020 recorded the
strongest mean citation performance (2.84 citations per
year), suggesting that pandemic-era scholarship became
an important point of consolidation for research on online,
remote, and digitally mediated physical education. More
recent publications, particularly those from 2024 and 2025,
should be interpreted cautiously because they have had less
time to accumulate citations. The citation profile indicates
meaningful scholarly visibility while also reflecting the
expected temporal effects of citation accrual.

Leading Sources, Authors, Affiliations
and Influential Documents

Asshown in Table 2, scholarship on digitally mediated PE
is distributed across a distinctly interdisciplinary publication
base, shaped by conference proceedings, Physical Education
journals, sport pedagogy outlets, educational technology
sources, and broader health and public health journals. The
Journal of Physics: Conference Series emerged as the most
productive source with 44 articles, followed by the ACM
International Conference Proceeding Series with 39 articles.
This pattern indicates the strong presence of computational,
technological, and conference-based scholarship within the
field, particularly in relation to artificial intelligence, digital
systems, learning technologies, and technology-enhanced
educational applications. At the same time, the presence of
Journal of Physical Education and Sport with 36 articles,
Sport, Education and Society with 27 articles, Journal of
Teaching in Physical Education with 26 articles, Retos with
25 articles, European Physical Education Review with 19
articles, and Journal of Physical Education, Recreation and
Dance with 19 articles confirms that the field remains firmly
anchored in PE pedagogy, sporteducation, teacher education,
and movement-based learning. Additional contributions
from Applied Mathematics and Nonlinear Sciences and
the International Journal of Environmental Research and
Public Health further suggest that digitally mediated PE has
developed at the intersection of computational methods,
pedagogical innovation, health promotion, and educational
development.

Table 2. Most relevant sources within the corpus
(2015-2025)

Sources Num‘ber of
articles

Journal of Physics: Conference Series 44
ACM International Conference Proceeding Series 39
Journal of Physical Education and Sport 36
Applied Mathematics and Nonlinear Sciences 33
International Journal of Environmental Research 27
and Public Health

Sport, Education and Society 27
Journal of Teaching in Physical Education 26
Retos 25
European Physical Education Review 19
Journal of Physical Education, Recreation and 19
Dance

The author citation profile presented in Table 3 likewise
points to a recognizable group of influential contributors
whose work has shaped the scholarly conversation around
technology, pedagogy, online learning, and Physical
Education. Goodyear, V. A. emerged as the most cited author
within the corpus with 114 citations, followed by Wang, Y.
with 108 citations, Casey, A. with 84 citations, and Calderon,
A. with 83 citations. Other highly cited authors included
Killian, C. M. with 81 citations, Sargent, J. with 68 citations,
Armour, K. M. with 59 citations, Gonzalez-Calvo, G. with 57
citations, Marttinen, R. with 56 citations, and Macphail, A.
with 48 citations. This pattern suggests that the field is shaped
by scholars working across Physical Education pedagogy,
digital technology, online and blended instruction, teacher
education, and pandemic-related pedagogical adaptation.
Rather than reflecting a purely technical or platform-driven
body of research, the author citation profile indicates that
digitally mediated PE is strongly informed by pedagogical,
sociocultural, and teacher-centered perspectives.

Table 3. Most cited authors within the corpus (2015-2025)

Author Citations
Goodyear, V. A. 114
Wang, Y. 108
Casey, A. 84
Calderdn, A. 83
Killian, C. M. 81
Sargent, J. 68
Armour, K. M. 59
Gonzalez-Calvo, G. 57
Marttinen, R. 56
Macphail, A. 48

Table 4 presents the most locally cited documents,
which indicate the key intellectual anchors of the corpus.
Casey et al. (2017) ranked first with 53 local citations and
190 global citations, highlighting the field’s concern with the
relationship between pedagogy, technology, and learning in
health and Physical Education. This is followed by Jeong and
So (2020)and three were recommended teachers making
efforts to improve the online classes offered by the Korea
Ministry of Education. A qualitative case study method
employing phenomenological procedures to collect and
analyze the data was used. The difficulties of operating
middle and high school online physical education classes for
the first time included (1, whose work on online PE during
the pandemic received 47 local citations and 125 global
citations, reflecting the strong influence of COVID-19-
related remote instruction research. The remaining highly
cited documents further show that the field is shaped by
four major concerns: digital pedagogy, pandemic-driven
instructional change, artificial intelligence, and online
or blended PE. Studies by Varea et al. (2022)where close
proximity and physical contact is common, particularly
in Spain which has a high proximity culture. Significantly,
the delivery of PE has changed because of the Covid-19
pandemic, and this brings significant consequences for
preservice PE teachers. Purpose: The aim of the paper is to
explore the changes of PE during Covid-19 and the effects on
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pre-service teachers. Methods: Semi-structured interviews
were used to produce data with a group of 12 preservice
PE teachers from Spain (four women and eight men, Lee
and Lee (2021)including education. Al can also provide
special support to learners through academic sustainability
or discontinuation predictions. While AI research remains
in its early stages, we must examine how it evolves and exerts
its potential over time. By utilizing Al in physical education
(PE, Mercier et al. (2021)362, Bodsworth and Goodyear
(2017), Killian et al. (2019), O’Brien et al. (2020), Howley
(2022) and Chan et al. (2021) collectively point to a literature
centered on technology integration, teacher adaptation,
remote learning, Al-supported PE, and digital instructional
models.

At the institutional level, Table 5 indicates an
internationally distributed but selective network of
affiliations contributing to digitally mediated PE scholarship.
Deakin University emerged as the most productive affiliation
with 21 articles, followed by the University of Limerick
(15) and the University of Granada (11). A second group
of productive institutions included Australian Catholic
University, Universiti Sains Malaysia, and the University of
New Hampshire (10). Additional contributions came from

Table 4. Most cited documents within the corpus (2015-2025)

Universiti Putra Malaysia (9), and Dublin City University,
Loughborough University, and Lviv Polytechnic National
University (8). This affiliation profile suggests that the field
is not concentrated in a single geographic or institutional
center. Instead, it is sustained by a distributed international
network of universities with strengths in PE, sport pedagogy,
teacher education, educational technology, and health-
related research.

Table 5. Most relevant affiliations within the corpus
(2015-2025)

Affiliation Articles
Deakin University 21
University of Limerick 15
University of Granada 11
Australian Catholic University 10
Universiti Sains Malaysia 10
University of New Hampshire 10
Universiti Putra Malaysia 9
Dublin City University 8
Loughborough University 8
Lviv Polytechnic National University 8

Document

Casey, A., Goodyear, V. A, & Armour, K. M. (2017). Rethinking the relationship between
pedagogy, technology and learning in health and physical education. Sport, Education and
Society, 22(2), 288-304. https://doi.org/10.1080/13573322.2016.1226792

Jeong, H.-C., & So, W.-Y. (2020). Difficulties of Online Physical Education Classes in
Middle and High School and an Efficient Operation Plan to Address Them. International
Journal of Environmental Research and Public Health, 17(19), 7279-7279. https://doi.
org/10.3390/ijerph17197279

Varea, V., Gonzalez-Calvo, G., & Garcia-Monge, A. (2022). Exploring the changes of
physical education in the age of Covid-19. Physical Education and Sport Pedagogy, 27(1),
32-42. https://doi.org/10.1080/17408989.2020.1861233

Lee,H.S., & Lee, J. (2021). Applying Artificial Intelligence in Physical Education and Future
Perspectives. Sustainability, 13(1), 351. https://doi.org/10.3390/su13010351

Mercier, K., Centeio, E., Garn, A., Erwin, H., Marttinen, R., & Foley, J. (2021). Physical
Education Teachers’ Experiences With Remote Instruction During the Initial Phase of the
COVID-19 Pandemic. Journal of Teaching in Physical Education, 40(2), 337-342. https://
doi.org/10.1123/jtpe.2020-0272

Bodsworth, H., & Goodyear, V. A. (2017). Barriers and facilitators to using digital
technologies in the Cooperative Learning model in physical education. Physical Education
and Sport Pedagogy, 22(6), 563-579. https://doi.org/10.1080/17408989.2017.1294672
Killian, C. M., Kinder, C. J., & Woods, A. M. (2019). Online and Blended Instruction in
K-12 Physical Education: A Scoping Review. Kinesiology Review, 8(2), 110-129. https://
doi.org/10.1123/kr.2019-0003

O’Brien, W., Adamakis, M., O’ Brien, N., Onofre, M., Martins, J., Dania, A., Makopoulou,
K., Herold, F, Ng, K., & Costa, J. (2020). Implications for European Physical Education
Teacher Education during the COVID-19 pandemic: A cross-institutional SWOT analysis.
European Journal of Teacher Education, 43(4), 503-522. https://doi.org/10.1080/0261976
8.2020.1823963

Howley, D. (2022). Experiences of teaching and learning in K-12 physical education
during COVID-19: An international comparative case study. Physical Education and Sport
Pedagogy, 27(6), 608-625. https://doi.org/10.1080/17408989.2021.1922658

Chan, W.K,, Leung, K. I, Hoc, C., Wuc, W,, Lam, K. Y., Wong, N. L., Chan, C. Y. R,, Leung,
K. M., & Tse, A. C. Y. (2021). Effectiveness of online teaching in physical education during
covid-19 school closures: A survey study of frontline physical education teachers in Hong
Kong. Journal of Physical Education and Sport, 21(4), 1622-1628. https://doi.org/10.7752/
jpes.2021.04205

Local citations Global citations
53 190
47 125
40 127
39 149
39 84
36 129
29 56
29 101
25 41
24 41
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Collaborative Structure of the Field

Author-level co-authorship was initially examined, but
the network was not sufficiently clear for interpretation.
Collaboration was therefore analyzed at the country level. As
shown in Figure 2, 52 countries were connected in the final
network, indicating that digitally mediated PE scholarship
has developed a broad international collaboration base.
The network shows that collaboration is global but unevenly
distributed. China appears as the most central hub, with the
largest node and multiple cross-national links. Other countries
contribute to the connected structure, but with comparatively
smaller and less central positions. Overall, the map suggests that
the field is internationally networked, yet collaboration remains
concentrated around alimited number of highly active countries.

-
ufitiggotes china

Fig. 2. Country co-authorship network map in digitally mediated
physical education scholarship

The countries’ collaboration world map in Figure 3
reinforces the international but uneven structure of digitally
mediated Physical Education scholarship. Cross-national
collaboration is most visible around China, which appears
as the most prominent hub, alongside strong linkages
involving the United States, Australia, India, Canada, and
parts of Europe and Southeast Asia. Although the map
shows broad geographic reach, the collaboration pattern
remains concentrated among a limited number of highly
active countries rather than being evenly distributed across
all regions. This suggests that the field has become globally
connected, but its international knowledge production is
still shaped by selective and dominant research hubs.

//a /‘ o7 .

Fig. 3. Countries’ collaboration world map in digitally mediated
physical education scholarship

Conceptual Structure of the Field

The conceptual structure of digitally mediated PE
scholarship was examined through a co-occurrence
analysis of Author Keywords using a minimum threshold
of 9 occurrences. At this level, 57 connected items formed
5 clusters (Figure 4), indicating that the field is conceptually
organized around digital pedagogy, online delivery, teacher
development, emerging technologies, and pandemic-related
teaching and learning. The red cluster represents digital and
blended learning applications in PE, including terms such
as “blended learning,” “e-learning,” “flipped classroom,’
“gamification,” “mobile learning,” “motivation,” “learning
outcomes,” “physical activity” and “teacher training” The
green cluster reflects AI-driven and advanced technological
systems, organized around “artificial intelligence,”
“machine learning;” “deep learning,” “big data,” “internet of
things (IoT)”, “virtual reality, “wearable technology” and
“online physical education” The blue cluster highlights
online learning and teacher education, linking adapted
“physical education,” “digital learning,” “distance learning,”
“online learning,” “physical education teacher education,”
“professional development” and “teacher education.”
The yellow cluster captures pedagogical integration and
instructional support, with terms such as “assessment,”
“information and communications technology;” “pedagogy,’
“teachers,” “technology integration” and “TPACK.” Finally,
the purple cluster reflects pandemic-related and learner-
centered concerns, centered on “COVID-19, “online
teaching,” “self-efficacy” and “student engagement.” The
network shows that the field is structured by the convergence
of pedagogy, digital delivery, intelligent technologies, and

learner development.
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Fig. 4. Co-occurrences network map in digitally mediated
physical education scholarship

Table 6 further clarifies the conceptual profile of the field
by identifying the most frequent Author Keywords in the
corpus. “Artificial intelligence” emerged as the most frequent
keyword with 150 occurrences and a total link strength
of 116, indicating the growing prominence of intelligent
systems and Al-supported applications in digitally mediated
PE. “Covid-19” ranked second with 109 occurrences and the
highest total link strength (132), confirming the pandemic’s
strong role in accelerating research on online, remote,
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and technology-supported PE. Other frequent keywords
included “online learning” (85), “higher education” (81),
“blended learning” (66), “distance learning” (64), “virtual
reality” (61), “physical activity” (55), “digital technology”
(54) and “educational technology” (48). These patterns
suggest that the field is conceptually organized around Al,
pandemic-responsive teaching, online and distance learning,
higher education contexts, immersive technologies, physical
activity, and broader educational technology integration.

Table 6. Most frequent Author’s Keywords

Rank Author’s Keyword Occurrences Total link strength

1 Artificial intelligence 150 116
2 Covid-19 109 132
3 Online learning 85 97
4 Higher education 81 92
5 Blended learning 66 78
6 Distance learning 64 61
7  Virtual reality 61 52
8  Physical activity 55 78
9 Digital technology 54 55
10 Educational technology 48 50

Furthermore, the trend-topics analysis shows a clear
temporal shift in digitally mediated Physical Education
scholarship. Earlier topics were associated with “multimedia
technology,” “health and physical education,” “adapted physical
education,” “mobile learning;” “flipped classroom” and “digital
learning,” suggesting an initial emphasis on technology-
supported instruction and early digital applications in PE.
Around the pandemic period, terms such as “college physical
education,” “teaching,” “COVID-19,” “blended learning”
and “physical activity” became more visible, reflecting the
fields response to remote instruction, flexible delivery, and
activity-based learning during educational disruption. In the
most recent period, the literature increasingly centered on
“online learning,” “digital technology,” “artificial intelligence,”
“educational technology;” “virtual reality;” “gamification” and
“student engagement.” This pattern suggests that the field
has moved from general digital and blended delivery toward
more specialized concerns involving Al-supported learning,
immersive technologies, learner engagement, and future-
oriented digital pedagogy.

Trend Topics
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Fig. 5. Trend topics based on Author’s Keywords in digitally
mediated physical education scholarship

Figure 6 presents the thematic evolution of digitally
mediated PE scholarship across four periods. During
2015-2018, the field was mainly shaped by early digital
and instructional themes such as “physical education,”
“ICT, “digital technologies,” “blended learning model,
“motor activity, “cooperative learning” and “autonomous
motivation” In 2019-2021, the themes shifted toward “digital
technologies,” “blended learning,” “COVID-19,” “students,”
“college physical education,” “online adapted physical
education” and adapted “physical education,” reflecting the
strong influence of pandemic-related instructional changes.
By 2022-2023, the field became more technologically
diversified, with themes such as “artificial intelligence,”
“internet of things,” “health promotion,” “action recognition,”
“online education,” “teacher education” and “fully online
teaching” becoming more visible. In the most recent period,
2024-2025, the literature moved further toward “online
learning,” “artificial intelligence,” “ICT,” “pre-service teacher
training,” “academic self-efficacy,” “autonomous motivation,”
“virtual reality technology” and “digital technologies.” The
thematic evolution suggests that the field has progressed from
early ICT-based and blended learning applications toward
a broader digital learning-and-development ecosystem
shaped by Al online delivery, teacher preparation, learner
motivation, and immersive technologies.
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Fig. 6. Thematic Evolution of scholarship in mediated physical
education

Intellectual Structure of the Field

The bibliographic coupling map in Figure 7 shows
that the contemporary research front of digitally mediated
Physical Education is organized into four source clusters.
The red cluster represents technology- and computation-
oriented outlets, including Journal of Physics: Conference
Series, ACM International Conference Proceeding Series,
Applied Mathematics and Nonlinear Sciences, and related
sources. The green cluster reflects educational technology
and public-health-oriented research, with sources such
as Education and Information Technologies, Education
Sciences, Frontiers in Public Health, and Interactive Learning
Environments. The blue cluster represents the core Physical
Education and sport pedagogy literature, including Journal
of Teaching in Physical Education, Physical Education and
Sport Pedagogy, Sport, Education and Society, and European
Physical Education Review. The yellow cluster appears as
a smaller peripheral conference-based stream. The map
suggests that the field is shaped by the convergence of
computational innovation, educational technology, public
health, and PE pedagogy.
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Table 7. Bibliographic coupling clusters of sources

Cluster Theme

Sources (n)

Representative sources

1 Computational, AI, and Technology-Driven 15
Learning Systems in Physical Education

2 Digital Pedagogy, Online Learning, and 6
Health-Oriented Educational Development

3 Physical Education Pedagogy, Sport 5
Education, and Movement-Based Learning

ACM International Conference Proceeding Series; Applied
Mathematics and Nonlinear Sciences; Computer-aided
Design and Applications; Frontiers in Psychology

Education and Information Technologies; Education
Sciences; Frontiers in Public Health; Interactive Learning
Environment

E3S Web of Conferences; European Physical Education
Review; Journal of Teaching in Physical Education; Physical
Education and Sport Pedagogy

Note: A small peripheral cluster composed of two sources, Journal of Physical Education, Recreation and Dance and Proceedings — 2021
International Conference on Information Technology and Contemporary Sports, TCS 2021, was retained in the visualization but not
interpreted as a major cluster due to its limited size. This cluster may indicate a smaller practice-oriented stream linking applied Physical

Education, sport technology, and professional innovation.
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Fig. 7. Bibliographic coupling network in digitally mediated
physical education scholarship

Table 7 further clarifies the intellectual structure of the
field by showing that the publication front is organized into
three major thematic clusters and one small peripheral cluster.
Cluster 1 centers on computational, AI, and technology-
driven learning systems in PE, bringing together sources
linked to artificial intelligence, digital systems, and applied
technological innovation. Cluster 2 reflects digital pedagogy,
onlinelearning, and health-oriented educational development,
highlighting journals focused on educational technology,
online instruction, and broader health-related learning
contexts. Cluster 3 captures physical education pedagogy,
sport education, and movement-based learning, indicating
the continued importance of core PE and sport pedagogy
outlets in shaping the field. A small peripheral cluster was also
observed, suggesting a minor practice-oriented stream related
to applied PE, sport technology, and professional innovation.
These groupings show that the field is intellectually sustained
by the convergence of technological innovation, digital
pedagogy, and core Physical Education scholarship.

The co-citation analysis presented in Figure 8 further
clarifies the foundational knowledge base of digitally
mediated PE scholarship. Using a minimum threshold of
5 citations, the network formed 5 clusters, indicating that
the field draws from several related but distinct citation
traditions. The red cluster reflects PE pedagogy, assessment,
and online education foundations, represented by sources
such as Adapted Physical Activity Quarterly, American
Journal of Distance Education, Assessment and Evaluation in
Higher Education, and Australasian Journal of Educational

Technology. The green cluster represents medical, public
health,andsportsciencefoundations,includingBMCMedical
Education, BMC Public Health, BM], and British Journal of
Sports Medicine. The blue cluster captures computational and
analytics-oriented foundations, with sources such as Applied
Sciences, CEUR Workshop Proceedings, Complexity, and
Computational Intelligence and Neuroscience. The yellow
cluster highlights psychology, public health, and behavioral-
health perspectives, represented by Frontiers in Psychology,
Frontiers in Sports and Active Living, International
Journal of Behavioral Nutrition and Physical Activity, and
International Journal of Environmental Research and Public
Health. Finally, the purple cluster reflects core PE and sport
pedagogy foundations, including Acta Gymnica, Asia-
Pacific Journal of Health, Sport and Physical Education,
Curriculum Studies in Health and Physical Education, and
the books Digital Technologies and Learning in Physical
Education and Digital Technology in Physical Education.
The co-citation structure suggests that the field is grounded
in PE pedagogy, public health, educational technology, and

computational innovation.
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Fig. 8. Co-citation network in digitally mediated physical
education scholarship

Discussion

Digitally Mediated Physical Education Has Moved
Beyond Emergency Remote Teaching

The findings suggest that digitally mediated PE should
no longer be interpreted merely as an emergency response

663



ISSN 1993-7989. elSSN 1993-7997. ISSN-L 1993-7989. Physical Education Theory and Methodology. Vol. 26, Num. 4

to educational disruption. Although the pandemic clearly
accelerated online and remote PE scholarship, the field
now appears to be moving toward a more durable digital
learning ecosystem. This shift can be explained by the
changing pedagogical function of technology in PE. In
earlier applications, digital tools often served as instructional
supplements for demonstration, communication, content
delivery, or activity monitoring. Overtime, digital
mediation became more central to how PE teachers
organized participation, feedback, assessment, motivation,
and learner interaction, especially when conventional
face-to-face movement instruction was disrupted or
reconfigured. This transformation reflects a movement
from technology as delivery infrastructure to technology
as pedagogical mediation. Casey et al. (2017) argued that
digital technology in health and PE should be understood
through its relationship with pedagogy and learning rather
than as a neutral instructional add-on. This interpretation
is reinforced by Casey and Jones (2011), who showed that
digital technology can enhance student engagement in PE
when embedded within meaningful pedagogical design.
Similarly, Bodsworth and Goodyear (2017) demonstrated
that technology integration becomes educationally valuable
when it supports cooperative learning rather than merely
digitizing existing practices. Goodyear et al. (2023) further
emphasized that online physical activity interventions
have potential when designed around engagement,
participation, and pedagogical relevance rather than
platform use alone. Therefore, the present findings indicate
that digitally mediated PE has expanded because the field
increasingly recognizes that technology does not simply
transmit PE content; it reorganizes the conditions through
which movement learning, engagement, feedback, and
participation become possible.

Covid-19 Functioned as A Catalyst, Not
the Final Identity of the Field

The prominence of COVID-19-related terms should
be interpreted as a turning point in the field rather than as
evidence that digitally mediated PE is limited to pandemic
scholarship. The pandemic accelerated the field because it
exposed a central pedagogical tension in PE. Movement
learning has historically depended on physical co-presence,
direct observation, embodied demonstration, immediate
feedback, and social interaction, yet these conditions were
suddenly displaced into remote and digitally mediated
environments. This disruption forced PE scholars and
teachers to examine what could still be preserved,
adapted, or redesigned when the gymnasium, playing
area, and shared physical space were no longer the default
conditions for instruction. Jeong and So (2020)and three
were recommended teachers making efforts to improve the
online classes offered by the Korea Ministry of Education. A
qualitative case study method employing phenomenological
procedures to collect and analyze the data was used. The
difficulties of operating middle and high school online
physical education classes for the first time included (1
showed that online PE during school closures exposed
difficulties in participation, feasibility, and instructional
operation, making visible the pedagogical vulnerabilities of
remote movement-based learning. Varea et al. (2022)where

close proximity and physical contact is common, particularly
in Spain which has a high proximity culture. Significantly,
the delivery of PE has changed because of the Covid-19
pandemic, and this brings significant consequences for
preservice PE teachers. Purpose: The aim of the paper
is to explore the changes of PE during Covid-19 and the
effects on pre-service teachers. Methods: Semi-structured
interviews were used to produce data with a group of 12
preservice PE teachers from Spain (four women and eight
men similarly argued that the pandemic changed how PE
was experienced and delivered, particularly because PE is
traditionally embodied, social, and practice-based. Mercier
et al. (2021)362 further showed that PE teachers’ early
experiences with remote instruction revealed substantial
challenges in adaptation, communication, and instructional
redesign. O’Brien et al. (2020) extended this concern to
PETE, showing that the pandemic disrupted not only school
PE delivery but also the preparation of future PE teachers. In
this sense, COVID-19 became an epistemic catalyst because
it made the field confront what counts as meaningful PE
when embodiment, feedback, interaction, and participation
are mediated through digital systems. The pandemic did
not define the final identity of digitally mediated PE; rather,
it revealed the pedagogical problems that later research on
online learning, Al, virtual environments, and technology-
enhanced instruction attempted to address.

The Emerging Field Requires Stronger Alignment
Between Technology and Pedagogy

A major implication of the findings is that digitally
mediated PE must be guided by pedagogy rather than by
technological novelty. The thematic movement toward online
learning, Al-supported instruction, teacher education,
and digital platforms suggests that the field is evolving
because PE teachers and scholars are increasingly required
to translate movement-based learning into environments
where demonstration, feedback, assessment, and interaction
are no longer fully dependent on shared physical space. This
creates a pedagogical design problem rather than a purely
technical problem. Digital PE becomes meaningful only
when technology helps teachers sustain the educational
purposes of PE, including movement competence,
motivation, inclusion, reflective learning, and lifelong
physical activity orientation. Howley (2022) showed that
teaching and learning in K-12 PE during COVID-19 varied
across contexts, suggesting that digital delivery is shaped by
institutional conditions, teacher capacity, and pedagogical
interpretation. O’ Brien et al. (2022) further demonstrated
that pandemic-era PETE affected student teachers” practice
and well-being, reinforcing the need to treat digital PE as a
professional preparation issue rather than only a delivery
issue. Lee and Lee (2021)including education. Al can
also provide special support to learners through academic
sustainability or discontinuation predictions. While AI
research remains in its early stages, we must examine how
it evolves and exerts its potential over time. By utilizing Al
in physical education (PE positioned artificial intelligence
as a future-facing resource for PE, particularly in areas such
as learner evaluation, customized instruction, and feedback.
However, Zawacki-Richter et al. (2019)2019 cautioned in the
broader Al-in-education literature that AI applications often
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advance faster than educators’ pedagogical understanding
of how these systems should shape teaching and learning.
These works suggest that the epistemic direction of digitally
mediated PE should not be determined by the availability of
platforms, Al systems, or digital tools, but by their capacity
to support learning quality, feedback, motivation, inclusion,
and meaningful movement participation.

Immersive And Intelligent Technologies Are
Expanding the Boundaries of PE Learning

The increasing visibility of artificial intelligence, virtual
reality, mobile learning, and educational technology suggests
that digitally mediated PE is entering a more technologically
complex phase. This evolution can be explained by the search
for tools that can extend or partially compensate for what PE
traditionally provides through direct bodily presence. Terms/
themes such as demonstration, movement feedback, spatial
awareness, performance observation, peer interaction, and
adaptive instruction. Al, VR, wearable technologies, and
learning analytics become visible in the field because they
promise new ways of monitoring movement, personalizing
feedback, simulating activity environments, and supporting
learner engagement beyond conventional classroom or
gymnasium settings. Radianti et al. (2020) showed that
immersive virtual reality in higher education requires careful
attention to design elements, learning content, and theory,
which is highly relevant for PE because movement learning
depends on embodied, spatial, and experiential forms of
participation. Bacca et al. (2014) similarly highlighted the
educational potential of augmented reality, particularly
when immersive technologies are aligned with learning
tasks rather than treated as novelty tools. Bond et al. (2020)
showed that educational technology research is increasingly
tied to behavioral, affective, and cognitive engagement, which
provides a useful lens for interpreting digital PE as a learner-
development space. However, Goodyear et al. (2019) warned
that wearable technologies in health and PE can produce
surveillance, self-surveillance, and resistance, suggesting
that digitally mediated PE must also be ethically examined.
This concern becomes more urgent as Al, wearable devices,
learning analytics, and platform-based PE increasingly
involve bodily data, performance records, health indicators,
movement traces, and learner behavior. Thus, the future of
the field depends not only on whether Al, VR, and wearable
tools can enhance instruction, but also on whether they can
protect student safety, ensure data privacy, prevent harmful
surveillance, support autonomy and inclusion, and promote
healthy relationships with physical activity.

Future Research Should Foreground Learning and
Development Rather Than Technology Alone

Thestrongestcontributionofthisfieldliesinrepositioning
digitally mediated PE as a learning-and-development
environment rather than as a technology-adoption space.
The thematic evolution observed in the corpus suggests
that the field is gradually shifting from questions of access,
delivery, and platform use toward deeper concerns about
motivation, engagement, feedback, self-efficacy, teacher
preparation, embodied learning, and learner development.
PE cannot be evaluated only by whether technology enables

instruction to continue; it must also be examined according to
whether digitally mediated experiences support meaningful
movement participation, competence development, social
connection, and long-term physical activity orientation.
Lupton (2015) showed that digitized health and PE raise
important questions about how bodies, data, and schooling
are assembled through technology. Rich and Lupton (2022)
similarly argued that digital biopedagogies require attention
to how health, bodies, and learning are reorganized through
sociomaterial relations. Ryan and Deci (2020) emphasized
that motivation and well-being depend on conditions that
support autonomy, competence, and relatedness, which
is especially important when PE shifts into online, AI-
supported, or technology-enhanced environments. Ennis
(2017) argued that PE should educate students for lifelong
physical activity by strengthening motivation, meaning, and
mindful engagement. These perspectives suggest that future
research should move beyond measuring access, platform
use, or technological adoption and instead examine whether
digitally mediated PE supports movement competence, self-
efficacy, student engagement, physical activity behavior,
psychosocial development, data safety, and lifelong
participation. This learning-and-development agenda
is where digitally mediated PE can become more than a
technical adaptation; it can become a reimagined pedagogical
space for developing physically active, motivated, safe, and
self-regulating learners.

Conclusions

This study positions digitally mediated physical
education as an evolving pedagogical field rather than a
temporary instructional adjustment or a purely technology-
driven extension of traditional PE. Its value lies not simply
in documenting the expansion of online learning, open
distance learning, artificial intelligence, virtual reality,
blended instruction, and educational technologies, but in
showing that these developments collectively signal a deeper
reconfiguration of how movement, learning, engagement,
assessment, teacher preparation, and learner development
are being imagined in digital environments. The central
challenge moving forward is not whether technology will
continue to enter physical education, but whether it will
be used in ways that preserve the embodied, relational,
inclusive, and developmental purposes of the discipline.
Future scholarship must therefore move beyond describing
digital tools and begin asking stronger pedagogical questions
about how digitally mediated PE can cultivate motivation,
competence, self-efficacy, physical activity participation,
and lifelong movement orientation. In this sense, the future
of the field depends on maintaining a careful balance
between technological innovation and the human-centered
educational mission of PE.

Limitations

This study has several limitations that should be
considered when interpreting its findings. First, the analysis
was limited to Scopus-indexed documents; therefore,
relevant publications indexed exclusively in Web of Science,
ERIC, PubMed, Google Scholar, regional databases, or non-
indexed professional outlets may not have been captured.
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Second, although the search strategy was designed to
delimit a PE-centered corpus, the interdisciplinary nature
of digitally mediated PE means that some adjacent studies
from educational technology, sport science, public health,
computer science, or computational learning fields may have
entered the dataset. Third, the inclusion of conference papers
and non-core PE sources may have shaped some bibliometric
patterns, particularly in relation to source productivity,
keyword prominence, bibliographic coupling, and co-citation
structures. Although these sources were retained because
digitally mediated PE is partly shaped by technological,
computational, and health-oriented scholarship, they may
have increased the visibility of artificial intelligence, digital
systems, educational technology, and applied computational
themes relative to more traditional PE pedagogy themes.
Fourth, bibliometric indicators such as citation counts,
keyword frequency, co-occurrence, bibliographic coupling,
and co-citation provide structural evidence of scholarly
patterns, but they do not replace full-text critical appraisal
of methodological quality, theoretical depth, pedagogical
effectiveness, or learner-development outcomes. Finally,
recent publications, particularly those from 2024 and 2025,
may be underrepresented in citation-based influence because
they have had limited time to accumulate citations.

Future Research Directions

Future research should move beyond documenting the
presence of digital technologies in Physical Education and
examine how these technologies actually shape learning
quality, movement competence, motivation, self-efficacy,
engagement, assessment, and long-term physical activity
participation. Greater attention is needed to the pedagogical
and ethical use of artificial intelligence, virtual reality,
wearable technologies, learning analytics, and personalized
feedback systems, particularly in relation to inclusion,
data privacy, student autonomy, and embodied learning.
Future studies may also compare digitally mediated PE
across educational levels, cultural contexts, and resource
conditions to determine how digital access, teacher
readiness, institutional support, and curriculum design
influence learner development. More empirical and theory-
driven research is also needed to clarify whether online,
blended, hybrid, and Al-supported PE can support not only
instructional continuity, but also meaningful, inclusive, and
developmentally responsive movement education.
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Mera. [HTerpanis ¢isudHOro BUXOBaHHA 3 IU(POBMM HABYAHHSM, IITYIHNM IHTENTEKTOM i THydKuMy GopMaTamu op-
raHisauii OCBITHbOTO IIPOIIECY aKTyaji3ye MUTAHHA 30epe>KeHH: NefarorivHol IiHHOCTI PyXOBOrO HaBYaHHA B TEXHO/IOTIYHO
OIIOCepeIKOBAHOMY OCBITHBOMY cepepoBuiii. MeToro mocmimkeHHs 6y10 KaprorpadyBaHHsS CBITOBOr0 HayKOBOTO HOPOOKY 3
npobmeMaTuky HUPPOBO-0IOCEPEAKOBAHOTO (Pi3NIHOrO0 BUXOBAHH:A 3a 2015-2025 poKM 3 aKIEHTOM Ha OHJIAIH-, BITKPUTOMY
JIVICTaHLIIHOMY Ta TEXHOJIOTIYHO IiTPYMyBaHOMY HaBYaHHI.

Marepianu ta MeTopu. JJOCmi)keHHs BUKOHAHO 3 BUKOPUCTAHHAM 0i6/1ioMeTpUYHOrO AM3aliHy Ta aHAJIi3y TeMaTUYHOI
esommonil. [TpoananizoBano 1358 [OKyMeHTIB, iHJeKCOBAaHMX y Scopus, i3 3aCTOCYBaHHsM IporpaMHux makeriB Bibliometrix/
Biblioshiny Ta VOSviewer.

PesynbraTu. Pesynbratyt 3acBigummm CTPIMKMIT pO3BUTOK MDKAVCLIUIDTIHAPHOTO HANIPAMY HOCTIIKeHb, 0 GopMyeTbcA Ha
HepeTHH] Iefaroriky, OCBiTHIX TeXHOJIOTIi, IITYYHOrO iHTEe/NIeKTY, IPOMajICbKOTO 3/0POB’sl Ta KOMIT JOTEPHMX CUCTeM HaBuaHH:A. Ha
KOHIIeNTYyaIbHOMY PiBHi HayKOBMIT JOPOOOK OYB 30cepepKeHIiT HABKOJIO TaKMX TeM, AK ITy4Huit intenekt, COVID-19, onnariH-Ha-
BYaHHS, BUIIJA OCBiTa, 3MilllaHe HABYAaHH:, IVICTaHIIiliHe HABYAHH:, BipTya/lbHa PEaIbHICTD, Q)isqua AKTUBHICTB, un(prBi TEXHOJIO-
rii Ta OCBiTHI TexHOIOri. AHai3 6i6/miorpadiyHOro 38’A3KYy Ta CIIiBLIUTYBAHHA II0KA3aB, 110 Lieil HAYKOBIUIT HAIIPAM CIIMPAETHCA AK Ha
yCTaseHi efarorivxi Tpaaunii, Tak i Ha HOBI TexHOJIOri4Hi 6a3y 3HaHb. AHAJI3 TeMATIIHOI €BOJIOLI BUSBUB IIepexif; Bifi paHHBOTO
BUKOPYCTAHHA iHPOPMAIiTHO-KOMYHIKAII/IHIX TeXHOJOTII i 3MilllaHOrO HAaBYAaHHA [0 OHJIAVH-(QI3NYHOr0 BMXOBAHH:I, 3yMOBJIE-
Horo nanpiemiero COVID-19, a B nofanbmoMy — 1o 1QPOBKX IEJATOTIYHNMX MiIXOAIB, 3aCHOBAHMX HA BYKOPUCTAHHI [ITYYHOTrO
IHTETIEKTY, iMEpCUBHMX TEXHOJIOTII, Opi€HTAallil HA JiANBbHICTD YIUTENA T CTYJEHTOLIEHTPOBAHOMY HaBYaHHI.

BucnoBxu. [Indposo-onocepenxosane ¢isndHe BUXOBaHHA BUSHAYEHO AK HAIIPAM PO3BUTKY TeOpil Ta IPaKTUKY HaBUYaHHA,
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Abstract

Background. Preserving athletes’ mental well-being and social functioning under conditions of intensified training
demands has become a critical challenge in contemporary elite sport. Annual training loads at the highest levels

of performance may reach 1,500 hours, increasing vulnerability to burnout, social isolation, and identity-related
difficulties. In response to the global transformation of elite sport in the 2020s, there is a growing need for integrated
athlete support systems grounded in established theoretical frameworks of long-term athlete preparation.
Objectives. To develop a theoretically grounded structural-functional model of social support for athletes based on
V. Platonov’s long-term athlete preparation framework using bibliometric and network analysis.

Materials and Methods. Bibliometric metadata were retrieved from the Scopus database, yielding 550 scientific
publications published between 1981 and March 2026. Science mapping was conducted using VOSviewer (version
1.6.20), applying keyword co-occurrence analysis and Louvain clustering. Following screening and normalization
procedures, 134 keywords meeting the inclusion threshold (n > 5) were included in the network analysis. Cluster
structures were subsequently interpreted in relation to V. Platonov’s eight-stage model of long-term athlete preparation.
Results. The analysis identified eight thematic clusters reflecting the major domains of athlete social support across
the athletic life course. The network structure indicated a progression from early-stage family- and school-based
support toward institutional support mechanisms associated with dual career development, mental health, health
maintenance, and career transition. The integrated athlete domain demonstrated the highest network centrality
(TLS = 1146), highlighting the central conceptual role of athlete-centered support within the identified knowledge
structure. Recent publication trends suggest increasing scholarly attention to athlete well-being, dual career pathways,
and mental health as key priorities in contemporary sport science.

Conclusions. The proposed structural-functional model provides a conceptual framework for integrating
psychosocial support into long-term athlete preparation systems. The findings suggest that social support should be
considered a strategically important structural component of athlete development, with potential implications for
burnout prevention, career sustainability, and post-sport reintegration. The model may serve as a practical reference
for sport organizations and higher education institutions in designing stage-specific athlete support strategies.
Keywords: social support, athlete development, dual career, athletic identity, career transition, bibliometric analysis,
structural-functional model.

Introduction systems. Contemporary training is characterized by extreme
intensification, with annual training loads at the highest
levels of performance reaching 1,400-1,500 hours (Platonov,
2006). Professor Volodymyr Platonov’s contributions to this

The global transformation of elite sport in the 2020s
necessitates a substantial modernization of athlete support

© Pryimak, M., Radchenko , L., Tomashevskyy, V., field are foundational, as the long-term periodization system

Timasheva, O., & Syvash, L., 2026. he developed provides methodological coherence for athlete

C PETM preparation while accounting for the objective patterns of
@/ LLCOVS
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psychophysiological adaptation to training loads (Platonov,
2021; Platonov, 2013; Lyakh et al., 2014).

However, the relevance of this study is further reinforced
by the fact that athletic success today depends not only on
physical condition, but also on the quality of social support,
which serves as a buffer against stress and burnout (Luo et
al., 2025; Saeed et al., 2025; Yiyi et al., 2025). The need to
develop a model of social support integrated across the stages
of long-term athletic development, as conceptualized by
Volodymyr Platonov, arises from the necessity to overcome
fragmentation in support provision and to preserve athletes’
personal capital (Bulatova et al., 2025). Contemporary
sport requires a paradigmatic shift from reactive assistance
to proactive support for the athlete as a whole person
throughout the entire life course (Pryimak, 2025a).

Between 1981 and 2026, the scientific discourse evolved
from the fragmented examination of the “retirement crisis”
to the development of holistic models of the athlete life
course. A significant contribution to understanding this
evolution was made by Khudolii and Ivashchenko (2026),
who, through a bibliometric analysis of PETM, identified
a sustained trend toward thematic diversification in sport
science. Their findings documented a rapid increase in the
prominence of research focused on health, inclusion, and
functional outcomes, indicating that the scientific discourse
has expanded beyond purely methodological and training-
related dimensions (Khudolii & Ivashchenko, 2026).

A central position in contemporary conceptual
frameworks is occupied by the Holistic Athletic Career
(HAC) model proposed by Paul Wylleman (2019). This
model postulates that athlete development unfolds
simultaneously across sporting, psychological, academic,
and financial domains, with deficits in any one domain
inevitably constraining progress in the others (Wylleman,
2018, 2020). In contrast, Stambulova and Schinke (2025)
conceptualize transition as a prolonged process of developing
athletic retirement literacy, in which the cultivation of
adaptive competencies during the peak of an athlete’s career
is considered essential (Stambulova & Schinke, 2025).
Meanwhile, Kristoffer Henriksen et al. (2024) shift the
focus toward the transition environment (TE), emphasizing
that successful adaptation depends on the coordination of
micro- and macro-level systems surrounding the athlete
(Stambulova & Henriksen, 2025).

Statistical evidence supporting the mediating role of
social support was provided by Luo et al. (2025), whose
meta-analysis of 14,462 athletes identified a consistent
negative association with depression (r = —0.27) and anxiety
(r = —=0.22). These findings align with the conclusions of
Barbara Nuetzel (2023, 2025) and Eadie E. Simons and
Matthew Bird (2022), who identified elite youth athletes as a
particularly high-risk group under conditions of intensified
training demands. In the Ukrainian context, Mariia Bulatova
et al. (2025) found that 87.3% of specialists consider social
support a strategic priority, while also identifying a systemic
imbalance between the demands of sport and education as
the principal barrier (Bulatovaetal., 2025). These conclusions
are further developed in the work of Mariia Pryimak (2025b,
2025c¢, 2025d), which substantiates a stage-specific approach
to adaptation: at the early stages of Platonov’s framework,
family “emotional approval” plays a decisive role, whereas
at the highest levels of performance, stress management and

financial literacy become critical (Pryimak, 2024e; Pryimak,
2025f). In her most recent studies, the author proposes a
holistic career management strategy as a mechanism for
overcoming identity crises (Pryimak, 2025g).

Additional dimensions of resilience were explored by
Chrétien et al. (2024), who identified a direct relationship
between athlete resilience and the quality of the coach-
athlete dyad, with trust emerging as a key determinant of
well-being. A sociocultural perspective is added by the work
of Yoon Jin Kim and Marcelle C. Dawson, who, through the
lens of Goffman’s stigma theory, examine the formation of
coaching identity among former athletes (Kim & Dawson,
2022). Jane Thornton et al. (2023) and McClaskey et al.
(2025) provide a detailed analysis of gender-specific factors,
demonstrating that elite female athletes require more flexible
institutional support systems. Pedagogical mechanisms
for the development of social skills through game-based
models, particularly Teaching Games for Understanding
(TGfU), were examined by Uray Gustian et al. (2025),
Valero-Valenzuela et al. (2020), and José L. Arias-Estero et
al. (2020), highlighting their role in early socialization.

Important aspects of the dual career framework are
highlighted in the works of Capranica et al. (2022), Linnér
et al. (2026), and Di Rocco (2025), who demonstrate that
institutional support within universities constitutes a
fundamental mechanism for preventing premature career
termination. This perspective is further complemented by
the research of De Brandt et al. (2018), which examines the
competencies required to successfully combine education
with elite sport. The issue of mental health as a critical
resource for athletic success is also addressed in the work of
Ponomaryov et al. (2024).

Despite the substantial body of research and the
foundational significance of V. Platonov’s long-term athlete
preparation system (2021), the scientific literature still lacks
an integrated model that directly aligns specific types of
support with the structural components of his framework.
Most existing studies focus on a single critical transition
point, without accounting for the dynamic transformation
of athletes’ needs across the entire life course.

The aim of this study is to develop and theoretically
substantiate a structural and functional model of social
support for athletes based on V. Platonov’s contemporary
system of long-term training periodization.

Research hypothesis. We hypothesize that the structure
of athlete social support transforms synchronously with
the evolution of training objectives within V. Platonov’s
framework, shifting from the dominance of emotional
support at the micro level during the early stages to the
predominance of institutional support at the macro level at
the highest levels of performance.

Scientific novelty. For the first time, a structural-
functional model comprising eight thematic clusters has
been theoretically substantiated through bibliometric
modeling of a co-occurrence network of 134 terms, with
these clusters dynamically aligned with V. Platonov’s eight-
stage system of long-term athlete preparation.

Practical significance. The findings of this study may
be used by sport organizations and higher education
institutions to develop social support roadmaps, thereby
contributing to the minimization of burnout risks and the
successful professional reintegration of athletes.
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Materials and Methods

Study Design

This study was conducted within a quantitative
bibliometric research design employing the science
mapping approach, integrated into a systems analysis of
the athlete life course. This design enables the synthesis of
large-scale bibliometric metadata to identify conceptual
relationships and thematic patterns in the evolution of
scientific perspectives on social support in sport. The
methodological framework is grounded in approaches to
constructing intellectual knowledge structures, as validated
in contemporary scientometric research in the fields of
physical education and sport science.

Data Source and Search Strategy

The empirical foundation of this study consisted of
bibliographic metadata retrieved from the international
scientometric database Scopus. The search was conducted
in March 2026 using the advanced query functionality to
ensure precision in sample selection. The search strategy
was based on the application of Boolean operators and the
proximity operator (W/3):

TITLE-ABS-KEY ((social W/3 (adapt* OR adjust* OR
integrat* OR support OR identity OR personal*)) AND
(athlet* OR sport*) AND (career OR lifecycle OR transition*
OR retire* OR “dual career” OR “long-term athlete
development” OR “periodization” OR “career longevity” OR
“sports training” OR “life course”))

The chronological scope of the search covered the period
from 1981 to March 2026. An additional data-cleaning step
involved the application of an affiliation-based exclusion
filter: AND (EXCLUDE (AFFILCOUNTRY, “russian
federation”)). The final dataset comprised 550 source records.

Eligibility Criteria and Screening

The selection of scientific publications was conducted
in accordance with the PRISMA 2020 guidelines (Preferred
Reporting Items for Systematic Reviews and Meta-
Analyses), ensuring transparency and reproducibility of the
results. At the initial stage, a preliminary screening of titles
and abstracts was performed to assess thematic relevance.
The inclusion criterion for the network analysis was a
minimum keyword occurrence frequency of n > 5, which
allowed for the reduction of terminological noise. At the
second stage, author name normalization and affiliation
standardization procedures were applied. The final dataset
used for constructing the co-occurrence maps comprised
134 nodes.

Bibliometric Mapping and Statistical Analysis

Statistical processing and network visualization were
performed using VOSviewer software (version 1.6.20). The
Louvain community detection algorithm was employed to
identify thematic communities. The resolution parameter
was calibrated to improve the interpretability of cluster
structures in relation to the selected theoretical framework.
The analytical procedure included:

Local optimization of modularity to maximize the
density of internal connections within clusters.

Generation of eight differentiated thematic clusters
reflecting the structure of social support across different
stages of the athletic career.

Data Synthesis and Conceptual Modeling

The results of the bibliometric mapping were subjected
to qualitative interpretation and systematically mapped
onto V. Platonov’s classical model of long-term athlete
preparation (Platonov, 2021). This approach made it possible
to align the dynamics of athletes” social support needs with
the pedagogical objectives of each of the eight stages of
the training process, ranging from Initial Preparation to
Retirement from Elite Sport.

Analysis Metrics

The primary quantitative indicators included:

Occurrence frequency (Occurrences): the number of
documents in which a given term appears.

Total Link Strength (TLS): the cumulative intensity of
interactions between a specific node and all other elements
within the network.

Study Limitations

The findings of this study are limited by the scope and
depth of source indexing within the Scopus database. Given
the time-lag effect in database indexing, data from the most
recent period (2025-2026) may not be fully comprehensive;
however, they remain indicative of the most current
directions in the development of sport science.

Results

The results of the retrospective analysis made it possible
to visualize the trajectory of scientific interest in athlete
social support over the past 45 years (Figure 1). Quantitative
indicators of publication activity provide objective evidence
of a paradigmatic shift in sport science, whereby the
transition from isolated theoretical inquiries to a substantial
body of empirical research reflects the global demand for the
humanization of athlete development systems.

The graphical analysis demonstrates a consistently
low level of publication activity until 2010, followed by a
sharp intensification of research on social support. The
exponential growth observed in 2024-2025, with a peak of
90 publications per year, suggests that social support has
become an increasingly prominent topic in contemporary
athlete development research, while athletes’ mental well-
being has gained growing scholarly attention in the post-
pandemic context.

To identify the conceptual core of the system, the
weight and influence of the central concepts were assessed.
The indicator (n = 134) represents the total number of
unique terms comprising the conceptual lexicon of the
model. Particular attention should be given to the close
terminological relationship between the nodes “athlete”
and “athletes” From a scientometric perspective, these
terms function as conceptual twins that, through data
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normalization, effectively form a unified mega-node. The
combined occurrence frequency of this dyad reached
160, while the integrated Total Link Strength attained an
exceptionally high value (TLS = 1146). This finding positions
the human factor as the central organizing element of the
network, around which all psychosocial variables presented
in Table 1 are structured.

Table 1. Analysis of the Weight and Influence of Central
Network Nodes (n = 134)

Keyword Cluster Occurrences S t;l::;tllf 2'1;‘11(4 s)
athlete + athletes 2 160 1146
athletic identity 2 38 85
career 8 53 424
mental health 5 52 361
social support 6 23 198
burnout 5 18 65
anxiety 5 26 213
depression 5 34 252

To provide a more detailed representation of the
intellectual structure of social support, all 134 keywords
were distributed across eight functional domains, which,
following optimization of the resolution parameter
(Resolution = 1.35), demonstrated clear alignment with the
eight stages of V. Platonov’s athlete preparation system. This
classification made it possible to identify latent patterns of
social interaction at each stage of the athletic career.

Table 2 presents the substantive composition of these
clusters, with each element filtered according to a significance
threshold of n > 5, ensuring the robustness of the identified
knowledge communities and their correspondence to
the stages of long-term athlete preparation — from initial
socialization (C1) to successful reintegration following
retirement from sport (C8).

The modeling process revealed a clearly defined
hierarchical architecture of athlete social support. The
findings indicate that the microsystems of family and school

Table 2. Detailed Composition of Thematic Clusters in Athlete Social Support (n = 134)

Stage Accordingto V.  Cluster Number
Keywords (Items
Platonov No.  of Items thd ( )

L. Initial Preparation 1 22 Academic achievement, adolescence, adolescent behavior, child parent relation,
education, educational status, family, friend, mother, parents, peer group, school, social
interaction, social status.

II. Preliminary Basic 2 20  Athlete, athletes, athletic identity, coaching, coaches, identity, interpersonal

Preparation communication, leadership, mentoring, social behavior, social environment, social
identification, sport.

I11. Specialized Basic 3 18  Adaptation, psychological adaptation, adaptive behavior, age factors, competition,

Preparation competitive behavior, cultural transition, interpersonal relations, leisure activities, social
capital, sports.

IV. Preparation for Peak 4 16  Athletic performance, elite athlete, elite sport, achievement, motivation, performance,

Performance self-concept, self-esteem, team sport, training, return to sport.

V. Maximum Realization of 5 15  Anxiety, burnout, depression, emotional stress, mental health, psychological resilience,

Individual Potential resilience, stress, psychological stress, coping, coping behavior.

VI. Maintenance of Peak 6 16  Dual career, student-athlete, university student, college student, universities, learning,

Sporting Performance career choice, career development, physical education, skill, awareness.

VII. Gradual Performance 7 14  Health status, health promotion, lifestyle, life style, quality of life, self-care, self-efficacy,

Decline athletic injuries, sport injury, psychological care, wellbeing.

VIII. Retirement from Elite 8 13 Career, career transition, athletic retirement, retirement, transition, transitions, life

Sport

satisfaction, life event, loneliness, social adaptation, social reintegration.
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(Cluster 1) establish the foundational basis
for adaptation during the Initial Preparation
stage. As athletic expertise develops, the focus
progressively shifts toward institutional dual
career structures (Cluster 6) and mechanisms
for managing psychophysiological reserves
(Cluster 5).

Of particular importance is the
identification of Cluster 7 (Health and
Rehabilitation) and Cluster 8 (Career
Transition), which supports the hypothesis
that social support evolves from emotional
affirmation at the beginning of the athletic
pathway to professional reintegration at
the conclusion of the sporting career. The
presence of a strong mental health and
resilience core (Clusters 5 and 7) supports the
conceptual interpretation of social support
as an important protective resource within
athlete development systems under conditions
of intensive training demands.

This structure provides the empirical
foundation for the development of an integrated
support model presented in Table 3.

The most significant outcome of this
study is the mapping of eight thematic clusters
onto Volodymyr Platonov’s foundational
eight-stage athlete preparation system. This
transforms a static term map into a dynamic
roadmap for athlete support. Within this
model, social support is conceptualized as
an evolving resource whose nature changes
in response to increasing training loads
and psychological pressures at each stage of
professional development.

The proposed structural-functional model
(Table 3) demonstrates that V. Platonov’s
framework may be meaningfully complemented
by a social support dimension to strengthen
athlete development pathways. Based on the
conceptual mapping of network domains, the
stages of peak performance appear to represent
periods of heightened psychosocial vulnerability
requiring intensified support mechanisms.

The findings further indicate that
insufficient institutional support during the
final stages (VI-VIII) may contribute to
identity-related disruptions and transition
crises. To address these challenges, the model
incorporates athletic retirement literacy
(ARL) programs and specialized Career
Assistance Programs (CAP). Taken together,
these results suggest that social support should
be understood not as an auxiliary element, but
as a structural component of contemporary
athlete preparation systems that contributes
to the preservation of human capital in sport.

Discussion

The findings of the bibliometric analysis
suggest that, over the past 45 years, sport
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Fig. 2. Overlay visualization of the keyword co-occurrence
network by average publication year

science has undergone a complex transformation from
narrowly focused investigations of the “career termination
crisis” (1980s-1990s) toward the development of integrated,
holistic models of the athlete life course (2020-2026) (Luo
et al., 2025; Stambulova & Schinke, 2025). The exponential
growth in publication activity identified from 2015 onward
reflects a broader global trend toward the humanization of
sport, in which athlete well-being is increasingly recognized
as an essential condition for sustainable professional
performance.

The analysis of the chronological evolution of scientific
interest (2014-2022) demonstrates a clear shift in research
priorities (Figure 2). While the earlier terminological base
(represented in dark blue) was primarily concentrated on
general aspects of physical activity and adaptation, the
most recent thematic vectors (yellow-green spectrum) are
centered on concepts such as well-being, dual career, mental
health, and university student.

This provides visual confirmation of the paradigm shift
from the biologization of sport toward holistic support for
the athlete as a whole person across all stages of the life
course. This fully aligns with the conclusions of Khudolii and
Ivashchenko (2026) regarding the thematic diversification
of sport science toward inclusion, health, and functional
psychological outcomes.

Our findings suggest that social support should no
longer be viewed merely as an auxiliary resource, but rather
as a strategically important component of contemporary
athlete development systems. Analysis of the central
network elements (n = 134) indicated that the integrated
athlete domain (TLS = 1146) occupies a central conceptual
position within the identified psychosocial knowledge

structure, reflecting a shift in priorities from “performance
at any cost” toward the preservation of human capital in elite
sport (Pryimak, 2025a).

The distribution of the terminological base across
eight thematic clusters enabled the identification of specific
support vectors that have previously been addressed only
fragmentarily in the literature:

1. Foundational Block (Clusters 1-3): Cluster 1
(Socialization) clearly delineates the foundation of
socialization, in which parental support serves as the
principal factor in athlete retention during the early stages.
In contrast to Wylleman (2019), our findings emphasize
that during Stages I-II of Platonov’s framework, support
functions as an “emotional shield” protecting the child from
premature specialization (Wylleman, 2019; Lee et al., 2018).
Cluster 2 (Foundational Development) demonstrates the
critical role of the coach. However, the elevated TLS value
for the term athletic identity (85) (see Table 1) indicates the
risk of identity foreclosure, which, according to Kim and
Dawson (2022), may become a barrier to successful post-
sport adaptation.

2. Psychological Safety Core (Clusters 4, 5, and 7): A
central contribution of our model is the network-based
identification of these clusters as a core safety-related
domain within the conceptual framework. The concept of
social support emerges as a central psychosocial construct
within the broader literature on training-related stress and
athlete mental well-being. The meta-analysis by Luo et al.
(2025) (n = 14,462) demonstrates that, for elite athletes at
the Maximum Realization stage (Stages IV-V in Platonov’s
framework), support from close relationships exerts a
stronger protective effect (r = —0.27) than team cohesion.
Previous evidence suggests that the absence of such support
networks may increase vulnerability to burnout, whose TLS
value (65) indicates its notable prevalence among young
athletes. Our interpretation aligns with previous evidence
suggesting an association between social support and athlete
engagement (Ye & Liu, 2016).

3. Institutional and Applied Context (Clusters 6 and 8):
These findings gain particular significance when compared
with applied research conducted in Ukraine. Survey data
from 150 specialists (2025) revealed a paradox: 87.3% of
respondents recognize social adaptation as critical, yet
actual funding and athlete awareness remain low (Bulatova
et al.,, 2025). The principal challenges in Ukraine include
the sport-education imbalance (54.5%) and psychological
overload (40.0%), which directly correspond to the clusters
identified in our analysis — Cluster 6 (Dual Career) and
Cluster 5 (Mental Health). Unlike European standards,
Ukrainian practice often remains fragmented and ad hoc (Di
Rocco et al., 2025), underscoring the need for a transition
toward an institutionalized support model as early as Stages
VI-VII in Platonov’s framework.

Analysis of recent years (2024-2026) indicates the
growing role of digital support. The use of mobile applications
for monitoring athletes’ condition is emerging as a new tool
that ensures continuity of support during injury recovery
or remote training camps (Gertz et al., 2026). In addition,
the effectiveness of the model depends on mental health
literacy. A limited ability to identify one’s own psychosocial
needs during the Preparation for Peak Performance stage
(Stage IV) may be associated with increased vulnerability to
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anxiety, as reflected in the relatively high Total Link Strength
value observed for the term anxiety (TLS = 213).

The most relevant contemporary vector is Cluster 8
(Transition). Our model proposes a reconceptualization
of Stage VIII in Platonov’s framework - from a period of
“decline” to a phase of active social reconstruction. The
concept of athletic retirement literacy (ARL) becomes
central in this context (Stambulova & Schinke, 2025). Gender
differences also warrant particular attention (Thornton et
al., 2024). Female athletes demonstrate distinct trajectories
of maladaptation: the high prevalence of reproductive
health challenges (19%) and the risk of early osteoarthritis
necessitate the inclusion of medico-social modules within
the overall model. Women also exhibit higher levels of
anxiety (RR = 1.42) (McCluskey et al., 2025).

Thus, the application of Resolution = 1.35 enabled the
development of a dynamic social support roadmap, in which
each of the eight stages of V. Platonov’s athlete preparation
framework corresponds to a specific mechanism of social
protection aimed at preserving human capital in elite sport.

Conclusions

The developed structural-functional model of athlete
social support constitutes an integrated scientific and
methodological framework grounded in the objective
findings of bibliometric analysis and embedded within
V. Platonov’s foundational system of long-term athlete
preparation periodization. The present study suggests that
the nature of psychosocial support undergoes a systematic
and nonlinear transformation in parallel with the evolution
of training objectives. The transition from the emotional
microenvironment of the family during the early stages to
the institutional macro-level of higher education institutions
and specialized career assistance programs at the highest
stages of athletic performance emerges as a critical condition
for preserving the athlete’s personal capital.

The structural-functional model supports the strategic
significance of social support as an important component
of athlete development systems, with potential relevance for
addressing risks related to depressive symptoms, anxiety, and
emotional exhaustion. This allows for a reconceptualization
of social resources — not as merely auxiliary factors, but as an
integral structural component of athletic performance and
professional longevity.

The particular scientific value of the proposed model
lies in its capacity to provide mechanisms for the proactive
reconstruction of athlete identity prior to career termination.
The development of athletic retirement literacy and the
implementation of individualized social support roadmaps
within higher education institutions and sport organizations
offer a means of overcoming the fragmentation of existing
support systems. Such an approach may facilitate the social
reintegration of athletes into society and support smoother
career transitions.
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CTpyKTYpHO-PYHKLiOHanbHa mopenb colianbHOI
NiATPVIMKM aT/IeTiB Ha eTanax 6araTopiyHoOI NiAroTtoBKM:
6i6niomeTpnuHNIn Ta mepexxeBuin aHanis (1981-2026)

Mapis puitmax*A8PE, JTigia Paguyenko'4*“PE, Bomopumup TomameBcpkuii'®PE,

Onena TimameBa?®’%, Ipuna CuBamr'®P®

'HanjionanbHuit yHiBepcuTeT Gi3sMYHOrO BUXOBAHHA i CIIOpTY YKpaiun
*KuiBcbkuit cTommuHmii yHiBepcnteT iMeni bopuca [pinyenka

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

Pedepar. Crarrs: 10 c., 3 TabL., 2 puc., 39 mxeper.

Bceryn. 36epeskeHHA MEHTa/IbHOIO O/IaroNoNMydds Ta COLiabHOrO (YHKIIOHYBaHHA aT/IeTiB B yMOBaxX iHTeHCM(IKOBaHUX
TPEHYBA/IbHMX HABAHTAKEHDb € AKTya/IbHUM BUKIMKOM Cy4aCHOTO CHOPTY BULIMX JIOCATHeHb. Ha eTamax HaliBUILOi CHOPTUBHOL
MalfCTePHOCTI piYHuUIt 06CAT TpeHyBalIbHOI po60TI MOXKe csaratu 1500 rofyH, 10 MiIBUIIYE BPas/IuBIiCTh 4O BUTOPAHHS, COLi-
aJIbHOI {30711 Ta TPYAHOLLIB, OB I3aHNUX i3 CIOPTUBHOIO ineHTHYHIiCTIO. [IT06ambHa TpaHC)OpPMALLis CIIOPTY BUIIMUX HOCATHEHD
y 2020-x pokax aKTyasidye HoTpe0y B iHTerpOBaHMUX CUCTEMaX COLIA/IbHOTO CYIIPOBO/Y, 3aCHOBAHNX Ha TEOPETUYHO OOIPYHTO-
BaHMX MOJIe/ISIX 0AraTOPiYHOI MiIrOTOBKMU CIIOPTCMEHIB.

Merta pocnimkeHHs. TeopeTyHO OOIPYHTYBATH CTPYKTYPHO-(PYHKIIOHA/IbHY MOfIe/Ib COILlia/IbHOI MIATPUMKM aT/leTiB Ha
OCHOBI cuctemMy 6araTopiuHoOI mifroToBKM crioprcMeHis B. [T1aToHOBa MIsixoM 6i6/1i0MeTPMYHOTO Ta MEPEKEBOTO aHAI3Y.

Marepianu i MeTogu. EMIipudHy 0CHOBY JOCTIIKeHHsI CTAaHOBWIN 6167Ti0Me TPIYHI MeTa/jaHi, OTPUMaHi 3 HAYyKOMETPUIHOI
6a3nu Scopus. [lo ananmisy BKmoueHo 550 HayKoBMX ITyOriKaliif, omry6mikoBaHux y mepioy 3 1981 poky mo 6epeseHb 2026 poky.
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bibmiomerpuyte KapTorpadyBaHHs 3/1iICHIOBAIOCS i3 3aCTOCYBaHHAM IporpamMHoro 3abesmnedeHus VOSviewer (Bepcis 1.6.20) 3
BMKOPMCTAaHHAM aHa/i3y CIiB3yCTpiua/bHOCTI K/II0YOBUX CJIiB Ta aITOpUTMY Knactepusatii Jlysena. Ilicia npouenyp ckpuHiHTy,
HOpMaJIi3anii Ta 3aCTOCyBaHHA KPUTepilo BKIIOYEHH (N = 5) 10 Mepe>keBOro aHajIi3y BK/IodeHo 134 kmro4oBi croBa. OTpumani
K/IaCTepPHi CTPYKTYpPM IHTEPIIPETOBAHO Y CIIiBBiJHECEHH] 3 BOCbMIETAITHOIO CHCTEMOI0 6araTopiuHoOI MiATOTOBKM CIIOPTCMEHIB B.
[InaTonosa.

Pesynbratu. ¥ pesynbrari aHasisy ifeHTH¢ikoBaHO BiciM TeMaTHYHMX KJIACTepiB, IO BiOOpa)kaoTh K/IIOYOBi JOMEHH CO-
11ia/IbHOI MiITPUMKM aT/IeTiB YIIPONOBK CIIOPTUBHOIO JKUTTEBOrO IUIAXY. CTPYKTypa MepexKi BKasye Ha OCTYIIOBMI Iepexif Bif
ciMeliHO- Ta IKi/IbHO-OpieHTOBaHMX (HOPM HIATPMMKY Ha PAaHHIX eTanax 0 iHCTUTYIIIHMX MeXaHi3MiB MATPUMKY, II0B’ A3aHUX
i3 Aya/npHOIO Kap €pPOI0, MEHTAILHIM 3[0POB’sIM, 30€pe>KeHHSIM 3[0POB’s1 Ta Kap €EpHMUM IepexofoM. HaliBuiy 1eHTpanpHiCTh y
Mepexi IpofeMOHCTpYBaB iHTerpoBanuit fomeH athlete (TLS = 1146), 1m0 mifgKpeci0e LeHTPaIbHy KOHIEITYaTbHY POJIb AT/IETO-
LIEHTPUYHOTO IiXORY B ijeHTH(IKOBaHil CTPYKTYpi 3HaHb. AHAJII3 MyO/iKaLiHOI AMHAMIKYM TAKOX 3aCBIAYMB 3pOCTAHHS Hay-
KOBOI yBaru o Ipo6jieM MeHTaIbHOTO O/1arOO/TyYus, yaIbHOI Kap €py Ta COLlia/IbHOI MiITPUMKI Y Cy4acHil CIIOPTUBHI Hay1i.

BucHOBKM. 3aIpONIOHOBaHA CTPYKTYPHO-(QYHKI[iOHaTbHA MOfieNlb pOPMY€E KOHIENITYaIbHY OCHOBY JJ/Is1 iHTerpaii Imcuxo-
COLI{a/IbHOTO CYIIPOBO/AY B CUCTeMM 6araTopidHOI MiAroToBKY crioprcMeHiB. OTpuMaHi pe3y/nbraTil CBifj4aTh, 1[0 COLia/ibHa Mifi-
TPUMKa MO>K€ PO3IJIANIATHCA K CTPATETiYHO BayK/IMBUI CTPYKTYPHUIT KOMIIOHEHT PO3BUTKY aT/IeTa, 3 IOTEHIIIHUM 3HaYeHHAM
st npoiIaKTUKY BUTOPAHHS, MiTPUMKI Kap €pHOI CTIMIKOCTI Ta colLia/ibHOI peiHTerpanil mic/is 3aBepileHHs CIIOPTUBHOI
Kap’epu. Mogenb Moxe OyTy BUKOpMCTaHa (Pi3Ky/IbTYPHO-CHOPTUBHUMI OpPTaHi3alfisiMy Ta 3aKIaflaMy BUILOI OCBITY A/ PO3-
pobiieHHs eTanHO-CrieudiYHIX CTPATeTiil COLiaTbHOTO CYIPOBOJY aT/IeTiB.

KinrouoBi cnoBa: coianbHa miATpUMKa, PO3BUTOK aT/IeTa, ya/bHa Kap €pa, CHOPTUBHA ileHTUYHICTD, Kap EPHUIT Iepexif,
6i6mioMe TpUYHMIT aHAI3, CTPYKTYpPHO-(PYHKIIIOHAIbHA MOJIEITb.
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Abstract

Objectives. The current landscape of karate technology is beginning to mature, marked by an abundance of recent
studies. Previous analyses have primarily focused on original investigations, and mapping research trends in

karate through bibliometric analysis has not received adequate attention. Therefore, this study aimed to conduct a
bibliometric analysis of research trends in karate technology through the Scopus database for the period 2000-2025.
Materials and Methods. Data were collected using specific Boolean keywords in the Scopus database. A total of

122 RIS-format documents were retrieved and filtered using the Mendeley application, then visualized using the

VOSviewer and Biblioshiny applications.

Results. (1) Literature development, where productivity increased during 2021-2025, while journal citations tended to

fluctuate. (2) Journal performance, where the most productive journals were in applied sciences, engineering, and several
sports-related fields. (3) Author productivity, where the most active researchers published 10-13 articles, with the highest
citation counts ranging from 109 to 134. (4) Geographic distribution and collaboration patterns, where Poland and
Indonesia were the leading contributors to SCP and MCP, although overall international collaboration was not optimal.
(5) Popular keyword trends, where the dominant cluster focused on artificial intelligence, deep learning, and sensors,
comprising 40 keywords, while the use of virtual reality and augmented reality has also become increasingly common.
Conclusions. Although some aspects have improved, further research and technological development are needed,
along with increased demand in this area and stronger international collaboration. Modern karate requires both the

implementation and continuous improvement of technology to optimize learning and athletic performance.
Keywords: scientometrics, karate bibliometrics, karate technology, literature network visualization.

Introduction

Karate is a Japanese martial art that has developed around
the world. This art is known as an empty-handed martial art that
depends on the hands and feet as weapons in combat (Yudhistira
& Tomoliyus, 2020). Traditionally, karate has existed as a

© Irawan, F. A, Yudhistira, D., Samsuryadi, Alamsyah, D., &
Senakham, N, 2026.
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martial art that focuses on philosophical values, spirituality,
and mental toughness, not just physical aspects and methods
(Cynarski, 2019). Karate methods consist of movements (kata)
and fighting (kumite), but before learning these two aspects,
basic movements (kihon) should be practiced. Kihon serves
as a foundation for a karateka to improve in kata and kumite
(Dewangga et al., 2025). Over the years, karate has become a
competitive sport to achieve success.

The transformation of Karate into an Olympic sport
at the 2020 Tokyo Olympics has drastically shifted the
paradigm, transforming the preservation of traditional
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values into a science-based and measurable achievement
program. In modern karate, success at the top is not solely
determined by talent and consistent training. External
factors, such as infrastructure management, sports science
support, and digital technology, are crucial to achieving
peak performance on the tatami. These results are consistent
with the argument of Bompa and Buzichelli that internal
and external support in sport are crucial for optimizing
performance (Bompa & Buzzichelli, 2020).

Digital transformation has brought advanced devices to
the training and competition arenas (Sungkowo et al., 2024). In
other sports, the use of sensors and big data analysis has become
the gold standard for technological advancement in sports
science (Sungkowo et al., 2024, 2025). In karate, this potential
is beginning to be explored through several technologies, such
as video analysis and match review. The technologies are to
facilitate decision-making on points and fouls, the emergence
of high-quality karate apparel and equipment brands, as well
as virtual reality-based training tools to hone punch and kick
reaction skills (Witte et al., 2022)

As technological advancements offer significant
advantages in the area, substantial gaps remain. The
application and development of technology in karate is
still far from optimal, both in terms of study depth and
implementation in training settings. Regularly, studies on
technology in karate stop at prototype design and have
not advanced to the area of periodization and real-time
automated training programs. Therefore, technology tends
to be viewed as simply an add-on rather than a pressing
necessity in training management systems.

There are cultural challenges, as some practitioners believe
that digitalization diminishes the spiritual values of karate. This
creates uncertainty about how technology can be integrated
with karate philosophy without losing the essence of the martial
art, potentially hindering widespread adoption. Another issue
is the lack of literature to comprehensively map the extent
of digital transformation in modern karate. Without a clear
map, academics and practitioners struggle to determine how
technology will change in karate in the future.

Technological transformation is driven by two key
mechanisms: (1) practical efforts to shift from intuition-
based technical assessments to objective data such as match
statistics, and (2) a shift from tools like stopwatches to
wearables and machine learning capable of processing data
in real time. Through these mechanisms, technology is not
merely an addition of accessories, but an effort to redesign
training methods to help athletes achieve peak performance.

The ever-increasing complexity of study requires
a method to distill massive amounts of information into
meaningful patterns. Bibliometric analysis is a solution for
quantitatively mapping the scientific landscape. Moreover,
bibliometrics is a type of scientific method that aims to
identify study trends related to the number of publications,
authors, and popular countries on a particular topic
(Akhiruyanto & Yudhistira, 2024). This method is very
useful for identifying study gaps through structured pattern
mapping, enabling the process to be easier for analyses to
map topics for further study (Hafidz et al., 2024).

Previous studies on the bibliometric analysis of karate
have been conducted. For example, Gabriela et al. mapped
publications trends, relationships among topics, collaborations
between countries, and identified the most dominant study

clusters (Gabriela et al., 2023). Similarly, Kek et al. conducted
a bibliometric analysis, and found that leading countries,
particularly the United States, produced the highest number
of publications on karate-related injuries (Kek et al., 2023). A
study by Leonardo et al. conducted a review analysis of 450
original articles, with 67% published in the last 10 years. The
most frequently cited references in these articles were in the
fields of biodynamics and performance with a focus on sports
science (Mazzei et al., 2022). European authors published the
most works on karate, and the most frequent publications were
on injuries in karate (Mazzei et al., 2022).

A total of three scientific papers on karate bibliometrics
exist, leaving a scarcity of studies on karate bibliometrics. In
response to these studies, the bibliometric analysis conducted
is still general and focuses more on mapping the number of
publications and study collaborations (Gabriela et al., 2023).
Following the discussion, the bibliometric analysis in karate
still focuses on injury studies (Kek et al., 2023; Mazzei et
al., 2022). The diversity of references, journals, and authors
produces an abundance of knowledge, but there are gaps
in the areas of management, history, social sciences, and
current karate training methods (Mazzei et al., 2022).

Bibliometric analysis on mapping technological
developments in karate has not received special attention. This
mapping is very important to determine study trends, as well
as to provide follow-up and direction for future studies related
to sports technology in karate. Therefore, this study aims to
"conduct a bibliometric analysis of digital transformation in
karate based on the Scopus database from 2000 to 2025".
The focus of study questions (RQ) includes (1) literature
development, (2) journal performance, (3) author productivity,
(4) geographic distribution and collaboration networks, and
(5) trends in popular study topics. Through a systematic
bibliometric analysis of karate study trends, the present analysis
is expected to provide progress-based evidence on how karate
functions as an educational and scientific field. Furthermore, the
process is expected to provide information to karateka trainers
and practitioners in understanding and applying technology
in karate as a medium to advance higher achievements. The
operational limits of karate technology are presented in more
detail in Table 1.

Table 1. Operational Limitations of Karate Technology

Variable

Augmented reality,
virtual reality,
e-learning, big
data, information

Technology Pillar Main Focus

Administrative and
managerial efficiency,
software-based
training simulations

Digital system

systems
Biomechanical Assessment of Inertial sensors,
study physical condition, computer vision,
technique (kihon, kinematics,
kata, kumite), and electromyography,
injuries using digital ~ accelerometers
measurement tools
General Sports A combination Performance
Science of psychological analysis, exercise
and physiological monitoring,
principles, training instrument
methods that development,
support physical and behavioral
performance, and responses

technological aids
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Materials and Methods

This study was a bibliometric analysis that aimed to
map and analyze published trends by presenting quantitative
data. The data presented patterns, networks, keywords,
citation data, and author collaboration trends, helping to
identify thematic evolutions in previous studies (Donthu et
al., 2021). This method had great potential in the disciplines
of education, training, and exercise in the context of sport
(Oktavani et al., 2026). Specifically, the present study aimed
to analyze the bibliometrics of digital transformation in
karate using the Scopus database.

Data Collection Strategy

The Scopus database was selected due to its extensive
coverage across various disciplines, including health,
humanities, and education, as well as the advanced analytical
features for mapping articles using bibliometric analysis
(Oktavani et al., 2026). The data search process started on April
8, 2026, leading to a final dataset of 122 articles in RIS format.
The criteria used for the final dataset were shown in Table 2.

Data Screening Procedure

Data screening was conducted independently by three
expert karate reviewers, all doctoral academics. The three
reviewers possessed sufficient practical and theoretical
experience, ensuring the relevance as well as methodological
demand of the data during the selection process. Moreover,
the use of independent reviewers improved objectivity,
strengthened methodological transparency, and minimized
bias in data screening (Oktavani et al., 2026). The initial
screening process started with a search for relevant titles and
abstracts focused on karate topics related to the application of
training, analysis, and technological developments in karate.
Full texts were then reviewed, which served as inclusion

and exclusion criteria. Any disagreements between the
three experts were resolved through structured discussions
aimed at reaching a mutual agreement on the inclusion and
exclusion criteria. As a form of transparency, all inclusion
and exclusion decisions were documented throughout the
selection process. The experts followed predetermined
criteria regarding publication type, time, language,
methodology, and topic relevance. This data selection
procedure provided information that maintained internal
validity by following a structured, rigorous, and transparent
bibliometric analysis (Oktavani et al., 2026).

Data Extraction Procedure

Data were retrieved from scopus.com, which contained
bibliographic information such as name, author, title,
year, journal, affiliation, country, keywords, abstract, and
number of citations. Duplicate records were identified
using the Scopus website and manually checked using the
Mendeley desktop application to avoid word as well as
spelling disambiguations. Moreover, metadata was compiled
for quantitative analysis and network patterns to improve
the analysis. Data analysis preparation was assisted by the
VOSviewer and Biblioshny applications.

Bibliometric Indicators

The bibliometric analysis focused on quantitative results
regarding literature development, journal performance,
author productivity, geographic distribution, topic trends,
and collaboration networks. The outcomes of this analysis
were shown more visibly in Table 3.

Data Visualization

Study data visualization was conducted using
VOSviewer and Biblioshny applications (Borgohain et al.,

Table 2. Criteria for data collection through the Scopus database

No Item Description

Rationalization

1. Database source Scopus

2. Search field
3. Method type

Title, Abstract, and Keywords

Quantitative, Development
4. Language English

5. Boolean .
« »
accelerometer;

“karate” AND “inertial sensor” OR “IMU” OR

The database had high credibility, broad coverage
in the sports field, and was multidisciplinary.

To collect data relevant to the study topic.

To present collaborative networks, patterns, and
trends objectively through numerical data.

As an international language, it facilitated global
data retrieval.

Integrating the main keyword “Karate” with
various technology terminologies to find

Publication Year

Document Type
Data Export

“Karate” AND “computer” OR “kinematics” OR
“biometrics” OR “data mining””

“Karate” AND “exergaming” OR “virtual reality”
OR “augmented reality” OR “simulation””

2000-2025

Original article

RIS

extensive and comprehensive data.

Described the evolution of karate technology
from its early digital beginnings to modern
developments.

To ensure data quality, it experienced a rigorous
review process.
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Table 3. Indicators and Objectives of Bibliometric Analysis

Category Indicator

Focus of Analysis

Literature development o Study productivity 2000-2025
o Average citations per year

Journal performance o List of most popular journals
o List of the most impactful journals

Author productivity o List of the most productive authors
o List of most impactful authors

Geographic distribution and «  List of countries of correspondence
collaboration networks o List of collaboration patterns

Popular keyword trends o Popular keyword patterns

Measuring publication volume and citation impact

Identifying relevant and influential publication sources
on karate topics

Mapping dominant individual study contributions and
citation rates

Analyzing study distribution and countries that were
centers for karate technology development, as well as
patterns of international study collaboration

Identifying popular keyword patterns to justify
developing technologies

2022; Chen et al., 2022). VOSviewer was used specifically
for co-occurrence analysis to identify topic trends and
technological focuses in karate studies. In addition, the
application was used for co-authorship analysis to visualize
collaborative networks among institutions, authors, and
countries in building global study partnerships. Biblioshny
was used for literature productivity analysis, including
the presentation of annual publication trends and average
citations per year. Additionally, the application was applied
in source and author performance analysis, including the
identification of popular and high-impact journals, as well as
the contributions of dominant studies in the field. Biblioshny
was also used for geographic distribution analysis to map
scientific production and identify countries that served as
major centers of technological development in karate studies.

Data Validity and Limitations

Data validity was maintained through a systematic

method to find objective and replicable results.

o Internal validity was conducted using a search
instrument developed using Boolean keywords
(AND, OR), integrating the primary keyword
“karate” with several relevant terms such as artificial
intelligence, internet of things (IoT), and inertia
sensors. This ensured that the searched data covered
the full scope of digitalization in karate.

o External validity, through the use of the Scopus
database, ensured credibility due to its rigorous scope
and review standards for each article included in the
database.

« Data consistency was ensured through independent
screening procedures to minimize subjectivity and
increase study transparency. Expert consensus was
used, where any discrepancies in inclusion and
exclusion criteria were resolved through structured
discussions and consensus. Moreover, technical
reliability using the VOSviewer and Biblioshiny
applications ensured consistent as well as accurate
data processing.

o Limitations: The researchers acknowledge that
“citation latency” in the 2024-2025 data is an
inherent limitation of Scopus-based bibliometric
research, which may influence the interpretation
of the urgency of the latest technological research.

Therefore, these trends should be interpreted with
caution and not viewed as an absolute measure of a
technology’s effectiveness in practice.

Protocol Registration

Protocol registration is not mandatory in a bibliometric
study. As protocol registration is commonly used in
systematic reviews or intervention studies to improve
transparency (Oktavani et al., 2026), it is not a standard
requirement in bibliometric studies. However, the screening
strategy and analysis framework are predetermined and
clearly reported to ensure methodological transparency in
accordance with established bibliometric study guidelines
(Donthu et al., 2021).

Results

RQT: Literature Development

Table 4. Study productivity 2000-2025

Period of the year Number of articles Percentage
2000-2010 2 1.6%
2011-2015 10 8.2%
2016-2020 35 28.7%
2021-2025 75 61.5%

Total 122 100%

Table 4 showed that publication growth in 2000-
2010 was still very limited at 1.6%. In addition, the initial
growth phase in 2011-2015 increased moderately to 8.2%,
the publication volume expansion phase improved sharply
to 28.7%, and the digital acceleration phase in 2021-2025
witnessed a peak in publications with a contribution of
61.5%. However, volume efficiency is inversely proportional
to citations (Table 5), which indicates citation latency—that
is, publications from 2024-2025 have not yet reached the
mature citation phase within the scientific community

Table 5 showed that 2007 recorded the highest average
citation impact, with 54.00 citations per document, followed
by 2011 with 42.33 and 2004 with 31.00, indicating the
strong influence of publications from these periods. The
growth trend from 2015-2020 showed an average of 27.75
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Table 5. Average citations per year

Mean Total

e L. N (total Mean total Citable
Year  Citations per article) Citations per year year
article
2025 0.54 13 0.54 1
2024 0.73 11 0.36 2
2023 6.89 9 2.30 3
2022 10.38 8 2.59 4
2021 12.00 8 2.40 5
2020 7.10 10 1.18 6
2019 21.00 6 3.00 7
2018 5.36 11 0.67 8
2017 17.40 10 1.93 9
2016 11.67 3 1.17 10
2015 27.75 4 2.52 11
2014 8.75 4 0.73 12
2013 14.67 6 1.13 13
2012 11.50 2 1.13 13
2011 42.33 3 2.82 15
2010 7.50 2 0.47 16
2009 0.0 0 0.00 0.0
2008 29.00 2 1.61 18
2007 54.00 1 2.84 19
2006 0.0 0 0.00 0.0
2005 0.0 0 0.00 0.0
2004 31.00 1 1.41 22
2003 0.0 0 0.0 0.0
2002 0.0 0 0.0 0.0
2001 0.0 0 0.0 0.0
2000 0.0 0 0.0 0.0

citations per document. By 2019, the average citation per
year reached 3.00, despite the total citations per article being
21.00. The latest dynamics in 2021 were 12.00 citations per
document, 2024 had 0.73, and in 2025, 0.54 citations were
achieved. These figures were low, particularly in 2000, 2003,
2006, and 2009, where the citations were 0.

RQ2: Journal Performance

Table 6. List of 10 popular journals

Total
No Journal Name Articles
1. Sensors 4
2. Applied sciences (Switzerland) 3
3. Journal of Sports Sciences 3
4. Journal of electromyography and kinesiology 3
5. Sport engineering 2
6. International journal of computer science in sport 2
7. Journal of strength and conditioning study 2
8. Plos one 2
9. Journal of physical education and sport 2
10. IEEE Access 2

Table 6 showed that Sensors was a popular journal,
producing 4 articles, followed by Applied Sciences
(Switzerland), Journal of Sports Sciences, and Journal of

Electromyography and Kinesiology, producing 3 articles.
Following the discussion, other journals had 2 documented
articles, as shown in the table.

Table 7. List of the 10 most impactful journals

No Journal Name Total Citations
1 Journal of electromyography and kinesiology 188
2 Journal of Sport Sciences 155
3  Plosone 82
4 Sports engineering 64
5  Sensors 59
6  Journal of strength and conditioning study 59
7 Biomedical signal processing and control 54
8  Journal of science and medicine in sport 58
9  IEEE access 38
10 Archives of Budo 34

Table 7 showed that the electromyography and
kinesiology journal, with 188 citations, and the sports science
journal, with 155 citations, were the journals with the most
citations. Meanwhile, the other journals had an average of
34 to 82 citations. The dominance of “Sensors and Applied
Sciences” (Table 5) confirms a sociotechnical shift in karate
research from the realm of pure sports toward engineering
in pursuit of global visibility. However, popular engineering
journals, such as the “Journal of Electromyography and
Kinesiology”, have become scientific authorities, indicating
that biomechanics remains the standard for sports science
research in karate.

RQ3: Author Productivity

Table 8. List of the 10 most productive authors

No  Author Name Total Article Fraﬁli.:)ilﬂiel:ze d
1.  Hachaj 13 7.83
2. Ogiela 10 4.33
3. Witte 7 1.85
4.  Petri 6 2.05
5. Quinzi 6 1.14
6.  Sbriccoli 5 1.35
7. Setiawan 4 0.85
8. Koptyra 4 1.25
9.  Masik 4 0.82
10.  Emmeracher 4 0.82

Table 8 showed that Hachaj was the most prolific author
with 13 articles, followed by Ogiela in with 10, indicating
individual central role in advancing study in this field. Other
authors, such as Witte, Petri, and Quinzi, each contributed
6 articles. Several other studies, including Sbriccoli, who
had 5 articles, and Setiawan, Koptyra, Masik, as well as
Emmeracher contributed 4 articles. Productivity does not
guarantee research impact; for example, while Hachaj leads
in the number of publications with 13 articles, Sfroza holds
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the lead in impact with 134 citations. The difference between
productivity (Table 8) and impact (Table 9) underscores
that technology research is still largely driven by individual
researchers and has not yet achieved a broad collective
consensus.

Table 9. List of the 10 most impactful authors

No Name ci’tI:gst h-index g-index M-index
1. Sforza 134 6 11 0.429
2. Zago 119 5 5 0.357
3. Sbriccoli 112 5 5 0.556
4. Quinzi 109 4 4 0.286
5. Witte 76 3 3 0.214
6. Hachaj 70 3 3 0.231
7. Petri 68 5 5 0.385
8. Vencesbrito 67 1 1 0.062
9. Dierick 67 1 1 0.062
10. Sayers 67 1 1 0.062

Table 9 showed that Sforza was ranked first with a total
of 134 citations, an h-index of 6, and a g-index of 11 (Sforza
etal,,2001). Zago obtained 119 citations with an h-index of 5
(M Zago et al., 2015, 2017; Matteo Zago, Giuriola, etal., 2016;
Matteo Zago, Piovan, et al., 2016)balance control represents
a key performance determinant. With the hypothesis that
high-level athletes display advanced balance abilities, the
purpose of the current study was to quantitatively investigate
the motor strategies adopted by elite and non-elite karateka
to maintain balance control in competition. The execution of
traditional karate techniques (kihon, and Sbriccoli obtained
112 citations. Interestingly, Sbriccoli had the highest m-index
of 0.556, reflecting a consistent acceleration of study impact
throughout his scientific career (Sbriccoli et al., 2010).
Quinzi observed the impact of 109 citations (Fiorilli et al.,
2020; Quinzi et al., 2013, 2014, 2015, 2016, 2018; Sbriccoli
et al., 2010)muscle fibre conduction velocity (MFCV, Witte
had 76 citations (Witte et al., 2022), Hachaj produced 70
citations (Hachaj, 2017; Hachaj et al., 2018, 2013), and Petri
achieved 68 citations (Pastel et al., 2023; Petri et al., 2019)
it is still unclear to what extent VR training tools can be
applied for motor learning of complex movements. Previous
VR studies primarily relate to realize performances rather
than learning motor skills. Therefore, the current study
compared VR with video training realizing the acquisition of
karate technique, the Soto Uke moving forward in Zenkutsu
Dachi, without being accompanied by a trainer or partner.
Further analyses showed whether a less lavished forearm
compared to a whole-body visualization in VR is necessary
to acquire movements’ basics sufficiently. Four groups were
tested: 2 groups conducted VR training (VR-WB: whole-
body visualization, and VR-FA having only visualized the
forearms. Following the discussion, Vencesbrito, Dierick,
and Sayers had 67 citations (Gavagan & Sayers, 2017; Pozo
etal., 2011; A. VencesBrito et al., 2019; A. M. VencesBrito et
al,, 2011)and (ii. Although the number of citations was the
same for all three, the h-index and g-index were low, namely
1, showing a large impact in one article.

RQ4: Geographic Distribution and Collaboration Network

Table 10. List of 10 countries of correspondence

No Countries N % SCP MCP % MCP
1. Poland 16 13.1% 14 2 12.5%
2. Indonesia 14 11.5% 12 2 14.3%
3. Italy 13 10.7% 10 3 23.1%
4. Germany 11 9.0% 9 2 18.2%
5. Japan 9 7.4% 8 1 11.1%
6. Brazil 8 6.6% 6 2 25.0%
7. Spain 6 4.9% 4 2 33.3%
8. Portugal 5 4.1% 4 1 20.0%
9. Russia 4 3.3% 4 0 0.0%
10. Serbia 4 3.3% 3 1 25.0%

Table 10 showed that Poland ranked first with 13.1%
(16) articles of single-country publications (SCP), but still
had a multiple-country publication (MCP) engagement
of 12%. Indonesia ranked second with 11.5% (14) articles,
with 12 SCP publications and a MCP percentage of 14.3%.
Germany followed with 10.7%, approximately 13 articles,
and 9.0%, about 11 articles. Japan, as the country of origin of
karate, ranked fifth with 9 articles, approximately 7.4%. Spain
showed the highest MCP collaboration at 33.3%, followed by
Israel with 25.0% and Serbia with 25.0%. Meanwhile, Russia
showed an MCP of 0.0%, signifying that technological study
is more often conducted independently in the country.

Table 11. Popular collaboration patterns

Total

No Category Collaborator Name collaboration

1. Cluster 1/Red Bandow, brunnet, 12
burger, danneberg,
droste, emmermacher,
masik, pastel, petri,
ritter, witte, zhang

2. Cluster 2/Dark Blue Balashov, bocharov, 5
bublikov, khasanshin,
labintsev

3. Cluster 3/Yellow Camomilla, di mario, 5
felici, quinzi, sbriccoli

4. Cluster 4/Purple Ciprandi, galvani, 4
sforza, zago

5. Cluster 5/Light Blue Hachaj, koptyra, ogiela, 4
piekarczyk

6. Cluster 6/Orange Kim, terada, tsuchida, 4
tsukamoto

7. Cluster 7/Brown Franchini, goethel, 3
robalino

8. Cluster 8/Light Borysiuk, blaszczyszyn, 3

Purple kaczmarski

9. Cluster 9/Pink Ferreira, martins, 3

piemontez
10. Cluster 10/Green Echeverria. santos 2

Table 11 showed that the largest collaborative hub was
red cluster 1, with 12 collaborators, as the network density
showed strong study integration. Meanwhile, subsequent
clusters ranged from 2 to 5 collaborators, which could not be
considered optimal in terms of collaborative study networks
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Table 12. Popular keyword patterns

No Category

Keyword Pattern

Total

1. Cluster 1/Red

Accelerometers, accelerometry, algorithm, algorithms, artificial intelligence, 40

classification, classification of information, community detection, community
detection algorithm, complex networks, computer vision, convolutional neural
network, computer vision, convolutional neural network, deep learning, description
languages, dynamic time warping, human motion analysis, image processing, image
recognition, information systems, karate, kinetic, kinematic, kinematic analysis,
kinematics, kumite, learning algorithms, learning systems, machine learning, motion
analysis, motion capture, multilayer neural network, physical activity, population
dynamic, punch, reliability, sensor signal averaging, training process, wearable sensors

wearable technology
2. Cluster 2/Green

Arm, athlete, athletes, athletic performance, electromyography, hip, human 18

experiment, joint characteristics and functions, priority journal, range of motion

articular, skeletal muscle, skill
3. Cluster 3/Blue

Adolescent, adult, biomechanical phenomena, biomechanics, body mass, comparative 17

study, knee functional, martial art, martial arts, motor performance, motor skills,
physiology, principal component analysis, sport, velocity,

4.  Cluster 4/Yellow

Combat sport, combat sports, e-learning, karate kumite, performance, personnel 13

training, quality control, reaction time, response behavior, three-dimensional
computer, virtual reality, virtual reality training, visualization

5. Cluster 5/Purple

Acceleration, ankle, body equilibrium, controlled study, lower extremity, lower limb, 10

middle-aged, pathophysiology, postural balance

since the clusters remained fragmented in individual studies,
as shown in Figure 1.

RQ5: Popular keyword trends

Table 12 showed that Cluster 1 (red) was dominated by
digitalization and artificial intelligence keywords, totaling
40. Cluster 2 (green) was dominated by athlete performance
and biomechanics keywords, totaling 18. In addition, Cluster
3 (blue) was dominated by physiology and basic movement
keywords, totaling 17. Cluster 4 (yellow) was dominated
by technology simulation and combat response keywords,
totaling 13. Moreover, Cluster 5 (purple) was dominated by
body balance and pathophysiology keywords, totaling 10, as
shown in Figure 2.

Discussion

This study maps the transition of karate from a
traditional pedagogical sport to a science- and technology-
driven sport. The researchers frame this shift not merely as
an increase in the use of technology, but as a process in which
traditional karate values begin to interact within measurable
biomechanical, physical, and psychological parameters.
This framework explains why the shift in key terms from
motion tracking in the 2000s to artificial intelligence in the
2020s is not merely a trend, but a systemic response to the
need for objectivity in decision-making during training and
competition.

RQ1: Development of literature

The results showed a 61.5% increase in publications
between 2021and 2025. This confirms that the transformation
of karate into an Olympic sport at Tokyo 2020 has shifted the
paradigm from preserving traditional values to measurable,

science-based achievements. This is not only a result of
karate’s status as an Olympic sport but also a reflection of
the maturity of the research infrastructure. This situation
is further supported by the increased availability of inertial
measurement units (IMUs), enabling researchers from
developing countries to analyze the biomechanical aspects
of karate without the need for large laboratories. Although
study productivity on technology in karate had increased
significantly, the average citation rate in the final year of
2024-2025 remained relatively low, at only 11-13 citations.
As a result, annual study productivity did not guarantee
impactful publications, as showed by high citation counts.
Publication productivity was an important benchmark
for assessing the performance of studies (Fischer etal., 2012).
Scientificpublicationsinanyfield wereasource ofinformation
for societal advancement (Wahid et al., 2021). Relating to the
discussion, publications aim to create and transform new
knowledge as well as stimulate innovation (Wahid et al,,
2021). In an academic context, publications and citations
influenced individual career development and recruitment
(Wahid et al., 2021). Study productivity was primarily
influenced by time, academic rank, and collaboration, but
had less impact by position as well as mentorship (Wahid
et al.,, 2021). In an institution, the environment, situation,
funding, and electronic infrastructure significantly
influenced publication productivity (Wahid et al., 2021).
Based on the description above, publication productivity
was not directly proportional to publication impact, which
was characterized by the number of articles cited by other
studies. In this case, the present study was needed, or similar
studies that would need to be conducted. Several categories
were available thatinfluenced the increase in average citations
each year. First, factors related to the article , including
novelty, paper quality, popularity, interest of studies,
characteristics of the discipline, methodology, study design,
and documents. Other factors comprised results, discussion,
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use of images, characteristics of the title, abstract, and
keywords, characteristics of references, page length, article
age, initial citations, and citation rate, as well as accessibility
(Tahamtan et al., 2016). Second, factors about the journal,
including the prestige of the journal, journal language,
scope, and publication form (Tahamtan et al., 2016). Third,
factors about the authors, including the number of authors,
author reputation, previous citations, author academic rank,
gender, race, age, productivity, organizational features, and
grant funding received (Tahamtan et al., 2016).

The increase in publications was also influenced by the
fact that publication indexing has tended to be more inclusive
of open-access journals over the past decade. Expanded
accessibility has acted as a catalyst for researchers in developing
countries to improve their publication performance, yet
citation latency has emerged as a factor. The data indicates a
drastic increase in publication volume from 2021 to 2025, yet
the average citation count has declined. This indicates literature
inflation, where the speed of publication is not matched by
sufficient time for evaluation, assimilation, and citation of the
work. Citation latency reflects a delay in practical adaptation;
that is, published technology often takes more than one or
two years to be adopted in real-world applications, resulting in
lower citation rates in the early years.

According to the results and citations above, productivity
as well as citations per year were indeed influenced by many
factors. However, when the focus was on technological
developments in karate, the most important influencing
factors were as follows. (1) The transition from traditional
karate to modern karate required holistic dissemination,
particularly for trainers. (2) The rise of academics who
focused on karate was still not optimal. (3) The academic
background was essentially from the field of sports, showing
that the innovation to develop technology was not optimal.
For example, collaboration with academics in the field of
computer science or educational technology was needed.

RQ2: Journal performance

The results showed that the Sensor journal was the
most popular with 4 articles, followed by Applied Sciences,
Journal of Sports Sciences, and Journal of Electromyography
and Kinesiology. This outcome showed that studies on karate
technology were increasingly shifting from sports journals to
engineering-based journals and applied sciences. Therefore,
karate was observed as an extremely complex biomechanical
and sensory study object. The journal with the highest
impact was characterized by the number of citations, where
the Journal of Electromyography and Kinesiology ranked
first with 188 citations. This reinforced the global trend of
technology validation through physical activity data being
more popular than just the use of digital devices. Another
journal, such as the Journal of Sport Sciences as the second
highest impact. There was a particular concern that journals
focused on sports became impactful to other studies besides
those relating to engineering. Third place was the Journal Plos
One with 82 citations that covered a wide scope, including
sports studies. However, the 10 influential journals were still
dominated by journals related to the engineering field.

The complexity of journal selection was influenced by
national and university policies, study funding factors, as
well as journal ranking systems, all of which were dynamic

and constantly changing (Rowley et al., 2022). Experience
publishing in specific journals, personal competencies, and
career objectives influenced journal selection (Rowley et al.,
2022). Other studies also provided different perspectives,
such as good relationships with journal staff, publication
reliability, and organizational willingness to sponsor
publication in a particular journal, or other reasons for
inviting submissions to a particular journal (Thompson,
2007). Following the discussion, the impact of the journal
was influenced by open-access journals. For example,
articles published twice a year were more expected to be
cited in 4-10 months and nearly three times more possibly
to be cited 10-16 months after publication compared to non-
open access journals (Mckiernan et al., 2016).

Journal selection is often determined by indexing.
Journals such as “Sensors” or “Applied Sciences” dominate
due to their open-access publication profiles, thereby
providing a solution for readers. However, researchers
must be more critical of the shift from sports journals to
engineering journals, which reflect the complexity of the
subject matter and high impact factors, yet often come
with excessively high publication costs. This creates a new
dichotomy: sports research related to engineering that is
expensive to publish, compared to sports research published
in pure sports journals with lower publication costs.

Based on the description above, journal performance
from a karate technology study perspective was related to
study funding, experience, and journal open access. The
performance was also according to the development of
karate study related to less well-known technologies, which
was different from other sports, such as games, namely
football, volleyball, and basketball. Individual martial arts
sports were still less interested in being explored. Meanwhile,
the relatively limited optimal development in martial arts,
particularly karate, had become an accessible and appealing
field for integration with technology, facilitating the
publication in reputable international journals. This process
was directly proportional, and when the productivity of the
journal in publishing articles was not high, citations would
also be less optimal in terms of citation impact. However,
certain topics related to technology in karate were interesting
and had relevant pragmatic value in other sports technology,
allowing the process to be dynamic. There was a possibility
that these topics would be widely referenced.

RQ3: Author productivity

The results showed that, among the 10 most productive
authors, Hachaj (13 articles) and Ogliela (10 articles) had
the highest production and became central figures. This
showed the effort and ambition to publish works related
to karate technology. Despite being the most productive
authors, the results of influential authors were not directly
proportional. Authors with the most citations were Sfroza
(134), Zagi (119), Sbriccoli (112), Quinzi (109), and others.
Hachaj was not included in the top 5 influential authors, and
Ogliela was excluded from the top 10. Therefore, the number
of publications did not necessarily signify the number of
citations.

There is a disconnect between productivity and impact:
for instance, the highly productive author Hachaj is not the
most cited researcher, while Sforza, with fewer publications,
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is the most cited researcher. This suggests that technological
research in karate still relies heavily on individual innovation.
Existing studies often stand alone without forming a
mutually supportive research ecosystem. One solution is
interdisciplinary collaboration between computer scientists
and karate experts to ensure that technology development
does not stop at prototype design but continues into the
long-term commercialization phase.

Studies showed that topic significantly influenced citation
rates, with only a limited number if areas in sports science,
such as injury and exercise physiology; receiving highly citation
impact (Gholampour et al., 2022). Highly cited articles were
often published in high-impact journals ranked in the top
quartile and were the result of collaborations across institutions,
studies, and countries (Gholampour et al., 2022). This action
was also dynamic, as not all articles published in high-impact
journals were highly cited (Chapman et al,, 2026). Other studies
had shown that international collaboration patterns had a
higher potential citation impact than domestic publications
(Wang et al., 2015).

Based on the description above, publication productivity
was influenced by both internal and external support
factors, including the presence of lecturers or academics
with doctoral degrees or professorial ranks, who provided
additional resources and facilitate study publication in
academic journals. However, the impact of authorship
on ongoing studies might be due to the need for relevant
analyses previously published by authors. In karate study,
particularly in relation to technology, citation practices
remained suboptimal, as most analyses had primarily
focused on physical training aspects that did not require
technology. A high level of study collaboration between
countries had an optimal impact on citation performance
for articles discussing karate technology.

RQ4: Geographic Distribution and Collaboration Network

The results showed that Poland and Indonesia were
among the most productive countries in terms of contributions
to single-country publications (SCPs) and multi-country
publications (MCPs). Other countries that followed included
Italy, Germany, Japan, Brazil, Spain, Portugal, Russia, and
Serbia. Poland and Indonesia showed strong ambitions of
domestic academics to advance karate sports science through
digital transformation. Japan was not among the top three
for MCPs, despite karate originating from the country. This
was probably due to the continued focus on SCP publications.
Another interesting result was that Russia had not published
MCP publications, which needed to be improved in its growing
study efforts. Therefore, the overall collaboration network in the
field of karate technology remained fragmented in a small group
of collaborators. There was no consensus on a single technology
platform, leading many studies to prefer SCP publications to
developing MCP prototypes. Without large-scale collaborative
research initiatives, karate technology will remain stuck in a
state of fragmentation, meaning that the innovations produced
will be difficult to replicate and implement on a global scale.

The action was shown by the largest collaboration hub
in cluster 1, showed in red, with only 12 associations. As the
value represented the largest cluster, it was not considered
quantitatively optimal. Subsequent clusters only had between
2and 5 collaborators, showing the strong correlation between

MCP and collaboration patterns. This process allowed the
present analysis to identify gaps in collaboration trends in
technology studies that needed improvement, as shown in
Figure 1.
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RQ5: Trends in Popular Keyword Patterns

The keyword pattern trend with cluster 1 in red
showed a digitalization and artificial intelligence form with
40 keywords. The outcomes showed that current karate
depended on subjective intuition, deep learning, and data
mining. In cluster 4 (yellow), responsive training methods
incorporated virtual reality applications and exergaming to
support learning and achievement. When examined across
different periods, the focus of literacy and studies in this field
has changed significantly. Between 2000 and 2010, studies
primarily focused on how to track movement using optical-
based methods. From 2011-2015, investigations shifted
toward kinematic and kinetic analysis of punching and
kicking through the application of an electrogoniometer.
During 2016-2020, developments included the introduction
of the iKaraate application, the use of inertial measurement
unit (IMU) sensors, and the early exploration of virtual reality
for responsive training. More recently, from 2021-2025,
studies have increasingly integrated artificial intelligence,
deep learning, augmented reality, and systems such as
Kumitron for performance monitoring and evaluation. The
rise of artificial intelligence and deep learning marks a new
phase in the automation of sports coaching. Underlying this
transformation is the urgent need for monitoring capabilities
that can handle the complexity of karate movements. Deep
learning mechanisms make it easier for coaches to perform
the laborious task of movement analysis, allowing them to
focus on tactical aspects rather than just technique. This
outcome showed the development of study trends that were
starting to increase, as shown in Figure 2.

Conclusions

It is concluded that karate is evolving into a
technology-driven sport, propelled by key drivers such
as (1) technological needs; the surge in publications
from 61.5% between 2021 and 2025 reflects researchers’
pragmatic response to the complexity of karate data,
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which cannot be analyzed manually. The dominance of
keywords such as artificial intelligence and deep learning
underscores that technology serves as a tool for coaches.
Additionally, the development of virtual reality, augmented
reality, and exergaming as training tools for karateka. (2)
methodological fragmentation: although productivity has
increased, citation rates have fluctuated, proving that the
quantity of publications does not correlate directly with
research impact. Although Poland and Indonesia show high
contributions to SCP and MCP, research remains confined
to small groups. Suboptimal collaboration patterns result in
technology research remaining uncertain, which explains
why innovations are difficult to commercialize. (3) A shift in
scientific authority; the dominance of engineering journals
such as “Applied Sciences” and “Sensors”, compared to sports
sciencejournalslike the “Journal of Sports Sciences’, indicates
that the legitimacy of karate technology is now validated
through precise biomechanical data and physical condition
metrics. Researchers with high productivity—10-13 articles
and 109-134 citations—have become the center of gravity,
indicating a shift in authority from pedagogy toward applied
science.

This study provided an analytical overview of how
technology had started to develop in the implementation
of karate. Although karate was occasionally viewed as a
traditional sport in relation to the body and movement,
technological support played a crucial role in achieving
more optimal performance. Related to performance,
modern karate greatly requires technology for measurement,
justification, talent scouting, performance analysis, and
training program development. Academically, this study
contributes to how future analyses can be optimized related
to the development of technology-based applications,
international collaboration, and increased study productivity.
The analysis also contributes to how future studies can
implement applications that have been developed in the
scope of karate organizations and clubs to provide knowledge
and be able to use technology in training rooms. From the
perspective of a practitioner, it is important to understand
that the implementation of technology in karate is essential
to support physical and technical performance.
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CyuyacHun TexHonoriyHum naHawadT Kapare: 6ibniomeTpnuHe
KaptorpadyBaHHA Ta Bisyanisauia mepexi HayKoBOI
nitepatypu 3a gaHumm 6asm Scopus (2000-2025)

damxap ABanr IpaBan'*?cPE, [lepanrra IOpxicripa®*8“PE, Camcyp’agi**BCPF,
Heppi Anamcpax>*ABCPE, Hyryapi Cenakxam>P®

' lep>xaBHmit yHiBepcurer CemMapanra
*[lep>xaBuuit yHiBepcutet Cypabai
*Yuisepcurer IpiBimpkast
*Yuisepcurer Multi Data Palembang
*YuiBepcurer CpiHakxapiHBipoT

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

Pedepar. Crarrs: 12 ¢, 12 Tabi., 2 puc., 46 mxeper.

Merta. Cy4acHuil HanpsIM TeXHOJIOTiN y KapaTe IOYMHAE aKTMBHO PO3BMBATUCH, 1[0 MiATBEP/KY€ETbCA 3HAUYHOIO KiJTbKiCTIO
HeIo/IaBHiX gocmimkensp. [lonepenHi aHanisu nepeBa>kHO 6ym/1 30CepeyKeHi Ha OKpeMIX OpUTiHAIbHUX NOCTIIPKEHHAX, TOli AK
KapTyBaHHs TeHAEHLIN JOCI/PKeHD y raTysi TeXHOIOTIN KapaTe 3a JOIOMOT00 616/1i0MeTPUYHOrO aHaIi3y He OTPMMAJIO HaJIeX-
Hoi yBary. ToMy MeTOIO IIbOTO TOCTi/PKEHHA 6y110 poBefieHHs 6i6/ioMe TpIIHOTO aHaJIi3y TEHJEeHLIi JOCi KEeHb TEXHOIOTIN ¥
Kapare Ha OCHOBi 6a3u maHux Scopus 3a mepion 2000-2025 poxkis.

Marepianu Ta Metopu. [lani Oyu 3i6paHi 3a ;OIIOMOTrOX0 CIieriabHO cOPMOBAHMX HOUIYKOBYUX 3aIUTIB i3 BUKOPUCTAHHAM
norivyHux oneparopis Boolean y 6asi gannux Scopus. 3arasom 6yio Bigibpano Ta BigdinsrposaHo 122 gokymentn y popmati RIS
i3 BukopucTanHaM nporpamu Mendeley, mics doro ix Bisyamisaljito BUKOHaHO 3a forromoroto nporpam VOSviewer i Biblioshiny.

Pesynpraru. (1) Po3BuToK myOmiKariifHOI aKTMBHOCTI: MPOAYKTUBHICTD JOCTIIKeHb 3pocia y 2021-2025 pokax, Toai 5K
IIVITOBAHICTb )KyPHa/IiB Majla TEHJEHIIiI0 10 KoMuBaHb. (2) EdeKTUBHICTD KypHaIiB: HAMIIPOAYKTUBHILIMMY OYIIV )KypHA/IN Y Ta-
JTy3sX IPUK/IaTHNX HAyK, iH>KeHepil, a TaKoXX HU3Ka CIIOPTUBHMX >KypHaIiB. (3) IIpogykTuBHICTb aBTOpIB: HAMlaKTUBHIII ZOCITif-
HUKM omry6OnikyBamu 10-13 crareii, a Hait6inbIIa KibKICTb IXTYBaHb iXHIX Ipaub cTaHoBwWIa Big 109 fo 134. (4) Teorpadiunmit
posmoain i Mogerni criBnpani: ITonbina Ta [Hgonesis 6ymu npoBigHMMY KpaiHamu 3a KibKicTio ogHOKpaiHHyx (SCP) i MbkHapop-
Hux (MCP) my6mikariiit, Xo4a 3arajbHIIT piBeHb MDKHAPOIHOI CIiBIIpali 3anuiascsa HeffocTaTHiM. (5) TeHgeHMii KTI090BUX C/1iB:
IDOMIiHYI0UNMIT K/1acTep OYB 30Cepe/pKeHNit Ha IITYYHOMY iHTe/IeKTi, IMOOKOMy HaBYaHHI Ta CEHCOPax i 0XOIUTIOBaB 40 KII0YOBMX
CI1iB, TOJIi IK BUKOPUCTAHH:A TeXHOJIOT1il BipTya/IbHOI Ta IOIIOBHEHOI pealbHOCT] TaKO>K HabyBae Jefasi O/IbIIOro IOMMpPEeHHS.

BucnoBkn. He3paxkaioun Ha NMO3NUTHUBHI 3MiHM B OKpeMMX acIleKTaX, iCHye MmoTpeba y MOfaNbIINX TOCTIIKEHHAX i TeX-
HOJIOTIYHMX PO3p0o0OKax, 3pPOCTAHHI MOMUTY B Ll rajysi Ta mocmieHHi MbkHapogHOI criBmpani. CydacHe kapare motpebye
BIIPOBA/PKEHHsI Ta 6e3l1epepBHOrO BOCKOHA/IEHHs TEXHOJIOT1i [/Is1 ONTUMI3alil Ipoljecy HaBYaHHsI il Mi/{BUILEHHS CIIOPTUBHOI
Ppe3y/IbTaTMBHOCTI.

KirouoBi cmoBa: HaykoMeTpis, 6i6mioMeTpis kapaTe, TeXHOIOTII KapaTe, Bidyaisallisd Mepexxi HayKoBoi JliTepaTypu.
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Abstract

Introduction. In football training, small-sided games (SSGs) are frequently used as an integrated approach to
simultaneously develop the technical, tactical, physical, and cognitive dimensions of performance. However, the
extent to which specific task constraints influence technical engagement remains inconsistently synthesized.
Objectives. This systematic review aimed to examine how different SSG task constraints affect technical engagement

in football players within an integrated training framework.

Materials and Methods. A systematic search of electronic databases was conducted following established review
guidelines. A total of 35 studies investigating the effects of SSG format, pitch size, rule modifications, age, biological
maturity, and integrated effects on technical engagement were included. Methodological quality was assessed, and the

findings were synthesized according to thematic categories.

Results. The findings indicated that smaller formats and reduced team sizes increased technical involvement, while
pitch dimensions and scoring rules modulated passing patterns, shooting frequency, and ball possession. Touch
limitations accelerated ball circulation but often increased technical errors, particularly in younger players. Age,
technical level, and biological maturity significantly influenced technical efficiency. Mental fatigue and inadequate
recovery were consistently associated with reduced passing accuracy, poorer ball control, and increased errors.
Discussions. These findings are consistent with prior research highlighting the role of task constraints in shaping
performance. The evidence supported the view that technical engagement in SSGs emerges from the dynamic
interplay of structural, developmental, and psychophysiological factors.

Conclusions. SSGs constitute an effective integrated training modality for enhancing technical engagement, provided
that task design is developmentally aligned and contextually structured.

Keywords: small-sided games, technical engagement, integrated training, task constraints, football.

Introduction

Football is a dynamic and complex team sport in which
performance emerges from the continuous interaction
between technical execution, tactical organization, and
physiological demands (Little & Williams, 2006; Parlebas,
2020). Given the complexity of football, traditional training
methods initially targeted physical, technical, and tactical

© Essafi, S., Brouki, Y., Ben Seddik, H., Rimy, H., Khali, C.,
Barkaoui, M., Eloirdi, A., El Ouali, E. M., & Chokri, A., 2026.
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components separately, often emphasizing ball-free exercises
to develop aerobic and anaerobic capacities (Helgerud et
al., 2001; Radziminski et al., 2013). Although effective for
physiological development, this approach was time-intensive
and insufficient for enhancing context-specific technical and
tactical skills (Michailidis, 2013). Considering that technical
and tactical proficiencyare decisive for offensive performance
and competitive success (Francesco et al., 2015, 2016), the
multidimensional demands of modern football have led to
the emergence of integrated training, which simultaneously
develops physical capacities alongside technical and tactical
competencies.
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Integrated training is considered effective approach
for player development, as performance improvements are
maximized when training conditions mirror the demands
of competition (Clemente, 2016). Within this framework,
small-sided games (SSGs) enable coaches to concurrently
stimulate technical and tactical skills, while enhancing
physiological capacities (Chootsungnoen et al., 2025b;
Mubhyi et al., 2025; Owen et al,, 2011). A key pedagogical
advantage of SSGs lies in their capacity to promote
“repetition without repetition,” meaning that players are
repeatedly exposed to representative task conditions that
enhance perception-action coupling without relying on
mechanical and decontextualized technical drills typical of
analytical training approaches (Tan et al., 2012).

SSGs are now widely integrated into training programs and
canbeadaptedaccording to coaching objectives by manipulating
rules, player numbers, pitch dimensions, and other contextual
variables to regulate task intensity and learning focus (Hill-
Haas et al., 2011; Michailidis, 2013). However, modifications
in task constraints are expected to produce different effects on
players’ technical engagement and therefore require careful
design and control. Although their impact on physiological
responses (Aguiar et al., 2012; Clemente et al., 2014; Hill-Haas
et al,, 2011), tactical engagement (Essafi et al., 2026; Ometto et
al., 2018), and multidimensional outcomes (Bujalance-Moreno
et al,, 2019; Sarmento, Clemente, Harper, et al., 2018) has been
widely reviewed, further clarification is needed regarding
how coaches can deliberately manipulate these constraints to
enhance technical engagement. Technical engagement refers to
the degree of involvement of a player in technical actions within
the game, reflecting the frequency, diversity, and contextual
relevance of technical behaviors. Variability in findings across
similar task manipulations reinforces the need for a clearer
synthesis of evidence.

The specific effects of SSG task manipulations on
technical engagement indicators remain insufficiently
systematized despite the expanding body of literature.
The use of SSGs for developing technical skills has been
previously examined; however, a structured synthesis of
objective indicators of technical engagement across different
task constraints is still lacking (Clemente & Sarmento, 2020;
Francesco Sgro et al,, 2018). A clearer and more structured
understanding of how task design shapes players’ technical
involvement would provide practitioners with more precise
guidance for optimizing integrated football training.

The purpose of this systematic review is to explore how
different small-sided game (SSG) task constraints—such as
game format, pitch size, rule modifications, and contextual
factors—aftect technical engagement in football players. By
synthesizing outcomes across task designs, it seeks to clarify
how SSG configurations influence technical engagement
and to provide a more structured and practice-oriented
framework for optimizing integrated training in football.

Materials and Methods

Study design and eligibility criteria

The present systematic review was conducted in strict
accordance with the PRISMA guidelines, which provide a
standardized frameworktoensuretransparency,methodological
rigor, and reproducibility throughout the processes of study

identification, selection, and evidence synthesis (Moher et al.,
2010; Page, M. J., McKenzie, J. E., Bossuyt, P. M., et al,, 2021;
Page, M. ], Moher, D., Bossuyt, P. M.,, et al., 2021).

Study eligibility was determined through the PICO
framework (Population, Intervention, Comparator,
Outcomes). The population included football players of any
age category, gender, and competitive level. The intervention
consisted of training interventions based on small-sided
games (SSGs) implemented within an integrated training
approach. Comparators involved different manipulations of
SSG task constraints. The outcomes of interest focused on
indicators of technical engagement.

Studies were included if they: (a) focused solely on
football; (b) were published in English; (c) consisted of
peer-reviewed articles available in full-text format; (d) were
carried out in competitive or performance-oriented contexts;
(e) implemented SSG-based training interventions; and (f)
reported quantifiable technical performance outcomes.
Studies were excluded when they: (a) were conducted in
purely educational or recreational settings; (b) were not
available in English; (c) did not assess technical performance
variables; (d) examined only physical or physiological
outcomes without reporting technical indicators; (e) lacked
an empirical scientific design (e.g., opinion papers or
descriptive reports); (f) did not present original data; or (g)
were systematic reviews or meta-analyses.

Search strategy

A systematicsearchwasconductedacrossthreeelectronic
databases—Scopus, PubMed, and Web of Science—and was
limited to studies published between 2015 and 2025, in order
to capture recent advances in methodological practices,
analytical techniques, and training models relevant to SSG
research. Search strategies were tailored to each database
and constructed using combinations of keywords and
Boolean operators. The core search string included terms
related to small-sided games, football, integrated training,
task constraints, and technical engagement, as follows:
(“soccer” OR “football”) AND (“small-sided games” OR
“SSG”) AND (“integrated training”) AND (“task constraints”
OR “task manipulation”) AND (“technical performance”
OR “technical engagement” OR “technical actions” OR
“technical skills”).

All retrieved records were imported into Zotero
reference management software for systematic organization
and deduplication. The screening process adhered to
PRISMA guidelines. Following duplicate removal, titles and
abstracts were independently evaluated by two reviewers
to eliminate studies failing to satisfy the predefined
eligibility criteria. Articles deemed potentially eligible were
subsequently assessed in full text to confirm their inclusion.
Disagreements between reviewers were addressed through
deliberation until a consensus was reached.

Figure 1 presentsthe PRISMA flow diagram summarizing
the entire selection process, from initial record identification
through screening and exclusion to final study inclusion.

Methodological quality

To evaluate the methodological quality and risk of bias
of the retained studies, a validated 16-item checklist tailored
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specifically to Small-Sided Games (SSG) research was applied
(Sarmento, Clemente, Aratjo, et al., 2018; Sarmento, Clemente,
Harper, et al.,, 2018). This instrument enables a structured
appraisal of both methodological rigor and reporting
transparency across the selected articles. The checklist covers
several key domains: study purpose stated clearly (item 1),
relevance of background literature (item 2), appropriateness
of the study design (item 3), sample included (items 4 and
5), informed consent procedure (item 6), outcome measures
(item 7 and 8), method description (item 9), significance of
results (item 10), analysis (item 11), practical importance (item
12), description of drop-outs (item 13), conclusions (item 14),
practical implications (item 15), and limitations (item 16).

Items were scored on a binary scale (0 = not fulfilled;
1 = fulfilled), with a “not applicable” (NA) option reserved
for informed consent and dropout-related criteria when
irrelevant to the study design. A composite quality score was
then calculated as the proportion of fulfilled criteria relative
to applicable items. On this basis, studies were subsequently
classified into three quality tiers: low quality (<50%), good
quality (51-75%), or excellent quality (>75%).

Data Extraction

Data extraction was carried out using a standardized
form to maintain consistency across studies. For each article,
general characteristics were recorded (author, year, sample
size, participants’ age, and competitive level). In addition,
key methodological and intervention details were collected,
including study objectives, SSG format, pitch dimensions,
work duration, applied rules, technical variables analyzed,
and main findings.

Results

Study Identification and Selection

The initial database search yielded 442 records. All
references were imported into Zotero, where 98 duplicates
were automatically identified and removed. The remaining
studies then underwent title and abstract screening, resulting
in the exclusion of 211 articles deemed inconsistent with the
overarching objectives of the review. A total of 98 full-text
papers were subsequently excluded after detailed assessment
against the predefined inclusion criteria. A total of 35 studies
ultimately met all eligibility requirements and were retained
for final synthesis. These studies comprised a total sample
of 1,088 participants and examined technical engagement
outcomes under different Small-Sided Game formats within
an integrated training context. The PRISMA flow diagram
(Figure 1) provides a comprehensive visual summary of the
identification, screening, and inclusion stages.

Data Synthesis

Technical engagement within SSG-based integrated
training contexts was predominantly explored through task
constraint manipulation. The findings derived from the
selected studies were subsequently organized into thematic
categories to ensure a clear and coherent synthesis.

Specifically, results were structured according to: (1)
the effects of different SSG formats (n = 10); (2) the impact

Identification of new studies via databases and registers

Records identified from:
Databases (n=442)

Records removed before screening:
Duplicate records (n =98)

Identification

Records screened
(n=344)

l

Reports sought for retrieval
excluded (n =133)

l

Reports assessed for
eligibility
(n=133)

Records excluded
(n=211)

Records not retrieved (n =0) |

Screening

Reports excluded:
Not researching soccer (n=30)
Systematic reviews (n=5)
Does not report the technical performance
(n=45)
l Not examine the SSG (n = 18)

New studies included in
review (n =35)

Included

Fig. 1. PRISMA flow diagram summarizing the screening and
selection process

of pitch size and spatial configurations (n = 8); (3) the
influence of specific task-rule modifications (n = 7); (4)
effects associated with players’ age, biological maturity and
technical level (n = 5); and (5) integrated effects arising from
the manipulation of other constraints. (n = 5).

This categorization allowed for a systematic examination
of how task constraints shape technical outcomes in football
SSGs.

Methodological Quality

Methodological quality was evaluated using a checklist
specifically designed for SSG research (Sarmento, Clemente,
Aratjo, et al,, 2018). Overall, the studies exhibited a high
level of methodological rigor, with all being rated within
the “excellent” quality category. Nevertheless, none reached
a perfect score of 100%, and the lowest observed score was
75%. The most frequently identified limitations concerned
insufficient reporting of study constraints and a lack of
clear justification for sample size calculations. Despite
the generally strong methodological quality, improving
transparency in these areas would enhance the robustness of
future research in this field.

Discussion

This systematic review sought to determine how
different Small-Sided Game (SSG) task constraints influence
technical engagement in football players within the context
of integrated training. Unlike prior reviews that frequently
examined technical actions in isolation, this study adopts an
integrated approach by focusing on technical engagement
across multiple task constraints, including pitch size, player
numbers, rules, and contextual factors. The synthesis of
the included studies demonstrates that variations in SSG
formats consistently produce distinct changes in technical
engagement, supported by a growing body of research and
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diverse participant samples. These results equip coaches with
actionable guidance to optimize SSG design and planning
targeting specific technical engagement while accounting for
players’ developmental stages and game contexts.

Most included studies were rated as excellent in
methodological quality, which enhances confidence in
the validity of the findings reported. Nonetheless, some
recurrent limitations were observed, particularly the lack of
justification for sample sizes and the limited acknowledgment
of study constraints, suggesting that even validated quality
assessment tools may not capture all methodological
nuances.

For clarity and coherence, the discussion is organized
around the main thematic areas that emerged from the
reviewed literature, including game format, pitch size,
task-rule modifications, age and maturity, and integrated
influences on technical engagement.

Effects of game format on technical engagement

Manipulating SSG format, particularly through
adjustments in player numbers, clearly modifies the
frequency and nature of technical involvement. Across age
groups and competitive levels, reduced formats consistently
increased individual technical actions per player, suggesting
that fewer players per team enhance interaction density, ball
exposure, and repetition opportunities.

In youth categories, smaller formats appear especially
advantageous for promoting technical engagement. Greater
frequencies of ball touches, total and successful passes across
pitch zones, shots, and successful dribbles were observed in
8v8 compared with 11v11 among Ul2 players (Oh & Joo,
2018). Similarly, 3v3 substantially increased total technical
actions compared with 7v7 in U7 players, while 5v5 elicited
more technical actions than 7v7 in U9 (Bergmann et al.,
2022). Increased frequencies of received balls, conquered
balls, lost balls, and shots were also reported in 3v3
compared with 6v6 in young players (Clemente et al., 2018),
with very large reductions in technical actions per minute
observed when shifting from 3v3 to 6v6 (Clemente et al.,
2019). Overall, the findings indicate that reduced formats
in early developmental stages maximize direct involvement
and technical repetitions.

Comparable patterns were identified in adolescent
and adult players. Greater successful passes, ball contacts,
ball involvement, goals, and shots on target were recorded
in 3v3 relative to 5v5 (Alcantara et al., 2021). Highly
reduced formats such as 2v2 generated more successful and
unsuccessful passes, as well as more ball losses, compared
with 4v4, reflecting increased technical demand and risk
exposure (Wang et al., 2024). Moreover, possession-based
scoring conditions increased successful passes in both 2v2
and 4v4 compared with mini-goal and goalkeeper formats,
indicating that scoring structure interacts with player
number to shape technical output (Yilmaz & Soylu, 2024).

Conversely, increasing the number of opponents appears
to constrain offensive technical expression. A progressive
reduction in passes and ball-driving actions, accompanied
by an increase in defensive control behaviors, was observed
as opposition increased from 4v3 to 4v7 + GK (Torrents
et al., 2016). This pattern suggests that greater defensive
density restricts available time and space for offensive

execution. In symmetrical 4v4 formats, higher dribbling
frequency and greater collective success were observed
compared with configurations including neutral players
or goalkeepers (Sanchez-Sanchez et al., 2017). However,
introducing two neutral floaters (4v4+2) increased total
and successful passes compared with standard 4v4, while
dribbling and interceptions remained unchanged, indicating
that numerical superiority facilitates ball circulation rather
than individual penetration (Chootsungnoen et al., 2025a).

Opverall, reduced formats (e.g., 2v2, 3v3, 4v4) consistently
amplify individual technical involvement, whereas larger
formats or increased opposition density decrease per-player
technical frequency while potentially raising contextual and
tactical complexity. The inclusion of floaters or possession-
oriented constraints tends to promote passing behaviors,
whereas strictly balanced formats without external support
stimulate greater individual actions such as dribbling.

From a practical perspective, manipulating game format
constitutes a primary methodological lever for targeting
specific technical adaptations. Highly reduced formats
may be preferable when the objective is to maximize ball
contacts, shooting opportunities, and active involvement,
whereas slightly expanded formats may better approximate
competitive structures and collective organization demands.

Effects of spatial configuration and pitch
size on technical engagement

Manipulating spatial constraints—either through pitch
dimensions, relative space per player, or external markings—
demonstrably alters technical expression in SSGs. However,
unlike game format, the effects of spatial configuration
appear more context-dependent, varying according to age
group, relative area per player, and scoring structure.

Adjustments in pitch shape (length versus width)
modify the type of technical skills performed. Increasing
pitch width (30 x 40 m) led to more shots per player, whereas
increasing pitch length (40 x 30 m) favored a higher number
of completed passes per player, indicating that spatial
orientation influences offensive tendencies (Folgado et al.,
2019). Similarly, larger pitch dimensions promoted longer
periods of ball possession and fewer transitions, suggesting
greater stability in build-up play (Olthof et al., 2018). In line
with these findings, expanding pitch size increased overall
and forward passes in 7v7 + GK formats, reinforcing the
idea that greater longitudinal space facilitates ball circulation
and progression (Joo et al., 2016). Moreover, larger pitches
enhanced passing success in 3v3 formats, whereas smaller
areas reduced passing effectiveness and technical diversity
(Qiao et al., 2025).

Conversely, reduced playing areas appear to stimulate
more direct and individual technical behaviors. Smaller
pitches increased dribbling frequency and reduced passing
success, particularly in small-goal formats (Qiao et al., 2025).
In older youth players, smaller relative space per player
elicited more dribbles, crosses, and tackles, suggesting that
spatial restriction intensifies individual duels and technical
confrontation (Martone et al., 2017). Additionally, reduced
pitch dimensions were associated with a greater number
of passes performed by goalkeepers—both by hand and by
foot— indicating greater involvement in ball circulation
under spatial compression (Jara et al., 2018).
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Nonetheless, the relationship between area size and
technical output is not uniform across developmental stages.
Larger areas increased passing frequency in U1l players,
whereas U23 players performed more passes in smaller areas,
and minimal effects were observed in U15, highlighting
age-dependent adaptations to spatial constraints (Nunes
et al., 2021). Furthermore, modifications in external pitch
markings influenced offensive indicators, with complete
lines generating more offensive technical actions compared
with corner markers, although passing frequency decreased
under line conditions (Coutinho et al., 2020).

Collectively, these findings indicate that increasing
pitch dimensions tends to promote passing behaviors, ball
possession, and structured circulation, whereas reducing
space intensifies individual actions such as dribbling,
tackling, and goalkeeper involvement. However, the
magnitude and direction of these effects depend on relative
space per player, age category, and scoring structure. From
a practical perspective, spatial manipulation constitutes a
refined methodological tool: larger areas may be preferable
when the objective is to develop passing networks and
positional play, whereas smaller areas may be strategically
used to enhance technical confrontation, rapid decision-
making, and individual execution under pressure.

Effects of task-rule modifications on technical engagement

Beyond structural constraints such as format and pitch
size, specific task-rule manipulations substantially reshape
technical expression during SSGs. Modifications related
to scoring systems, instructional cues, environmental
conditions, encouragement, and touch limitations appear
to act as fine-tuning mechanisms that orient players toward
particular technical engaement.

Altering the objective of the task (e.g., maintaining
possession vs. progressing toward target) influences both
offensive efficacy and involvement patterns. Greater
offensive effectiveness in progression games was observed in
3v3 configurations, whereas possession-focused conditions
generated longer passing sequences and increased player
involvement; however, younger players experienced greater
difficulty maintaining possession in smaller configurations
(Machado, Ribeiro, et al., 2019). These findings indicate
that the nature of the task goal directly modulates passing
dynamics and shooting frequency.

Scoring structure also exerts a marked effect on technical
outputs. Two-goal formats promoted more successful
forward, backward, and penetrating passes, while four-
goal configurations increased sideways passes and turning
actions; additionally, shots and goals were most frequent
when a goal was positioned infield at each corner (Pulling
etal., 2016). Similarly, incorporating small goals and neutral
players extended the duration of offensive sequences and
increased overall possession compared with formats using
only a goalkeeper (Castellano et al., 2016). These results
suggest that diversifying scoring references modifies spatial
orientation and passing patterns.

Environmental and contextual manipulations further
affect execution quality. A greater number of successful
technical actions was achieved on artificial turf compared
with sand, whereas actions requiring ball elevation occurred
more frequently on sand, reflecting surface-induced

technical adaptations (Rago et al., 2018). Instructional
interventions also modulate performance: defensive
instructions increased ball recoveries and reduced occupied
space, whereas offensive instructions increased the number
of passes and expanded spatial occupation relative to no-
instruction conditions (Batista et al., 2019). In addition,
coach encouragement enhanced successful passes and
shots compared with non-encouragement conditions, with
moderate to very large effects (Soylu et al., 2024).

Finally, imposing touch restrictions modifies interaction
tempo and passing behavior. Limiting players to two or three
touches increased the total number of passes compared
with unrestricted play, whereas free play resulted in more
receptions; moreover, the shortest interval between first and
second touches consistently occurred in the offensive zone
regardless of the rule condition (Rosten et al., 2025). This
indicates that constraining ball contact frequency accelerates
circulation but may alter individual control opportunities.

Overall, task-rule manipulations operate as targeted
pedagogical levers capable of directing technical engagement
toward specific outcomes. While possession-oriented rules
and touch restrictions tend to stimulate passing frequency
and circulation speed, diversified scoring systems and
instructional cues modify spatial occupation, offensive
penetration, and shooting opportunities. For practitioners,
these findings highlight that subtle regulatory adjustments
can strategically refine technical demands without altering
the broader structural framework of the SSG.

Effects of age, technical level, and biological
maturity on technical engagement

Inter-individual differences related to age, technical
expertise, and biological maturation appear to substantially
mediate technical engagement during SSGs. Rather
than acting as simple background characteristics, these
developmental factors interact dynamically with task
constraints to shape the frequency, quality, and efficiency of
technical actions.

Higher technical proficiency is consistently associated
with greater offensive involvement and effectiveness.
Players with superior skill levels demonstrated increased
participation in attacking actions and enhanced execution
efficiency across different SSG formats (Machado, Barreira,
et al., 2019). Moreover, composite assessments of technical
proficiency indicate that dribbling combined with passing
actions constitutes a strong discriminator of overall technical
level, whereas physical performance shows no significant
association with global technical proficiency during SSGs
(Rowat et al., 2017). This reinforces the notion that technical
expression in constrained games is more closely linked
to perceptual-motor expertise than to purely physical
capacities.

Chronological age seems to influence players” responses
to rule modifications. Specifically, limiting ball contacts
through two- and one-touch constraints led to small-to-
moderate improvements in passing success across multiple
age categories, but also elevated unsuccessful technical
actions overall; younger players (U9-U13) adapted more
effectively to two-touch conditions than to stricter one-
touch constraints, whereas older players demonstrated
greater adaptability to more restrictive formats (Coutinho et
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al., 2022). These findings suggest that cognitive processing
speed, decision-making maturity, and accumulated training
experience likely underpin age-related differences in coping
with temporal constraints.

Biological maturation further influences technical
involvement and efficiency. More mature players executed
more technical actions in smaller SSG formats (4v4
compared with 6v6), and technical involvement generally
declined as team size increased; additionally, in maturity-
mismatched games, less biologically mature players
demonstrated a higher degree of variability in their technical
actions, particularly in smaller formats (King et al., 2025).
Complementary evidence indicates that post-PHV players
achieved higher percentages of successful passes, whereas
pre-PHV players recorded more interceptions in larger
SSGs; 4-a-side formats increased ball losses and reduced
duel frequency and passing success, while larger pitches
promoted greater ball possession and interception rates
(Cherni et al., 2025).

Collectively, these findings indicate that technical
engagement in SSGs is not uniformly distributed across
developmental stages. Instead, age, expertise, and maturation
status systematically modulate how players respond to
format size, pitch dimensions, and rule constraints. From an
applied perspective, these findings reinforce the pedagogical
value of developmentally aligned SSG design—such as bio-
banding, adapted touch limitations, and format selection—
to optimize technical engagement while accounting for
individual growth trajectories.

Integrated effects on technical engagement

Technical engagement in SSGs emerges from the
interaction between task design and players’ physiological
and psychological states. Manipulations related to recovery
duration, work-to-rest ratio, mental fatigue, and well-being
indices demonstrate differentiated effects on execution
quality.

Altering recovery time between bouts appears to have
limited influence on most technical variables. Extending
recovery increased successful tackles and reduced team
possession time, while other indicators remained stable,
suggesting a minimal overall impact of acute recovery
manipulation (McLean et al., 2016). Likewise, different
work-to-rest configurations produced few changes in
technical skills, except for fewer goals during continuous
play, indicating that scoring efficiency may be more sensitive
to accumulated fatigue than passing or possession metrics
(Christopher et al., 2016).

In contrast, mental fatigue consistently impairs technical
precision. Reduced passing and shooting accuracy, increased
control errors, and lower tackle success were observed under
cognitively fatigued conditions (Badin et al., 2016; Trecroci
et al.,, 2020). Similarly, higher perceived fatigue, greater
muscle soreness, and lower recovery quality were associated
with fewer successful technical actions and more ball losses
(Selmi et al., 2021).

Collectively, these integrated findings suggest that
while structural manipulations such as recovery intervals
or bout configuration may exert modest effects on technical
indicators, psychophysiological state—particularly mental
fatigue and perceived recovery—represents a more decisive

determinant of technical accuracy and efficiency. From an
applied perspective, optimizing recovery strategies and
monitoring well-being indices may therefore be essential
to preserve technical quality during SSG-based training
interventions.

Limitations, practical implications,
and future research directions

Several limitations must be considered. Marked
heterogeneity existed across studies regarding SSG formats,
pitch dimensions, rule constraints, workload structures,
and technical performance indicators, limiting direct
comparability. Sample sizes were often modest and restricted
to specific age categories or competitive levels, which
may reduce external validity. In addition, the operational
definitions of technical engagement varied considerably
across investigations. Restricting the search to English-
language publications may have introduced language bias,
potentially excluding relevant studies published in other
languages. Contextual variables such as prior training load
and seasonal timing were not consistently controlled and
may have influenced technical outcomes.

Technical engagement in SSGs, as a core component
of integrated training, is strongly modulated by task
constraints. Smaller formats and reduced team sizes generally
increase technical involvement, while pitch configuration
and scoring rules shape passing dynamics and shooting
behavior. Touch limitations can accelerate ball circulation
but may elevate error rates, particularly in younger players.
Furthermore, mental fatigue and inadequate recovery
negatively affect technical precision, highlighting the need
to monitor cognitive load and well-being during training.
Coaches should therefore structure SSGs coherently within
an integrated training framework, aligning task design with
players’ developmental stage, technical level, and targeted
performance objectives.

Future studies should seek greater standardization of
technical performance metrics to improve comparability.
Larger and more diverse samples, including female players
and multiple competitive standards, would enhance
generalizability. Longitudinal researchisneeded to determine
the long-term impact of specific SSG manipulations on
technical engagement. Additionally, integrating perceptual-
cognitive assessments and objective fatigue measures may
clarify the mechanisms underpinning technical adaptation
within constrained game environments.

Conclusion

This systematic review aimed to investigate how
different Small-Sided Game (SSG) task constraints influence
technical engagement in football players within the
framework of integrated training. The findings indicate that
technical expression is not an isolated outcome, but rather
emerges from the dynamic interaction between structural
constraints (e.g., format, pitch size, rules), individual
characteristics (e.g., age, technical level, biological maturity),
and psychophysiological factors (e.g., fatigue and recovery
status). Within an integrated training perspective, SSGs
represent an effective methodological tool to simultaneously
stimulate technical, tactical, physical, and cognitive
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components of performance. Smaller formats and adapted
rule constraints tend to increase technical involvement,
whereas contextual and recovery-related factors can
substantially influence execution quality and precision.
Opverall, the evidence supports the strategic use of SSGs as
an integrated training modality, provided that task design is
developmentally aligned and methodologically structured to
optimize technical outcomes while preserving the ecological
validity of game-based practice.
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TexHiyHa 3any4eHicTb B irpax y Manvx cknagax: Bnavs
obmexeHb 3aBAaHHA y PyTOONI — CMCTeMaTUYHNI OrNAk
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ABTOpPCHKMIT BKTAJ: A — am3aits gocnimpkenHs; B — 36ip ganux; C - crarananis; D - migroroska pykomucy; E — 36ip komtis

Pedepar. Crartst: 19 c., 5 Tabn., 1 puc., 59 mxepern.

Beryn. ¥ migrorosui ¢yr6omicTis irpu B Mmaymx cknagax (Small-Sided Games, SSGs) Imnpoko BUKOPUCTOBYIOTbCS 5K iHTe-
IpOBaHMII 3aCi6 OAHOYACHOTO PO3BUTKY TEXHIYHUX, TAKTUIHUX, (DISMIHUX | KOTHITMBHUX KOMIOHEHTIB CIOPTUBHOI [is/IbHOCTI.
ITpore cTyniHb BIVIMBY OKpeMUX 0OMeXXeHb 3aBiaHHs (task constraints) Ha TeXHIYHY 3a/Ty4eHICTb [OCI He MA€ y3arajbHEHOTO I
MOC/TiIOBHOTO BUCBIiT/IEHHS.

Mera. Lleit cucTeMaTHYHMIT OIJIA MaB HA METi JOCIIANTY, K Pi3Hi 0OMeXXeHH: 3aBIaHHA B irpaX y Ma/IMX CK/IafiaX BIUIMBA-
I0Th Ha TeXHIYHY 3a/Ty4eHicTb PyTOOMCTIB y Me)kaX iHTerpOBaHOI CUCTEMU TPEHYBaHHS.

Marepianu i Metopu. CrcTeMaTiyHMIL IIOIIYK B €/IEKTPOHHNUX 6asax AaHMX Oy/I0 IPOBeIeHO BifMOBITHO [0 3ara/JbHOIPUII-
HATUX PEKOMEHJALIil IIO/I0 MiATOTOBKM CUCTEMAaTUYHNMX OITIAMIB. Jlo aHamisy BKII0OYEHO 35 NOCIiKeHb, Y AKX BUBYa/IN BIUIB
¢dopmary SSG, posmipis irpoBoro maitaH4mKa, Mopudikaniit mpaBui, Biky, 6io0ridHOI 3pinoCTi Ta IXHBOrO KOMIIIEKCHOTO
BIUIMBY Ha TEXHIYHY 3a/7y4eHiCTb. MeTOROMOriYHy SIKiCTb JOCTiKeHb Oy/I0 OLiHEHO, @ OTPUMaHI Pe3y/nIbTaTi y3araabHEeHO 3a
TeMaTUYHUMH KaTeropiAMN.

PesynbraTtu. BcraHoB/IeHO, 110 MeHIIi pOpMaTH Ipy Ta 3MEHIeHa KiIbKiCTb IPaBIIiB CIPUSA/IN Ti/{BULIEHHIO TeXHIUHOI 3aTy-
YEHOCTI, TOJi AK PO3MipM irpoBOTo MalilaHYMKa Ta IPAaBIUIa 3apaXyBaHHs OYOK BIIMBA/IM Ha XapaKTep Mepefady, 4acToTy yaapiB
10 BOPOTAX i BOTOAIHHA M>sdeM. OOMe>KeHH: KiIbKOCTI JOTUKIB IIPMCKOPIOBAIO LMPKYJIALII0 M>54a, IPOTe HePiKo MPU3BOAUIO
110 301/IbIIEHHST KIIBKOCT] TEXHIYHMX IOMMIOK, 0COO/IMBO Y MOJIOALINX IPaBIiB. Bik, TexHiYHa MiAroToBNIEHICTD i piBeHb Hiomoriy-
HOI 3pi7I0CTi iCTOTHO BI/IMBA/IM Ha TeXHiuHY epeKTUBHICTH. [IcuxiuHa BTOMa Ta HEJOCTATHE BiTHOB/IEHHS CTabi/IbHO acoLil0BaI-
Cs1 31 3HVDKEHHSIM TOYHOCTI Ilepefiay, IOTipIIeHHsIM KOHTPOJIIO Mysida Ta 301IbIIEHHSIM Ki/IBKOCT ITOMMJIOK.

O6roBopenns. OTpyMaHi pe3y/IbTaTi y3rOKYOTHCS 3 HOIEPEFHIMY FOCTI/PKEHHSM, SIKi MiIKPECTIOTD POIb 0OMeXXeHb
3aBJlaHHA Y POPMYBaHHI CIIOPTUBHOI AisibHOCTI. HasBHI faHi MifTBEPAXYIOTH, 110 TEXHIYHA 3a/Ty4eHICTD B irpax y Majnx CKia-
Hax GOpMyeTbCA BHACIIIOK JMHAMIYHOI B3a€MOJil CTPYKTYPHUX, OHTOT€HEeTUYHMX i ICMXO]i3i0NOriYHNX YNHHMKIB.

BucHoBku. Irpu B Ma/nx ckIaiax € eeKTUBHIM IHTETPOBAHUM 3aCOO0OM TpPEeHYBaHH:A JIA MiIBUIIEHHS TeXHIYHOI 3aTyde-
HOCTI 3a YMOBU, 10 AM3aliH 3aBIAaHHA BilNOBi/jae 3aKOHOMIPHOCTSM BiKOBOTO PO3BUTKY CIIOPTCMEHIB i BpaXoBye 0COOMMBOCTI
TPeHYBa/IbHOTO KOHTEKCTY.

Kitro4oBi coBa: irpu B MajIix CK/Iafiax, TeXHIUHa 3a/Ty9eHiCTb, iHTerpoBaHe TPeHYBaHH:I, 0OMeXXeHH: 3aBJjaHHs1, GyTOOL.
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Abstract

Objectives. This study aimed to examine teacher trainers’ perceptions of initial Physical Education and Sport teacher
training within Moroccan Regional Centers for Education and Training Professions and to provide preliminary
evidence of the exploratory validity and internal consistency of a multidimensional evaluation grid.

Materials and Methods. A quantitative cross-sectional design was adopted. The sample included 125 Physical
Education and Sport teacher trainers from five Moroccan CRMEFs. An initial pool of 38 items was developed

based on institutional standards, the expected graduate profile, and the literature on teacher education and
professionalization. After expert review, the instrument was reduced to 30 items. Principal component analysis

with Varimax rotation was used as an exploratory procedure to examine the internal structure of the grid, while
Cronbach’s alpha was calculated to assess its internal consistency.

Results. The exploratory analysis suggested a four-factor structure corresponding to the theoretical dimensions of the
instrument: training program organization, pedagogical training practices, supervision and pedagogical support, and
internship—CRMEF field articulation. After item purification, the final version included 26 items. Internal consistency
was acceptable across all four dimensions. The final 26-item version showed acceptable preliminary psychometric
indicators, particularly regarding its exploratory factorial structure and internal consistency. Descriptive results
showed moderate perceived levels across all dimensions, with relatively higher scores for training organization and
pedagogical support and lower scores for internship and CRMEF-field articulation. ANOVA results indicated no
statistically significant differences between CRMEFs, with very small effect sizes.

Conclusion. The findings suggest relatively homogeneous perceptions among teacher trainers across the participating
CRMEFs. However, the study does not assess the objective effectiveness of teacher training or professional outcomes.
Rather, it provides preliminary exploratory evidence for an evaluation grid and highlights perceived weaknesses

in the articulation between institutional training and field-based internship. Further studies using larger samples,
confirmatory factor analysis, and multi-stakeholder data are needed.

Keywords: initial training, PES trainee teachers, construct validity, reliability, professional practices.

identified as a cornerstone of the new social contract for
education (UNESCO, 2021; OECD, 2020). It is crucial not
only for the acquisition of foundational competencies but,
more importantly, for preparing future teachers to cope with
the complexity of the profession. In this regard, internships
and practicum experiences play a central role: they allow
trainee teachers to develop a reflective and critical stance,

Introduction

Physical Education (PE), as a compulsory subject
across most schools at both primary and secondary levels,
has recently gained increased importance (Syaukani, et
al,. 2023). Initial teacher education is now recognized as
one of the major levers for reforming educational systems,

© Marzak, H., El Qryefy, M., El Faylali, H., & El Madhi, Y.,
2026.
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contributing to the shaping of their professional identity.
In Physical Education, such training provides them with
the scientific and pedagogical knowledge essential for their
teaching career (Almonacid-Fierroetal etal., 2021). Research
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consistently emphasizes that professionalization cannot be
reduced to the mere accumulation of theoretical knowledge;
rather, it results from a dynamic process of situated learning
and continuous regulation between theory and practice (Lave
& Wenger, 1991; Korthagen & Kessels, 1999). According
to Darling-Hammond (2017), the objective is to develop
effective practices capable of addressing the real challenges
of the classroom.

In this context, Physical Education and Sports (PES)
occupies a distinctive position. As an action-centered
discipline, it confronts novice teachers with the need
to master “core practices” within a dynamic and often
unpredictable environment (McDonald etal.,2013). Teachers
must simultaneously manage motor learning, safety issues,
student heterogeneity, and frequently significant material
constraints. The quality of pedagogical intervention therefore
depends critically on the training program’s ability to
integrate academic knowledge with field-based demands—a
coherence that is often difficult to achieve (Hammerness,
2006). In Morocco, the training provided by the Regional
Centers for Education and Training Professions (CRMEF)
aims to foster this professionalization process. However, a
gap persists between the intentions of the curriculum and
the reality of practicum experiences. This discrepancy is even
more critical in Physical Education (PE), where material and
institutional conditions may hinder the transfer of acquired
knowledge and skills into practice.

The mismatch between institutional prescriptions and
classroom realities is not without consequences. For trainee
teachers, the impact is immediate and often burdensome.
From the very first weeks of training, they face a mental
workload that goes beyond purely academic demands. In
Morocco, research confirms this sense of distress: future
teachers exhibit concerning levels of stress and burnout
well before their official appointment (Bouhaba et al., 2021,
2022). In practice, this translates into a persistent feeling
of inadequacy—the impression of never fully meeting
expectations, the difficulty of balancing coursework at the
CRMEF with the urgency of classroom demands, and the
feeling of being evaluated without having the real means
to adjust. Of course, this experience is not uniform.
As analyzed by Bouhaba et al. (2022), certain personal
or organizational factors may exacerbate the situation,
particularly when support lacks structure. In PE, where
everything is visible—safety management, group control,
performance—the ambiguity that sometimes surrounds
the roles of each actor (trainer, mentor, trainee) can further
fuel anxiety. Ignoring these perceptions would be a mistake.
According to Abdelmounaim et al. (2022), taking trainee
teachers’ lived experiences into account is an essential
step toward understanding the roots of these tensions and
preventing them from becoming an accepted norm within
teacher education.

Despite the recognized importance of initial teacher
education, a gap persists between training objectives and
actual teaching practices (Korthagen & Kessels, 1999;
Darling-Hammond, 2017). This misalignment reflects both
difficulties in translating competencies into practice and a
lack of validated tools to rigorously assess training processes.
Evaluating initial teacher education cannot be reduced to
a simple counting of instructional hours or a verification
of theoretical curricula. The issue is far more concrete:

does the program genuinely equip future teachers to face
the realities of the profession? Unfortunately, the Moroccan
context suffers from a methodological gap in this regard,
particularly in Physical Education (PE). In the absence of
more suitable tools, generic evaluation grids are often used,
which fail to capture the specific nature of motor activities or
the subtleties of modern mentoring practices (Ben-Amram
& Davidovitch, 2024). Yet, the scientific requirement is clear:
to be meaningful, any evaluation instrument must first
demonstrate its reliability and content validity (Carmines &
Zeller, 1979; Fabrigar et al., 1999).

This challenge, however, is not insurmountable. Recent
research conducted with Moroccan teachers has shown that
itis entirely possible to design measurement instruments that
are both robust and culturally appropriate (Abdelmounaim
et al., 2022). Achieving this requires grounding the process
in real-world practice by giving voice not only to teacher
educators but also to mentor teachers—key field actors
whose crucial role too often remains unclear (Baco et al.,
2023). This study focuses specifically on teacher trainers’
perceptions of initial Physical Education and Sport (PES)
teacher training within CRMEF institutions in Morocco,
using a multidimensional evaluation grid developed for
exploratory purposes. This approach is not intended to
measure the objective effectiveness of training, but rather to
provide training stakeholders with an initial, structured, and
contextually relevant tool for identifying perceived strengths
and areas for improvement.

Education plays a fundamental role in the development
of societies and constitutes a key lever for national progress
(Poonsri, 2008). Itrepresentsastructured process ofacquiring
and transmitting knowledge, skills, and values through
teaching, training, and research (Arifin, 2017). Universally
recognized as the cornerstone of progress and social
development, education relies largely on the commitment
and quality of the teaching workforce, whose role is decisive
in fulfilling this essential mission (Oulaydi et al., 2024). The
quality of teaching depends to a great extent on the various
forms of teachers’ knowledge, including specific subject-
matter knowledge, pedagogical content knowledge, and
psycho-pedagogical knowledge, all considered essential for
effective educational practice (Kunter et al., 2013; Oulaydi
et al,, 2025). In this regard, the quality of the educational
system largely depends on the quality of teacher education,
as teachers are central actors in the educational process.
Furthermore, preparing pre-service teachers to adapt to
educational systems during their training programs can help
them cope more effectively with the challenges they may
face during the early years of their careers (Filiz & Durnali,
2019).

Physical Education (PE), as an integral component
of the educational system, contributes to students’ overall
development—physically and motorically, as well as
cognitively, affectively, and socially (Kelmendi & Dedi,
2024). It also promotes the development of critical thinking,
reasoning, and social skills through engagement in physical
activities (Kelmendi & Dedi, 2024). Therefore, the training
of PE teachers is of particular importance, given the
specific knowledge and competencies mobilized within
this discipline. In this context, classroom management
represents a significant challenge for Physical Education
teachers. Physical education teachers, like all educators, are
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frequently confronted with students’ problematic behaviors.
However, many of them report difficulties in creating a
learning environment that not only supports effective
learning but also promotes cooperation and self-regulation
among students (Buchanan & Hinton, 2018).

The teaching profession requires the mobilization of
multiple resources—cognitive, affective, and motor—to cope
with complex and diverse pedagogical situations (Zahir,
2019). However, students entering initial teacher education
programs bring with them pre-existing beliefs about the
profession, constructed throughout their academic and
social trajectories (Tsangaridou, 2006). These representations
influence their approaches to teaching and must therefore
be taken into account in teacher education programs. The
work of Rayou and Ria (2009) highlights that entry into
the teaching profession requires training grounded in
authentic, field-based situations. According to these authors,
professional learning relies on the trainee’s ability to analyze
and manage critical situations by developing contextualized
responses. They also emphasize the importance of dialogic
support that fosters the verbalization of action and reflective
practice. Thus, alternation should not be conceived as a
simple juxtaposition of theory and practice, but rather as
a dynamic process of reflective articulation between the
two training environments (Rayou & Ria, 2009). From
this perspective, training programs that incorporate field
placements constitute a central component of educational
systems. In Morocco, trainee teachers engage in various
practical activities within schools. However, some studies
point out that the contribution of host institutions to trainees’
professional development sometimes remains limited,
raising questions about the coherence of the training-field
articulation (Bouabdallah, 2021).

In Morocco, teacher education is provided by the
Regional Centers for Education and Training Professions
(CRMEF). Candidates admitted through a competitive
examination receive qualifying, professionally oriented
training focused on the practice of teaching through real-
life professional situations in schools (high schools, middle
schools, and primary schools) (Zahir, 2019). This training
is based on the “Practice-Theory-Practice” paradigm,
organized through a modular system and centered on the
competency-based approach and educational research. The
perceived quality of initial teacher education is an important
indicator for understanding how teacher training systems
are evaluated by training actors and how they may support
trainee teachers’ professional preparation. Furthermore,
the evolving role of the teacher in guiding teaching and
learning processes, with an emphasis on placing the learner
at the center, requires the implementation of contemporary
teaching methods and strategies that align with the rapid
transformations in the educational system (El Qryefy et al.,
2024b).

More specifically, the training of Physical Education
(PE) teachers within the CRMEF is structured around
four complementary modules: planning of learning,
management of learning, assessment of learning, and an
additional module focusing on the technical, tactical, and
regulatory aspects of physical and sports activities (Zahir,
2019). Together, these components aim at the progressive
development of the professional competencies required for
effective teaching practice. In this context, examining the

perceived quality of initial teacher training emerges as a
central issue. Examining the alignment between training
objectives, support mechanisms, and the practices actually
implemented makes it possible to evaluate the level of
professionalization achieved and to identify areas for
improving the initial teacher education system in Physical
Education (PE) in Morocco. To our knowledge, there is
currently no specific tool designed to systematically and
structurally examine teacher trainers’ perceptions of the
quality of initial training of Physical Education and Sport
(PES) trainee teachers within the CRMEF in Morocco.
From this perspective, the present study is of particular
importance, as it aims to develop and explore the validity of
an evaluation grid for examining the perceived quality of this
training from the perspective of teacher trainers. This grid
is structured around four complementary dimensions: the
organization of the training program, pedagogical training
practices, supervision and pedagogical support, and the
articulation between the CRMEF and the field internship.

The objectives of this study are to examine teacher
trainers’ perceptions of initial Physical Education and
Sport (PES) teacher training across different CRMEFs
using a structured evaluation grid. First, the study aims to
explore the construct structure of the instrument through
exploratory factor analysis (EFA). It also seeks to assess the
internal consistency of the instrument and to examine the
relevance and clarity of its items in relation to the theoretical
framework of initial teacher education. Finally, the study
aims to investigate inter- and intra-CRMEF differences
in teacher trainers’ perceptions of training across the four
dimensions of the evaluation grid.

Materials and Methods

This research adopts a quantitative cross-sectional
approach aimed at examining teacher trainers’ perceptions of
initial Physical Education and Sport (PES) teacher training.
First, a preliminary study was conducted to develop and
explore the psychometric properties of an evaluation grid
for this training program. This study is based on exploratory
factor analysis and reliability assessment, with the aim of
examining the preliminary structural coherence and internal
consistency of the proposed instrument.

It is important to note that the present study does
not assess the objective effectiveness of initial teacher
training or the actual professional performance of trainee
teachers. The data reflect teacher trainers’ perceptions of
the organization, pedagogical practices, supervision, and
internship articulation within the training system. Therefore,
the findings should be interpreted as perceived indicators of
training quality rather than direct evidence of professional
training effectiveness.

Measurement Instrument

Initial Development of the Evaluation Grid

This tool aims to examine, in a comprehensive and
multidimensional way, teacher trainers’ perceptions of initial
teacher education, particularly in Physical Education and
Sport (PES), within the CRMEE. The instrument allows for
the examination of teacher trainers’ perceptions regarding:
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o The organization and coherence of the training
system in terms of structure, planning, and alignment
with institutional standards.

« The pedagogical practices of the training, including
teaching methods, proposed learning situations, and
the use of pedagogical and digital tools.

o The supervision and mentoring of trainees, including
monitoring, feedback, and support for professional
development.

« The articulation between training at the CRMEF and
field-based practicum, as well as coordination with
host institutions.

The development of the grid began with an initial pool

of 38 items, designed based on:

« Institutional standards for initial PE teacher training
at the CRMEE,

o The expected graduate profile of trainee teachers, and

o A review of the scientific literature on initial
teacher education, teacher professionalization, and
evaluation of training programs (Darling-Hammond,
2017; Zeichner, 2016).

Content Validation of the Grid

The content validity of the initial version of the evaluation
grid was examined using a panel of six experts, composed
of CRMEF teacher educators, Physical Education (PE)
inspectors, and university researchers specialized in teacher
education. This approach follows established methodological
recommendations for content validation in the development
of measurement instruments in educational sciences (Lynn,
1986; Boateng et al., 2018). Each expert was asked to
evaluate the items according to several criteria, including
relevance, clarity of wording, and representativeness with
respect to the targeted theoretical dimensions. Feedback
from the experts allowed the identification of items with
redundancies, conceptual ambiguities, or insufficient
operational precision. At the end of this expert review, 8
items were removed, resulting in a revised version of the
grid comprising 30 items. Furthermore, some formulations
were reworded and adjusted to improve readability, internal
coherence, and overall clarity of the instrument. The item
reduction process leading to the final version of the grid is
presented in Table 1.

Table 1. Item Reduction Process (Instrument Development)

Participants

The study was conducted with 125 Physical Education
and Sport (PES) teacher educators working in five Regional
Centers for Education and Training Professions (CRMEF)
in Morocco. These educators were selected due to their
proven experience in supervising trainee teachers and their
direct involvement in initial teacher education. During
the teaching practicum, they observed the pedagogical
practices of trainee teachers in real classroom settings. Their
contribution helped enrich the analysis of teaching practices
in initial teacher education, taking into account institutional
requirements as well as the realities of school contexts. The
sample consisted of 45 women and 80 men, with a mean age
of 43.52 years (SD = 1.09; min = 27; max = 62).

Data Collection Procedure

The revised 30-item version of the observation grid was
administered to teacher trainers usinga five-point Likert scale
ranging from 1 (“strongly disagree”) to 5 (“strongly agree”).
Participants had prior knowledge of the study and took
part voluntarily. The main objective of this data collection
phase was to assess the feasibility of the instrument, verify
the clarity and comprehensibility of the items, and produce
descriptive and inferential results in order to examine
teacher trainers’ perceptions of initial Physical Education
and Sport (PES) teacher training within the CRMEFs. After
the exploratory factor analysis and item purification process,
the final retained version of the grid consisted of 26 items.

Statistical Analyses

Data were entered, coded, and analyzed using SPSS
software, version 26. The reliability of the scale was assessed
using Cronbach’s alpha coefficient to examine the internal
consistency of the items and their homogeneity within each
dimension of the grid. The factorial structure of the grid
was examined through exploratory factor analysis (EFA)
in order to explore its internal structure and assess the
appropriateness of item grouping within the underlying
factors. Descriptive analyses, including means and standard
deviations, were conducted to describe teacher trainers’
perceptions across the evaluated dimensions. In addition,

Process Step Objective Method Number of Items

Initial item pool development Cover all theoretical dimensions of Analysis of institutional standards, 38
initial PE teacher education literature review, authors’ expertise

Evaluation of item relevance Verify the alignment of items with the ~ Expert judgment (relevance, clarity, 38
targeted dimensions representativeness)

Removal of redundant or Improve conceptual coherence and Qualitative analysis of expert 8 removed

imprecise items readability of the grid feedback

Item adjustment and rewording ~ Strengthen the operational precision of ~Linguistic and conceptual revision 30
retained items

Revised version administered to  Obtain a coherent instrument for Research team consensus after 30

participants empirical testing expert review

Final retained version after PCA  Retain items with acceptable factorial ~ Removal of items with low loadings 26

purification structure

or cross-loadings
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a one-way analysis of variance (ANOVA) was performed to
examine differences in perceived training quality across the
five CRMEFs included in the study.

Results

In this section of the results, the findings related first to
construct validity and the reliability of the evaluation grid are
presented, in order to examine its psychometric properties.
In addition, descriptive and inferential statistical analyses
were conducted to examine teacher trainers’ perceptions of
initial Physical Education and Sport (PES) teacher training
across the different dimensions of the grid.

Results of the Validation of the Evaluation Grid

Exploratory Factor Analysis

An exploratory factor analysis (EFA) was conducted to
examine the initial structural coherence of the evaluation
grid. First, the data adequacy indices for factor analysis were
verified. The corresponding results are presented in Table 2.

Table 2. Data Adequacy Indices for Factor Analysis

Index Value
KMO Index

Bartlett’s Test (x°, p)

0.69
X*=879.463 , p < 0.001

The results presented in Table 2 show that the Kaiser-
Meyer-Olkin (KMO) coefficient is above 0.60, a threshold
considered acceptable according to the recommendations of
Cohen et al. (2013). This value indicates that the sample size
is adequate for conducting a factor analysis. Furthermore,
Bartlett’s test of sphericity (x*) is statistically significant
(p < 0.001), allowing us to reject the null hypothesis that
the correlation matrix is an identity matrix (El Qryefy
et al., 2024a). Taken together, these results confirm the
appropriateness and feasibility of the data for performing an
exploratory factor analysis.

A principal component analysis (PCA) with Varimax
orthogonal rotation was conducted to examine the internal
structure of the evaluation grid. Factor selection was based on
the Kaiser criterion, retaining components with eigenvalues
greater than 1. According to the criteria established by Hair
et al. (2010), a factor loading above 0.50 for each item is
considered significant and validates the relevance of the
questionnaire. Items with factor loadings equal to or greater
than 0.50 were therefore deemed acceptable and retained.
Conversely, items with factor loadings below 0.30 were
automatically removed by SPSS due to their low contribution
to the identified factors.

Table 3. Variance Explained by the Extracted Factors

Factors Explained Variance (%)
Factor 1 26.8
Factor 2 18.5
Factor 3 12.1
Factor 4 9.3
Cumulative Variance 66.7

The results presented in Table 3 indicate that the
principal component analysis (PCA) extracted four factors,
consistent with the number of dimensions initially retained
during the construction of the teacher practices evaluation
grid. These four factors explain a total cumulative variance
of 66.7%, reflecting a satisfactory level of information
retention. This percentage is considered acceptable and
adequate for this type of factor analysis, in accordance with
the methodological recommendations of Gorsuch (2013),
who suggests that an explained variance rate above 60% is
generally sufficient in research within the social and human
sciences.

Table 4. Factors Extracted by Principal Component
Analysis (PCA) (N = 125)

Factors

F1 F2 F3 F4
0.915
0.882
0.819
0.801
0.769
0.754
0.747
0.728

Items

Item 24
Item 20
Item 6

Item 11
Item 3

Item 19
Item 27
Item 12 0.311
Item 17
Item 30
Ttem 22
Item 16

0.863
0.823
0.778
0.735
0.718
0.698
0.636

0.350
Item 4
Item 9
Item 14
Item 18
Item 25
Item 5

0.843
0.791
0.772
0.731
0.633
0.598
0.524
0.461

Item 13
Item 15 0.437
Item 21 0.410
Item 8
Item 2 0.367
0.782
0.759
0.721
0.638
0.573
0.546

0.489

Item 10
Item 28
Item 7
Item 23
Item 1
Item 26

Item 29 0.346

The results presented in Table 4 show that the majority
of items exhibit high factor loadings on their theoretically
expected factor, confirming the coherence of the factorial
structure of the evaluation grid. However, items 12 and 15
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showed high loadings (> 0.50) on factors other than those
theoretically expected, suggesting a mismatch between
the observed results and the factor to which they were
theoretically associated. Furthermore, items 2 and 29 showed
factor loadings below the threshold of 0.50, indicating an
insufficient contribution to the dimensions to which they
were associated. Following the recommendations of Hair et
al. (2010), these four items were removed in order to improve
the stability and theoretical coherence of the factorial
structure. Their removal within the grid purification process
also contributed to strengthening the overall psychometric
properties of the instrument.

Following this purification procedure via principal
component analysis (PCA), the final version of the scale
consists of 26 items, coherently distributed across the
retained dimensions:

« Factor 1: Organization of the program (7 items).

o Factor 2: Pedagogical training practices (7 items).

o Factor 3: Supervision and pedagogical support (6

items).

o Factor 4: Internship and CRMEF-field articulation

(6 items).

The final 26-item version showed acceptable preliminary
psychometric indicators, particularly regarding exploratory
factorial structure and internal consistency. However, this
validation should be considered preliminary, as confirmatory
factor analysis, test-retest reliability, convergent validity, and
discriminant validity were not examined.

Reliability of the Grid

The internal consistency of the grid was assessed using
Cronbach’s alpha coefficients, calculated for each identified
dimension as well as for the entire instrument, which comprises
26 items after the purification phase conducted through PCA.
This procedure aims to verify the degree of item homogeneity
and their ability to reliably measure the underlying theoretical
constructs. The results, presented in Table 5, demonstrate the
level of internal reliability for each dimension as well as the
overall robustness of the evaluation tool.

Table 5. Reliability of the Evaluation Grid

Number Cronbach’s

Dimension of Items  Alpha
Organization of the Training Program 7 0.85
Pedagogical Training Practices 7 0.81
Supervision and Pedagogical Support 6 0.73
Internship and CRMEF-Field Articulation 6 0.76
Overall Grid 26 0.79

Note. CRMEF = Regional Center for Education and Training
Professions (Centre Régional des Métiers de 'Education et de la
Formation)

As shown in the results presented in Table 5, all
dimensions of the observation grid, as well as the instrument
as a whole, demonstrate satisfactory levels of reliability. The
internal consistency coeflicients for each dimension exceed
the recommended threshold of 0.70 (Nunnally, 1994),
indicating good item homogeneity and acceptable reliability
of the measurement tool. These results support the internal

consistency of the adopted structure and suggest that the
grid may be used as an initial tool for examining teacher
trainers’ perceptions of initial PES teacher training. However,
its use should remain cautious until further psychometric
validation is conducted.

Teacher Trainers’ Perceptions of Initial PES
Teacher Training in Moroccan CRMEFs

Normality of Each Dimension of the Evaluation Grid

The results presented in Table 6 show that teacher trainers’
perceptions regarding the different dimensions of the initial
teacher training evaluation grid are generally moderate. The
dimension “Organization of the Training Program” records the
highest mean score (M = 3.13; SD = 0.81), indicating a relatively
positive assessment of the structuring and planning of the initial
training program. Similarly, the dimension “Supervision and
Pedagogical Support” also obtains a relatively high score (M
= 3.09; SD = 0.84), suggesting that teacher trainers perceived
the mentoring and support provided during training relatively
positively. In contrast, the dimension “Pedagogical Training
Practices” (M = 2.97; SD = 0.81) and especially “Internship
and CRMEF-Field Articulation” (M = 2.79; SD = 0.71)
show the lowest mean scores. These results reveal perceived
shortcomings, particularly regarding training practices and the
coordination between theoretical training within the CRMEF
and field-based experiences. These aspects therefore represent
priority areas for institutional improvement, particularly in
strengthening the perceived coherence between initial training
and field-based professional preparation.

Regarding data distribution, it can be considered normal
when skewness and kurtosis values remain between -2 and
+2, according to the recommendations of Kline (2023). The
skewness coefficients range from -0.345 to -0.580, while the
kurtosis coefficients range from -0.289 to -0.701. These values
indicate that the distributions of the different dimensions of
the scale are normal. Thus, based on these methodological
recommendations, the results obtained in this study meet the
conditions of approximate normality, which statistically justifies
the use of parametric tests for subsequent inferential analyses.

Table 6. Overall Means and Normality Assessment of the
Dimensions of the Evaluation Grid

Dimensions Mean SD  Skewness Kurtosis
Organization of the 3.1291 0.81772  -0.345 -0.289
Training Program
Pedagogical Training 2.9742 0.80856  -0.343 -0.701
Practices
Supervision and 3.0920 0.84387  -0.580 -0.497
Pedagogical Support
Internship and CRMEF- 2.7968 0.71791  -0.352 -0.579
Field Articulation

Descriptive Analysis Results of the Mean Scores of the
Dimensions of the Grid across the Five CRMEFs

Table 7 presents the descriptive statistics of the four
dimensions of the evaluation grid of the initial training of
Physical Education and Sports (PES) trainee teachers, as
assessed by teacher trainers working in five Regional Centers
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for Education and Training Professions (CRMEF) in Morocco.
The results show that teacher trainers’ perceptions of initial
training are generally moderate across all the CRMEFs studied,
with relatively limited differences between centers. Regarding
the dimension “Organization of the Training Program,” the
means range from 2.90 to 3.33. CRMEF3 records the highest
mean score (M =3.33; SD = 0.67), reflecting a relatively positive
perception of the organization and structuring of the training
program. In contrast, CRMEF4 shows the lowest mean score
(M =2.90; SD = 0.86), indicating a more reserved perception
of this dimension among teacher trainers. For the dimension
“Pedagogical Training Practices,” the results reveal relatively
close mean values across the different centers, ranging from
2.89 to 3.13. CRMEF5 obtains the highest mean (M = 3.13;
SD = 0.80), while CRMEF2 shows the lowest mean (M = 2.89;
SD = 0.85). This similarity in scores suggests that pedagogical
practices implemented across the CRMEFs are perceived in a
relatively homogeneous way by teacher trainers.

Regarding the dimension “Supervision and Pedagogical
Support,” the observed means range from 2.98 to 3.24.
CRMEF5 shows the highest mean score (M = 3.24; SD =
0.88), indicating a more positive perception of pedagogical
support and mentoring provided during initial training. In
contrast, CRMEF]1 records the lowest mean (M = 2.98; SD
= 0.80). Finally, the dimension “Internship and CRMEF-
Field Articulation” records the lowest scores among all
four dimensions, with means ranging from 2.74 to 2.91.
CRMEF5 shows the highest mean (M = 2.91; SD = 0.65),
while CRMEF2 presents the lowest (M = 2.74; SD = 0.65).

Overall, the relatively similar standard deviations indicate
a moderate dispersion of responses among teacher trainers
across the different centers. The 95% confidence intervals
also indicate acceptable stability of the estimated means.
In general, the dimensions related to program organization
and pedagogical support show relatively higher mean
scores compared to the “Internship and CRMEF-Field
Articulation” dimension, which records the lowest scores
across the CRMEFs.

Analysis of Inter- and Intra-CRMEF Differences
in Perceived Initial Training Quality of
Physical Education and Sport Teachers

Levene’s test (Table 8) was conducted to verify the
assumption of homogeneity of variances prior to performing
the one-way analysis of variance (ANOVA). This condition
represents one of the key statistical assumptions required for
the application of parametric comparative tests (Field, 2018).
The results show that the significance values associated with
Levene’s test are above the critical threshold of 0.05 for all
studied dimensions: “Organization of the Training Program”
(p = 0.465), “Pedagogical Training Practices” (p = 0.887),
“Supervision and Pedagogical Support” (p = 0.930), and
“Internship and CRMEF-Field Articulation” (p = 0.262).

These findings indicate that there are no statistically
significant differences between the variances of the groups
corresponding to the different Moroccan CRMEFs.
Consequently, the assumption of homoscedasticity is

Table 7. Descriptive Statistics of the Evaluation Grid Dimensions across the Five CRMEFs

Dimemons  CRMEE N wen  Sone Sad SSGwer 950 (s
Organization of the Training CRMEF1 27 3.0370 0.82408 0.15859 2.7110 3.3630
Program CRMEF2 21  3.1293 0.88399 0.19290 2.7269 3.5316

CRMEF3 30  3.3333 0.67146 0.12259 3.0826 3.5841
CRMEF4 27 29048 0.86080 0.16566 2.5642 3.2453
CRMEF5 20  3.2500 0.86323 0.19302 2.8460 3.6540
Pedagogical Training Practices CRMEF1 27 2.9365 0.83142 0.16001 2.6076 3.2654
CRMEF2 21  2.8980 0.85731 0.18708 2.5077 3.2882
CRMEF3 30  2.9924 0.74528 0.13607 2.7141 3.2707
CRMEF4 27 29365 0.85928 0.16537 2.5966 3.2764
CRMEF5 20  3.1286 0.80799 0.18067 2.7504 3.5067
Supervision and Pedagogical CRMEF1 27 2.9877 0.80454 0.15483 2.6694 3.3059
Support CRMEF2 21  3.1508 0.88961 0.19413 2.7458 3.5557
CRMEF3 30  3.0444 0.86318 0.15759 2.7221 3.3668
CRMEF4 27  3.0926 0.83760 0.16120 2.7613 3.4239
CRMEF5 20  3.2417 0.88601 0.19812 2.8270 3.6563
Internship and CRMEF-Field CRMEF1 27  2.8148 0.81954 0.15772 2.4906 3.1390
Articulation CRMEF2 21 27381 0.65738 0.14345 2.4389 3.0373
CRMEF3 30  2.7756 0.67250 0.12278 2.5244 3.0267
CRMEF4 27  2.7654 0.79024 0.15208 2.4528 3.0780
CRMEF5 20  2.9083 0.65220 0.14584 2.6031 3.2136

Note. CRMEF = Regional Center for Education and Training Professions
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satisfied for all four dimensions of the evaluation grid.
Furthermore, the low values of the Levene statistic reflect
a relative homogeneity in the dispersion of responses
provided by teacher trainers across the different centers.
This statistical homogeneity strengthens the reliability of
subsequent comparisons performed using ANOVA. Thus,
the methodological conditions required for conducting one-
way analysis of variance are met, allowing the ANOVA results
to be interpreted under appropriate statistical conditions.

Table 8. Levene’s Test of Homogeneity of Variances for the
Dimensions of Evaluation Grid

. . Levene L.
Dimensions Statistic dfl df2 Significance

Organization of the Training ~ 0.903 4 120 0.465
Program

Pedagogical Training Practices 0.285 4 120 0.887
Supervision and Pedagogical ~ 0.215 4 120 0.930
Support

Internship and CRMEF-Field 1.331 4 120 0.262
Articulation

Table 9 presents the results of a one-way analysis of
variance (ANOVA) conducted to examine the existence
of possible statistically significant differences between the
different Moroccan CRMEFs regarding the dimensions of the
evaluation grid of the initial training of Physical Education
and Sports (PES) trainee teachers. In addition to the statistical
analysis, effect size coefficients (n?) were calculated in order
to assess the practical significance of the observed differences
between groups. The results show that all significance values
associated with the different dimensions are higher than the
0.05 threshold. Thus, no statistically significant differences
were found between the five CRMEFs for the dimension
“Organization of the Training Program” (F = 1.177; p = 0.324),
for “Pedagogical Training Practices” (F = 0.256; p = 0.906), for
“Supervision and Pedagogical Support” (F = 0.303; p = 0.876),
nor for “Internship and CRMEF-Field Articulation” (F = 0.175;
p=0951).

The absence of statistically significant differences
between CRMEFs should be interpreted cautiously. These

results indicate that teacher trainers’ perceptions were
relatively similar across the five participating centers,
but they do not demonstrate that the objective quality or
effectiveness of training is equivalent across all Moroccan
CRMEFs. The observed differences between the mean scores
of the centers remained small and did not allow for the
conclusion that statistically significant differences existed
between the studied institutions.

Moreover, the analysis of effect size coefficients (n?)
revealed very small values for all studied dimensions.
According to Cohen’s (1988) criteria, an n* value below 0.01
corresponds to a very small effect, around 0.06 to a medium
effect, and above 0.14 to a large effect. The dimension
“Organization of the Training Program” presented the highest
effect size coeflicient (n* = 0.038), although it still indicated
a small effect. This means that only 3.8% of the variance
observed in this dimension was explained by belonging to
different CRMEFs. The other dimensions showed very small
effect sizes: “Pedagogical Training Practices” (n* = 0.008),
“Supervision and Pedagogical Support” (n* = 0.010), and
“Internship and CRMEF-Field Articulation” (n* = 0.006).
These results suggest that the effect of the “CRMEF” factor
on teacher trainers’ perceptions was practically limited.

Furthermore, the low F-values indicate that inter-group
variability was lower than intra-group variability. This
suggests that individual differences among teacher trainers
within the same center may be greater than the overall
differences between CRMEFs. Therefore, the findings
should be understood as evidence of perceived homogeneity
within the present sample, rather than as proof of equivalent
training effectiveness across institutions. This relative
similarity in perceptions may be partly explained by the
existence of common national frameworks, standardized
training programs, and similar institutional guidelines
governing initial teacher training at the national level.

Discussion

The present study aimed to examine teacher trainers’
perceptions of initial Physical Education and Sport (PES)
teacher training within Moroccan Regional Centers for
Education and Training Professions (CRMEFs), while

Table 9. One-Way ANOVA of the Dimensions of Evaluation Grid

Dimensions Source of Variation Sum of Squares df  Mean Square F Sig. n’

Organization of the Training Between Groups 3.131 4 0.783

Program Within Groups 79.784 120 0.665 1.177 0.324 0.038
Total 82.915 124 -

Pedagogical Training Practices ~Between Groups 0.685 4 0.171
Within Groups 80.382 120 0.670 0.256 0.906 0.008
Total 81.067 124 -

Supervision and Pedagogical Between Groups 0.882 4 0.221

Support Within Groups 87.421 120 0.729 0.303 0.876 0.010
Total 88.303 124 -

Internship and CRMEF-Field ~ Between Groups 0.370 4 0.093

Articulation Within Groups 63540 120 0.529 0.175 0.951 0.006
Total 63.910 124 -

718



Marzak, H., El Qryefy, M., El Faylali, H., & El Madhi, Y. (2026). Trainers’ Perceptions of Initial Physical Education Teacher Training within
Moroccan CRMEFs: Preliminary Development and Exploratory Validation of an Evaluation Grid.

developing and testing a multidimensional evaluation grid.
The study was structured around four dimensions: training
program organization, pedagogical training practices,
supervision and pedagogical support, and internship-
CRMEEF field articulation. Importantly, the findings should
be interpreted as reflecting teacher trainers’ perceptions
rather than as objective measures of training effectiveness or
trainee teachers’ competencies.

From a psychometric perspective, the exploratory
analysis suggested a four-factor structure corresponding
to the theoretical dimensions initially proposed during the
development of the evaluation grid. After item purification,
the final version included 26 items distributed across the four
retained dimensions. The internal consistency coefficients
were acceptable, indicating satisfactory homogeneity of
the items within each dimension. These results support
the use of the grid as an initial tool for examining teacher
trainers’ perceptions of PES teacher training, while further
validation remains necessary. It is important to emphasize
that the present findings provide only preliminary evidence
regarding the psychometric properties of the evaluation
grid. Although the exploratory factor analysis and internal
consistency results are encouraging, they represent an initial
stage in the validation process rather than definitive evidence
of construct validity. Consequently, the instrument should
currently be considered a promising exploratory measure
of teacher trainers’ perceptions rather than a fully validated
assessment tool.

However, the psychometric results should be interpreted
with caution. The present study relied on an exploratory
approach and did not include confirmatory factor analysis,
test-retest reliability, convergent validity, or discriminant
validity. Therefore, the instrument cannot yet be considered
tully validated. Rather, it should be viewed as an initial
evaluation grid requiring further testing with larger and
independent samples. Future studies should confirm the
factorial structure through confirmatory factor analysis and
examine whether the instrument produces stable and valid
results across different populations, training contexts, and
educational specializations. This cautious interpretation is
consistent with methodological recommendations for scale
development, which emphasize that exploratory factor
analysis and internal consistency represent important but
incomplete stages in the validation process (Fabrigar et al.,
1999; Worthington & Whittaker, 2006; Boateng et al., 2018).

The descriptive findings showed that teacher trainers’
perceptions of initial PES teacher training were generally
moderate across the four dimensions. This suggests
that teacher trainers generally hold moderately positive
perceptions of the training system, while also identifying
areas requiring improvement. The dimensions related
to training program organization and supervision and
pedagogical support obtained relatively higher scores. This
may reflect the existence of formal institutional frameworks,
centralized training programs, and common pedagogical
guidelines within Moroccan CRMEFs. In this sense, the
organization of the training program appears to be perceived
as relatively structured by teacher trainers. However,
this perception should not be confused with evidence of
objective institutional performance. It reflects how trainers
evaluate the organization and functioning of the training
system based on their professional experience.

The relatively positive perception of supervision and
pedagogical support may also be explained by the central
role played by CRMEF trainers in accompanying trainee
teachers during their professional preparation. Supervision,
feedback, and pedagogical guidance are essential elements in
teacher education because they contribute to the progressive
construction of professional competencies. Previous
research has emphasized that mentoring and pedagogical
support are key mechanisms for helping trainee teachers
connect theoretical knowledge with professional practice
(Darling-Hammond, 2017; Baco et al., 2023). In PES teacher
education, this support is particularly important because
trainee teachers must learn to manage complex teaching
situations involving motor learning, safety, equipment, space
organization, and student heterogeneity.

In contrast, the lowest scores were observed in
the dimension related to internship and CRMEF-field
articulation. This result represents one of the most important
findings of the study. It suggests that the main perceived
weakness of initial PES teacher training lies not in the formal
structure of the program, but in the connection between
institutional training and real school-based practice. This
weakness may be explained by several mechanisms. First,
the alternation between CRMEF-based training and field-
based internships may remain insufficiently integrated,
causing theoretical courses, practical training activities, and
internship experiences to operate as parallel rather than
complementary components of professional preparation.
Second, coordination among CRMEEF trainers, mentor
teachers, inspectors, and host schools may not always be
sufficiently structured, which can lead to fragmented
or inconsistent feedback for trainee teachers. Finally, the
alignment between training content and the realities of school
practice may be limited, reducing the perceived coherence
of the professionalization process. Similar challenges
have been reported in teacher education programs where
institutional training and school-based experiences are not
fully integrated.

Third, the specific nature of Physical Education may
reinforce these difficulties. Unlike some classroom-based
subjects, PES teaching requires immediate management
of movement, space, safety, group dynamics, equipment,
and differentiated motor abilities. Therefore, the transfer
of theoretical knowledge into practice is particularly
demanding. A trainee teacher may understand pedagogical
principles at the CRMEF but still struggle to apply them
in real teaching situations where time pressure, student
behavior, and material constraints are present. This supports
the idea that professionalization cannot be reduced to the
acquisition of theoretical knowledge; it requires situated
learning, guided practice, reflective feedback, and strong
articulation between training institutions and school
contexts (Korthagen & Kessels, 1999; Lave & Wenger, 1991).

These findings are consistent with previous studies
highlighting the importance of practicum quality and
institutional coordination in teacher education. Tamani
et al. (2021), for example, identified several dysfunctions
in qualifying teacher training within CRMEFs, including
insufficient training time, weak communication between
training actors, and limited pedagogical support during
internship periods. Similarly, Greve et al. (2020) showed
that field experience alone does not automatically improve
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teaching performance in Physical Education; its impact
depends on the quality of supervision, feedback, and
reflective support provided during the practicum. Thus,
the low scores observed in the internship-CRMEF field
articulation dimension should not be interpreted simply as a
logistical problem. They reveal a deeper issue related to the
coherence of the professionalization process.

The inferential results showed no statistically significant
differences between the five CRMEFs across the four
dimensions of the evaluation grid. The effect sizes were
very small, indicating that institutional affiliation explained
only a limited proportion of the variance in teacher trainers’
perceptions. These findings suggest a relative homogeneity of
perceptions among teacher trainers across the participating
CRMEFs. This may be related to the centralized nature of
teacher education in Morocco, where CRMEFs operate
under common national frameworks, similar institutional
regulations, and standardized training orientations.

Nevertheless, this result must be interpreted carefully.
The absence of statistically significant differences does not
prove that training conditions are objectively equivalent
across all CRMEFs. It only indicates that, within the
present sample, teacher trainers reported relatively similar
perceptions of the evaluated dimensions. Moreover, the
small descriptive differences observed between centers
may still reflect contextual specificities, such as differences
in facilities, local partnerships with internship schools,
trainers’ professional experience, or practicum supervision
procedures. These factors cannot be fully captured through
quantitative scores alone and should be explored in future
qualitative or mixed-method studies.

The present findings also highlight the need to
distinguish clearly between three levels of analysis:
institutional organization, perceived training quality, and
professionalization outcomes. Institutional organization
refers to the formal structure of the training system,
including modules, planning, regulations, and training
sequences. Perceived training quality refers to how teacher
trainers evaluate the functioning of this system based
on their experience. Professionalization outcomes refer
to the actual competencies, practices, and professional
development of trainee teachers. The present study mainly
addresses the second level: teacher trainers’ perceptions.
It does not directly measure trainee teachers’ classroom
performance, professional competence development, or
long-term teaching outcomes. This distinction is important
to avoid overinterpreting the findings.

From a practical perspective, the results suggest several
areas for improvement. First, the articulation between CRMEF
training and field internship should be strengthened through
clearer coordination mechanisms between CRMEF trainers,
mentor teachers, inspectors, and host institutions. Second,
internship supervision should be based on shared criteria,
structured observation tools, and regular feedback sessions.
Third, PES trainee teachers should be exposed to more authentic
professional situations during training, including classroom
management, safety management, lesson adaptation, and
reflective analysis of teaching practice. Finally, the evaluation
of initial teacher training should involve multiple stakeholders,
including trainee teachers, mentor teachers, inspectors, and
institutional leaders, in order to provide a more comprehensive
understanding of the training process.

Despiteits contribution, thisstudyhasseveral limitations.
First, the sample was limited to 125 PES teacher trainers
from five CRMEFs, which restricts the generalizability of the
findings to all Moroccan CRMEFs. Second, the study relied
exclusively on teacher trainers’ perceptions. Although these
actorshavevaluableprofessionalexperience, theirperceptions
do not provide a complete picture of the training process.
Third, the study used a quantitative cross-sectional design,
which does not allow causal interpretation or longitudinal
analysis of professional development. Fourth, the validation
process remains exploratory. Although the present study
provides initial support for the factorial structure and
internal consistency of the evaluation grid, the absence of
confirmatory factor analysis (CFA), test-retest reliability,
and assessments of convergent and discriminant validity
limits the extent to which construct validity and stability
can be established. Therefore, the psychometric properties
of the instrument should be considered preliminary and
require further validation in independent samples. Finally,
the study focused only on the PES specialization, which
limits comparison with other teacher education fields.

Future research should therefore adopt a more
comprehensive approach by including trainee teachers,
mentor teachers, inspectors, and institutional administrators.
Mixed-method designs combining questionnaires, interviews,
classroom observations, and document analysis would allow
for a deeper understanding of the mechanisms underlying
perceived strengths and weaknesses in initial teacher training.
Longitudinal studies would also be useful to examine how
perceived training quality relates to the development of
professional competencies over time. Such research would
help move beyond perceptions and provide stronger evidence
regarding the relationship between institutional training,
practicumexperiences,and trainee teachers professionalization.

Opverall, the present study provides an initial contribution
to the evaluation of PES teacher training within Moroccan
CRMEFs. It proposes an exploratory evaluation grid and
identifies perceived strengths and weaknesses in the training
system. The findings suggest that program organization
and pedagogical support are perceived relatively positively,
whereas the articulation between CRMEF-based training
and field internship remains a major area for improvement.
Strengthening the connection between institutional training
and real professional practice appears essential for improving
the professional preparation of future PES teachers in Morocco.

Conclusion

This study examined teacher trainers’ perceptions
of initial Physical Education and Sport teacher training
within five Moroccan CRMEFs and provided preliminary
exploratory evidence for a multidimensional evaluation
grid. The results suggest that the grid presents an acceptable
exploratory factorial structure and satisfactory internal
consistency. However, the validation process remains
preliminary and should be strengthened in future studies
through confirmatory factor analysis, test-retest reliability,
and convergent and discriminant validity analyses.
Accordingly, the proposed evaluation grid should not yet be
regarded as a fully validated instrument. Rather, it constitutes
a preliminary assessment framework that provides
encouraging initial evidence and offers a foundation for
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future psychometric refinement and validation across larger
and more diverse samples of teacher education stakeholders.

From a substantive perspective, teacher trainers reported
moderate perceptions of training quality, with relatively stronger
evaluations of program organization and pedagogical support,
and weaker evaluations of internship and CRMEF-field
articulation. These findings suggest that the main challenge lies
in connecting institutional training with situated professional
practice. The absence of significant differences between
CRMEFs indicates relatively homogeneous perceptions
among trainers, but it should not be interpreted as evidence of
equivalent training effectiveness across institutions.

Overall, the study contributes an initial evaluation
framework that may support future research and institutional
reflectionon PESteachereducationin Morocco. Nevertheless,
further studies involving trainee teachers, mentor teachers,
inspectors, and direct observation of professional practices
are needed to better understand the relationship between
perceived training quality, institutional organization, and
professionalization outcomes.

Conflict of Interest

The authors declare that they have no conflicts of
interest.

Acknowledgments

The authors express their sincere gratitude to the
teacher trainers of the CRMEF in Morocco for their valuable
participation in this study. Their collaboration, availability,
and commitment greatly contributed to the completion of
this research work.

Ethics Approval

This study did not involve any experimental intervention
on humans or animals. The research was based on voluntary
questionnaire responses from adult teacher trainers. It was
conducted in accordance with the principles of scientific
integrity and applicable ethical standards. No sensitive personal
data or confidential information were collected. Informed
consent was obtained from all participants prior to data
collection. Participation was entirely voluntary, and participants
were clearly informed about the purpose of the study and their
right to withdraw at any time without consequences. Given the
non-interventional and anonymous nature of the study, formal
ethical committee approval was not required.

Informed Consent

Informed consent was obtained from all participants
prior to their inclusion in the study. Participation was
voluntary, and participants were informed about the
purpose of the research and their right to withdraw at any
time without penalty.

Data Availability Statement

The data supporting the findings of this study are
available from the corresponding author upon reasonable
and justified request.

Funding

The authors received no financial support for the
preparation of this article.

Al Transparency Statement

The authors declare that ChatGPT, developed by
OpenAl, was used solely to improve the linguistic quality
and clarity of the manuscript. The tool was not used to
generate original ideas or substantive scientific content.
All outputs were critically reviewed, revised, and validated
by the authors, who assume full responsibility for the final
content of the manuscript.

References

Syaukani, A.A., Hashim, A.-H.M., & Subekti, N. (2023). Conceptual
framework of applied holistic education in physical education
and sports: A systematic review of empirical evidence.
Physical Education Theory and Methodology, 23(5), 794-802.
https://doi.org/10.17309/tmfv.2023.5.19

UNESCO. (2021). Reimagining our futures together: A new
social contract for education. UNESCO.
https://doi.org/10.54675/ASRB4722

OECD. (2020). TALIS 2018 results (Volume II): Teachers and
school leaders as valued professionals. OECD Publishing.
https://doi.org/10.1787/19cf08df-en

Almonacid-Fierro, A., Souza de Carvalho, R., Castillo-Retamal,
E, & Almonacid, M. (2021). The practicum in times of
COVID-19: Knowledge developed by future physical
education teachers in virtual modality. International Journal
of Learning, Teaching and Educational Research, 20(3),
68-83. https://doi.org/10.26803/ijlter.20.3.5

Lave, J., & Wenger, E. (1991). Situated learning: Legitimate
peripheral participation. Cambridge University Press.
https://doi.org/10.1017/CB0O9780511815355

Korthagen, FA.J., & Kessels, J.P.A.M. (1999). Linking
theory and practice: Changing the pedagogy of teacher
education. Educational Researcher, 28(4), 4-17.
https://doi.org/10.3102/0013189X028004004

Darling-Hammond, L. (2017). Teacher education around the
world: What can we learn from international practice?
European Journal of Teacher Education, 40(3), 291-3009.
https://doi.org/10.1080/02619768.2017.1315399

McDonald, M., Kazemi, E., & Kavanagh, S.S. (2013). Core
practices and pedagogies of teacher education: A call for
a common language and collective activity. Journal of
Teacher Education, 64(4), 378-386.
https://doi.org/10.1177/0022487113493807

Hammerness, K. (2006). From coherence in theory to coherence
in practice. Teachers College Record, 108(7), 1241-1265.
https://doi.org/10.1111/.1467-9620.2006.00692.x

Bouhaba, A., El Madhi, Y., Darif, H., Soulaymani, A., &
Belfaquir, M. (2021). Academic stress and burnout
among primary school trainee teachers in the Rabat-Salé-
Kénitra region. E3S Web of Conferences, 319, 01029.
https://doi.org/10.1051/e3sconf/202131901029

Bouhaba, A., El Madhi, Y., Soulaymani, A., & Hami, H. (2022).
Academic burnout among trainee teachers during the
COVID-19 pandemic: Effect of sociodemographic
factors. Journal of Education and Health Promotion, 11,
Article 204. https://doi.org/10.4103/jehp.jehp_1370_21

721



ISSN 1993-7989. elSSN 1993-7997. ISSN-L 1993-7989. Physical Education Theory and Methodology. Vol. 26, Num. 4

Abdelmounaim, B., Boumaaize, Z., El Madhi, Y., Hami, H.,
Soulaymani, A., & Darif, H. (2022). The development and
validation of an academic burnout questionnaire among
Moroccan trainee teachers using the Maslach Burnout
Inventory-Student Survey. Journal of Education and
Health Promotion, 11, Article 54.
https://doi.org/10.4103/jehp.jehp_956_21

Ben-Amram, M., & Davidovitch, N. (2024). Novice teachers
and mentor teachers: From a traditional model to a holistic
mentoring model in the postmodern era. Education Sciences,
14(2), 143. https://doi.org/10.3390/educscil4020143

Carmines, E.G., & Zeller, R.A. (1979). Reliability and validity
assessment. Sage. https://doi.org/10.4135/9781412985642

Fabrigar, L.R., Wegener, D.T., MacCallum, R.C., & Strahan, E.].
(1999). Evaluating the use of exploratory factor analysis
in psychological research. Psychological Methods, 4(3),
272-299. https://doi.org/10.1037/1082-989X.4.3.272

Baco, C., Derobertmasure, A., Bocquillon, M., & Demeuse, M.
(2023). Initial teacher training: Validation of a competence
reference framework for the training of mentor teachers/
cooperating teachers. Frontiers in Education, 7, 1010831.
https://doi.org/10.3389/feduc.2022.1010831

Poonsri, V. (2008). Mobile learning: Major challenges for
engineering education. 2008 38th Annual Frontiers in
Education Conference, T4F-11-T4F-16.
https://doi.org/10.1109/FIE.2008.4720385

Arifin, S. (2017). Peran guru pendidikan jasmani dalam
pembentukan pendidikan karakter peserta didik.
Multilateral Jurnal Pendidikan Jasmani dan Olahraga, 16(1),
78-92. https://doi.org/10.20527/multilateral.v16i1.3666

Oulaydi, Y., El Madhi, Y., Guerss, EZ., El Qryefy, M.,
Boumaaize, Z., Darif, H., & El Faylali, H. (2024). STEM
educator selection: Criteria and insights from preservice
educators. International Journal on Technical and Physical
Problems of Engineering (IJTPE), 16(4), 371-382.

Kunter, M., Klusmann, U., Baumert, J., Richter, D., Voss, T., &
Hachfeld, A. (2013). Professional competence of teachers:
Effects on instructional quality and student development.
Journal of Educational Psychology, 105(3), 805.

Oulaydji, Y., Fatima-Zahra, G., Abdelmounaim, B., Hajar, D., & El
Madhi, Y. (2025). Echoes of experience in teacher selection:
Perspectives from preservice mathematics and science
teachers. Educational Process: International Journal, 14,
€2025011. https://doi.org/10.22521/edupij.2025.14.1

Filiz, B., & Durnali, M. (2019). The views of pre-service
teachers at an internship high school on pedagogical
formation program in Turkey. European Journal of
Educational Research, 8(2), 395-407.
https://doi.org/10.12973/eu-jer.8.2.395

Kelmendi, D., & Dedi, T. (2024). Effective teaching methods in
physical education classes: A pilot study implementing a
new survey for teachers. Journal of Anthropology of Sport
and Physical Education, 8(3), 15-21.
https://doi.org/10.26773/jaspe.240703

Buchanan, A.M., & Hinton, V. (2018). Positive behavior
support in physical education: A case from a pre-service
field experience. International Journal of Learning,
Teaching and Educational Research, 17(2), 74-86.
https://doi.org/10.26803/ijlter.17.2.5

Zahir, N. (2019). Vers une ingénierie des compétences: Cas
de la formation continue a distance des enseignants de
léducation physique et sportive au Maroc (Doctoral
dissertation, Université Mohammed V de Rabat).

Tsangaridou, N. (2006). Teachers’ beliefs. In D. Kirk, D.
Macdonald, & M. O’Sullivan (Eds.), The handbook of
physical education (pp. 486-501). Sage.

Rayou, P, & Ria, L. (2009). Training new teachers: Professional
status, organization, and knowledge. Education et sociétés,
23(1), 79-90. https://doi.org/10.3917/es.023.0079

Bouabdallah, I. (2021). La formation pratique des enseignants
du 21éme siécle au Maroc. The Journal of Quality in
Education, 11(18), 194-218.
https://doi.org/10.37870/joqie.v11i18.275

El Qryefy, M., El Madhi, Y., El Qryefy, M., Darif, H., Boubih,
S., & El Faylali, H. (2024b). Effectiveness of flipped
learning on academic achievement in physical sciences.
International Journal on Technical and Physical Problems
of Engineering (IJTPE), 16(3), 164-171.

Zeichner, K. (2016). Advancing social justice and democracy
in teacher education: Teacher preparation 1.0, 2.0, and
3.0. Kappa Delta Pi Record, 52(4), 150-155.
https://doi.org/10.1080/00228958.2016.1223986

Lynn, M.R. (1986). Determination and quantification of
content validity. Nursing Research, 35(6), 382-385.
https://doi.org/10.1097/00006199-198611000-00017

Boateng, G.O., Neilands, T.B., Frongillo, E.A., Melgar-
Quinonez, H.R., & Wendt, D.A. (2018). Best practices for
developing and validating scales for health, social, and
behavioral research: A primer. Frontiers in Public Health,
6, 149. https://doi.org/10.3389/fpubh.2018.00149

Cohen, L., Manion, L., & Morrison, K. (2013). Research
methods in education (7th ed.). Routledge.
https://doi.org/10.4324/9780203720967

El Qryefy, M., El Madhi, Y., El Qryefy, M., Wahbi, B., Oulaydi,
Y., Boumaaize, Z., Darif, H., & Faylali, H. (2024a).
Construction and validation of the physical science
learning motivation scale among Moroccan middle
school students. Eurasia Journal of Mathematics, Science
and Technology Education, 20, 2439.
https://doi.org/10.29333/ejmste/14451

Hair, J.F, Black, W.C., Babin, B.]., & Anderson, R.E. (2010).
Multivariate data analysis. Pearson.

Gorsuch, R.L. (2013). Factor analysis (2nd ed.). Psychology
Press. https://doi.org/10.4324/9780203781098

Nunnally, J.C., & Bernstein, I.H. (1994). Psychometric theory.
McGraw-Hill.

Kline, R.B. (2023). Principles and practice of structural equation
modeling. Guilford publications.

Field, A. (2018). Discovering statistics using IBM SPSS statistics
(5th ed.). Sage Publications.

Cobhen, J. (1988). Statistical Power Analysis for the Behavioral
Sciences (2nd ed.). Lawrence Erlbaum Associates.

Worthington, R.L., & Whittaker, T.A. (2006). Scale development
research: A content analysis and recommendations for
best practices. The Counseling Psychologist, 34(6), 806-838.
https://doi.org/10.1177/0011000006288127

Tamani, S., Abouhanifa, S., Amad, Z., Elkhouzai, E., & Radid,

M. (2021). Evaluation of the Qualifying Training of New
Teachers of Mathematics: Case of the Training of the
CRMEEF of Settat-Morocco. Journal of Educational and Social
Research, 11. https://doi.org/10.36941/jesr-2021-0117

Greve, S., Weber, K.E., Brandes, B., & Maier, J. (2020).
Development of pre-service teachers teaching
performance in physical education during a long-term
internship: Analysis of classroom videos using the
Classroom Assessment Scoring System K 3. German
Journal of Exercise and Sport Research, 50(3), 343-353.
https://doi.org/10.1007/s12662-020-00651-0

722



Marzak, H., El Qryefy, M., El Faylali, H., & El Madhi, Y. (2026). Trainers’ Perceptions of Initial Physical Education Teacher Training within
Moroccan CRMEFs: Preliminary Development and Exploratory Validation of an Evaluation Grid.

CNpunHATTA BUKNagavyamMm No4aTKoBOI NiAroToOBKN BUnNTeniB
$i3nyHOI KyNnbTypuy B MapOKKaHCbKNX PerioHanbHMX LieHTpax
npodecin ocBiTN Ta NiAroTOBKN: NonepeaHe po3pobneHHA

Ta eKCniopaTopHa Banifgauia oliHOYHOI WKanun

Xamsa Map3sak'ABPF, Myxcin Enp Kp’edi'“PF, Xanan Enp ®aitnani'PF, FOced Enp Magxi'>ABPE

"Yuisepcuret 161 Todarina
*Perionanbuunii neHTp mpodeciit ocBitu ta migrorosku Padar-Cane-Kenirpa

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

Pedepar. Crarts: 13 c., 9 Tabn., 43 mxeper.

Merta. MeTo10 1[bOTO JOCTiIKEHHS 6yno BYBYNTY CIPUITHATTA BUK/Ia/JadaMu HpO(becii[Ho'l' HiITOTOBKI M3.I7I6yTHiX YUNUTENiB
¢isnuHOI KynbTypH i ciopTy B PerioHanbHUX IeHTpax mpodeciit ocBiTH Ta miAToTOBKY MapoKKO, a TAKOXK OTPMMATH MOIepefHi
IOKasy eKCIUIOPATOPHOI BaIAHOCTI Ta BHYTPILIHBOI Y3TO/PKEHOCT] 6araToBUMipHOI OLIIHOYHOI IKa/IN.

Marepianu ta MeTogu. By/o 3aCTOCOBaHO KiNbKiCHUIT IONepeYHMIT AM3aitH HOCIipKkeHHA. [lo Bubipknu ysiituumm 125 Bu-
K/Ia/jadiB, sKi 3/Ii/ICHIOIOTH MirOTOBKY Mail0y THIX yuuTeniB GpisnaHOI KyIbTypH i COPTY, i3 IT'ATH MapOKKaHCbKUX PerioHanpHux
LeHTpiB npodeciit ocsitu ta miprorosky (CRMEF). TTogyaTkoBuit BapiaHT iHCTpyMeHTa CKIafaBcs 3 38 MYHKTIB, po3pobieHnx
Ha OCHOBI IHCTUTYLI{fHMX CTaHAAPTIB, OYiKyBaHOro MPOdIII0 BUIYCKHMKA Ta HAYKOBOI JIiTepaTypu 3 MiiTOTOBKM 1 mpodecio-
Haisanii BunTenis. Ilicia ekcrepTHOI OLiHKM iHCTPYMeHT 0y/10 cKopodeHO 10 30 myHKTiB. [I/11 eKCIIIOpaTOpHOTO JOCTiIKEHH
BHYTPIIIHBOI CTPYKTYPM LIKA/IM 3aCTOCOBAHO aHA/Ii3 TOJIOBHUX KOMIIOHEHT i3 Varimax-o6epTaHHsM, a [/Is OLiHIOBaHHs BHY-
TPIllIHBOI Y3TO/PKEHOCT] po3paxoBaHo KoediuieHT anbda Kponbaxa.

Pesynprary. ExcrtopaTopHuit aHasi3 3acBifunB YoTUpuUpaKTOPHY CTPYKTYPY, 110 BifiOBifama TEOPETUIHUM CKIAJOBUM
IHCTpyMeHTa: OpraHi3anisi OCBITHbOI IPOrpamMy, IPAaKTUKM MEJArorivHol MiArOTOBKY, CYIepBi3isd Ta MeJaroriyamuii CynpoBiz, a
TaKOXX B3a€EMO3B 30K MDX Iefiaroriqnoo mpakTrkoo Ta CRMEE ITicia ounineHHA iHCTpyMeHTa Jioro ¢iHanbHa Bepcia MicTuia
26 nyHKTiB. BHyTpilHA y3romkeHicTb Oy/Ia IPUITHATHOIO /1A BCIX YOTUPBOX CKIaoBuX. OcTaTtouHa 26-IIyHKTOBA BepCis Mpo-
IeMOHCTPYBa/Ia IPUITHATHI MOIepefHi ICUXOMETPUYHI OKa3HMUKM, 30KpeMa II[OfI0 eKCIIOPaTOPHOI (PaKTOPHOI CTPYKTYpH Ta
BHYTPIlIHBOI y3rogkeHocTi. ONMCOBi pesynbraTy IOKasaau IMOMipHMII piBeHDb OLiHOK 3a BCiMa CKIaJOBUMM, IIPU IIbOMY Bifl-
HOCHO BMIIIi 3HAYeHHsI CIIOCTEePira/Iics /g OpraHisalil mAroTOBKY Ta MefJarorivHOro CYyIIPOBOAY, @ HIDKYI — /I B3a€EMO3B A3KY
MiX megarorignoro mpaktukorn Ta CRMEE Pesynpraty pucnepciitaoro anamisy (ANOVA) He BUABMIN CTaTUCTUIHO 3HAYTYIIINX
BipminHocTeit Mk CRMEE a Bemiunay edekry Oymu fyske MaIiMIU.

Bucnosku. OTpuMaHi pesynbTaTi CBif4aTh PO BiTHOCHO OHOPIifHE CIPUITHATTSA CUCTEMM MiATOTOBKM BUK/IajadaMy B YCixX
nocnimxenrx CRMEE BopHovac JOCTiIKeHHs He OLIIHIOE 00 €KTUBHY e()eKTUBHICTD MATOTOBKM BUNTENIB 260 ixHi mpodeciiiui
pesynbraT. HaTOoMicTh BOHO Haja€ MolepeHi eKCIVIOpaTOPHi JoKasy NPUAATHOCTI 3aIIPOIIOHOBAHOI OL[iHOYHOI IIKa/IM Ta BU-
ABJIA€ CIpUIIMaHi cmabki CTOPOHM BsaeMosB’asxy MDK IHCTUTYIIiJIHOIO IATOTOBKOIO Ta IelaroTivHo0 ITpakTuKow. IToganbuii fo-
CTifKeHHS i3 6imbIMy BubipkaMu, BUKOPUCTAaHHAM KOH(pipMaTOpHOTo (paKTOPHOTO aHai3y Ta 3aTy4eHHAM JaHUX Bif| pisHMX
TPYII yYaCHUKIB € HEOOXITHMUMIL.

KirrouoBi coBa: moyaTkoBa IiITOTOBKA, MatOyTHI BunTesi GisvYHOI KyIbTYpH i CIOPTY, KOHCTPYKTMBHA BaJIiiHICTD, Ha-
miitHicTh, mpodeciiiHi TpaKkTHKM.
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Abstract

Background. Pencak Silat instruction in Indonesian secondary schools remains predominantly teacher-centered,
limiting student engagement across cognitive, affective, and psychomotor domains.

Objectives. To examine the effects of an explicitly progressive Game-Based Learning (GBL) sequence based

on modified Teaching Games for Understanding (TGfU) games on holistic learning outcomes in Pencak Silat

instruction.

Materials and Methods. A quasi-experimental pre-test—post-test design was employed with 60 ninth-grade students
assigned to an experimental group (n = 30; eight-week progressive GBL sequence) or a control group (n = 30;
conventional instruction). Cognitive, affective, and psychomotor outcomes were assessed using instruments validated
through expert content validity (Aiken's V), pilot testing of internal consistency, and dual-observer inter-rater
reliability. Independent- and paired-samples t-tests and one-way MANOVA were conducted.

Results. The experimental group significantly outperformed the control group on cognitive (d = 0.579), affective

(d = 4.580), and psychomotor (d = 4.294) post-test scores (all p <.05). MANOVA confirmed a significant
simultaneous group effect across all three domains (Wilks’ A = 0.128, F = 131.68, p < .001, n* = .872).

Conclusions. A progressively sequenced GBL intervention produced significantly superior holistic learning outcomes
in Pencak Silat compared with conventional instruction. The exceptionally large affective and psychomotor effect
sizes should be interpreted cautiously given the restricted-range rating instruments used and are best understood as
indicating a clear directional advantage rather than a precise quantification of the true effect magnitude.

Keywords: game-based learning, pencak silat, physical education, cognitive outcomes, affective outcomes,

psychomotor outcomes, teaching games for understanding.

Introduction

Physical education is widely recognized as a vital
component of the school curriculum, charged with
simultaneously fostering cognitive competence, affective
development, and psychomotor mastery the three
fundamental dimensions articulated in Bloom’s Taxonomy
(Bloom et al., 1956; Krathwohl, 2002). The integration of
all three learning domains within a unified instructional
framework is regarded as the hallmark of high-quality

©  Nur Rohmah Muktiani, Saryono, Antoni, M. S.,
Virama, L. O. A., & Yudhistira, D., 2026.

@ PETM
LLCOVS

physical education, yet persistent challenges remain in
designing instructional approaches capable of sustaining
meaningful student engagement across all three dimensions
concurrently (Bailey, 2006; Beni et al., 2019). In this regard,
the quality of instructional approaches has been consistently
identified as a critical determinant of student learning
trajectories (Kirk & MacPhail, 2002; Rink, 2014).

Among contemporary instructional innovations, Game-
Based Learning (GBL) broadly defined as an approach that
integrates structured game elements such as rules, goals,
feedback, and challenge into learning activities to promote
active and purposeful participation (Plass et al., 2015; Van
Eck, 2006) has attracted considerable scholarly attention. In
physical education, GBL is operationalized through modified
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games: systematic adaptations of sport and game structures
that preserve motivational qualities while aligning with
curricular objectives (Hastie & Curtner-Smith, 2006; Butler
& McCahan, 2005). Empirical reviews consistently document
that GBL interventions in physical education are associated
with increased student engagement (Harvey & Jarrett, 2014;
Yan et al., 2022), higher intrinsic motivation (Ntoumanis,
2001; Deci & Ryan, 2000), and improved learning outcomes
compared with conventional direct instruction (Ezeddine et
al., 2025; Ortiz et al., 2023).

In the Indonesian school curriculum, Pencak Silat a
traditional martial art rooted in Nusantara cultural heritage
occupies a mandatory position in physical education at primary
and secondary levels (Ministry of Education and Culture of
the Republic of Indonesia, 2016). As an activity integrating
technical execution, tactical reasoning, and deeply embedded
cultural values such as discipline, sportsmanship, and respect,
Pencak Silat offers a uniquely rich pedagogical context in
which cognitive, affective, and psychomotor domains converge
(Maryono, 1998; Lubis & Wardoyo, 2016). Nevertheless,
instruction in Pencak Silat in Indonesian secondary schools
has been predominantly characterized by teacher-centered
approaches emphasizing repetitive technique drills, with
limited attention to pedagogical strategies capable of stimulating
higher-order thinking, fostering affective internalization, or
enhancing intrinsic motivation (Vertonghen & Theeboom,
2010; Vertonghen et al., 2014).

A critical gap exists in the GBL literature: research
has largely focused on team and invasion sports such as
football, basketball, and volleyball (Casey & MacPhail, 2018;
Harvey & Jarrett, 2014), with very few studies examining
GBL in martial arts or traditional sports contexts. More
critically, existing GBL studies in physical education rarely
adopt a multidomain learning outcomes framework that
simultaneously investigates all three domains within a
single experimental design (Camacho-Sanchez et al., 2023;
Memmert et al., 2015), and fewer still specify the within-
program progression by which a sequence of modified
games is intended to scaffold increasingly complex cognitive,
affective, and psychomotor demands. This represents a
significant gap given that the three domains are inherently
interdependent in culturally grounded activities such as
Pencak Silat (Alafnan, 2025; Wilson, 2006).

This study is theoretically grounded in constructivist
learning theory (Vygotsky, 1978) and the Teaching Games
for Understanding (TGfU) model (Bunker & Thorpe,
1982). Within this framework, GBL through modified
games positions students as active problem-solvers who
simultaneously develop tactical understanding (cognitive),
emotional engagement (affective), and technical execution
(psychomotor) within authentic game contexts. Central to
TGtU’s instructional logic is the principle of progressive
complexity: tasks are sequenced so that each game builds
upon the technical and tactical foundation established by
the preceding one, allowing the instructional demand on
each domain to increase systematically across the program
(Bunker & Thorpe, 1982; Kirk & MacPhail, 2002). This
integrative, progression-based perspective aligns with recent
developments in physical education pedagogy calling for
instructional models capable of addressing the full spectrum
of student learning outcomes through clearly specified
instructional sequencing (Kirk, 2010; Light, 2012).

The present study therefore pursues two objectives: (1) to
determine whethera progressively sequenced program of TGfU-
based modified games produces significantly better cognitive,
affective, and psychomotor learning outcomes in Pencak Silat
instruction than conventional approaches; and (2) to provide an
explicit, reproducible account of the instructional logic by which
each modified game in the sequence was designed to target
specific domain demands, thereby contributing experimental
evidence and a transferable pedagogical model supporting the
integration of TGfU-based GBL into Pencak Silat pedagogy in
Indonesian secondary schools. Based on constructivist theory
and the extant literature, it is hypothesized that the GBL group
will demonstrate significantly superior post-test outcomes than
the control group across all three learning domains, individually
and simultaneously.

Materials and Methods

Research Design

A quasi-experimental non-equivalent control group pre-
test—post-test design was employed (Thomas et al., 2022).
Group assignment was based on intact class groupings,
as is commonly applied in educational research in school
settings where true randomization is logistically constrained
(Creswell & Creswell, 2018). Both groups were assessed
at identical time points before (pre-test) and after (post-
test) the intervention. Baseline equivalence of groups was
evaluated statistically prior to hypothesis testing. The study
followed CONSORT guidelines for quasi-experimental
designs insofar as applicable to non-randomized trials.

Participants

Participants were 60 Grade IX students from SMP Negeri
4 Sewon, Bantul Regency, Special Region of Yogyakarta,
Indonesia. The control group (Class IX A, n = 30) received
conventional instruction, and the experimental group (Class
IX B, n = 30) received GBL. Participants were selected using
purposive sampling based on the equivalence of baseline
academic achievement and prior Pencak Silat learning
experience between the two intact classes. A sample of 30
per group is considered adequate for two-group parametric
comparisons with a medium effect size at a = .05, power = .80
(Cohen, 1988). Participant characteristics are presented in
Table 1.

Table 1. Participant Characteristics by Group

Characteristic ((21(1):;1;)(;1 Exp(e::;loe)n 2L
Class IXA IXB
Age M (SD), years 14.2 (0.7) 14.1 (0.8)
Boys, n (%) 16 (53.3) 17 (56.7)
Girls, n (%) 14 (46.7) 13 (43.3)
PE experience (years) M (SD) 3.1(0.6) 3.0 (0.5)
Prior Pencak Silat exposure, n (%) 12 (40.0) 11 (36.7)

Note. PE = physical education.

Intervention: Progressive Sequence of Modified Games

In direct response to the requirement for a fully
reproducible pedagogical model, the experimental group’s
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eight-week intervention was structured as an explicit
progression of eight distinct modified games, each building
cumulatively on the technical and tactical content of
the preceding week. The progression followed TGfU’s
instructional logic of incremental complexity (Bunker &
Thorpe, 1982; Kirk & MacPhail, 2002): Weeks 1-2 isolated
single technical elements (stance, paired synchrony) under
minimal cognitive load; Weeks 3-4 introduced spatial
and tactical decision-making layered onto the established

technical base; Weeks 5-6 integrated technical and tactical
elements within small-sided cooperative game structures,
introducing the affective dimension explicitly; and Weeks
7-8 required full integration of all three domains under
authentic, scenario-based and student-directed conditions.
This design ensures that observed cognitive, affective, and
psychomotor gains can be traced to specific, identifiable
instructional mechanisms at each stage of the program
rather than to an undifferentiated eight-week exposure.

Table 2. Weekly Progression of TGfU-Based Modified Games: Rules, Domain Targets, and Instructional Mechanisms

Week  Modified Game Rules & Progression Logic Primary Domain Targeted Instructlf)nal
Mechanism

1. “Stance Tag” Students move using basic kuda-kuda Psychomotor (stance Repetition under light
(Kuda-Kuda (stance) transitions within a marked grid; ‘it  accuracy) game pressure; teacher
Berkejar) must tag others while maintaining correct calls out stance-check

stance form. Low cognitive load: rules are freezes
simple, success criterion is purely technical
(correct stance).

2. “Mirror Stance” Paired students mirror each other’s stance Psychomotor + early Affective Peer-paced repetition;
(Cermin Kuda- changes in real time; pairs alternate leader/ (cooperation) immediate visual
Kuda) follower roles. Introduces a second decision feedback from partner

variable (timing synchrony) atop Week 1’s
technical base.

3. “Evasion Circle” Students form a circle; one student in the Cognitive (spatial decision- ~ Constrained decision-
(Lingkaran Elak)  center must evade two ‘attackers’ using only ~ making) + Psychomotor making under time

evasive footwork (elakan) without leaving (footwork) pressure; teacher
the circle boundary. Adds spatial decision- prompts ‘why did you
making to the existing technical base. move that way?’

4. “Distance Keeper” Paired drill requiring students to maintain Cognitive (tactical timing) Trial-and-error with
(Penjaga Jarak) optimal striking distance (jarak pukul) + Psychomotor (distance immediate consequence

while a partner varies approach speed control) (contact = error signal);
unpredictably. Builds on Week 3’s spatial post-task group debrief
awareness with an added tactical-timing

layer.

5. “Controlled Strike- Paired students alternate controlled, low- Psychomotor (integration) +  Scaffolded complexity
Counter” (Serang- intensity strike and counter-strike sequences  Cognitive (sequencing) increase; teacher
Balas Terkendali) ~ combining stance, evasion, and distance circulates with

control learned in Weeks 1-4. Full technical individualized prompts
integration begins here.

6. “Team Defense Small-sided team game (3v3) in which one Affective (cooperation, Cooperative small-sided
Line” (Garis team must collectively defend a line using respect for partner safety) +  game; teacher facilitates
Pertahanan Tim)  stance, evasion, and distance principles Cognitive (team tactics) post-game group

against attacking partners. Introduces social/ reflection on tactical
tactical cooperation under Week 5’s technical choices
base.

7. “Scenario Controlled scenario-based paired sparring All three domains integrated ~ Authentic game-like
Sparring” with assigned roles (e.g., ‘defender must use constraint application;
(Sparring only evasion for first 10 seconds’). Requires teacher uses Socratic
Skenario) full integration of all previously learned questioning post-bout

tactical-technical elements under realistic
time constraints.
8. “Values Showcase” Students design and perform a short paired ~ Affective (value internalization) Student-directed synthesis

(Unjuk Nilai)

routine integrating technical skill, tactical

+ summative integration of all task with peer and teacher

decision-making, and explicit demonstration ~domains
of Pencak Silat values (respect, discipline,
sportsmanship) for peer and teacher

evaluation.

assessment using rubric
criteria

Note. Game names presented in English with the original Bahasa Indonesia terminology in parentheses. Each week’s game was designed
to incorporate and extend the technical-tactical content of the preceding week(s), consistent with TGfUs principle of progressive

complexity (Bunker & Thorpe, 1982).
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Table 2 presents the complete weekly progression, including
the rules, instructional logic, and primary domain target of
each modified game.

Table 3 presents the standard five-phase structure
applied within every session, into which the week-specific
modified game (Table 2) was embedded as the core activity.

Table 3. Standard Session Structure and Instructional
Purpose of Each Phase

. .. Instructional
Phase Duration Activity
Purpose
1 10 min Warm-up game (low-  Activates relevant
intensity variant of motor pattern; primes
week’s modified game) cognitive focus for the
session theme
2 35 min Core modified game  Primary vehicle for
task (see Table 2 for domain-targeted
weekly content) skill and tactical
development
3 15 min Tactical reflection Converts implicit
discussion (teacher- game experience
facilitated, Socratic into explicit
questioning) tactical/cognitive
understanding
4 15 min Technical practice Consolidates motor
(isolated repetition of ~ pattern in a low-
session’s key technique) pressure, repetition-
focused context
5 5 min Cool-down and Physiological

individual reflection log recovery; reinforces
self-monitoring habit

Note. The core modified game task (Phase 2) varied weekly
according to the progression specified in Table 2; all other phases
maintained a consistent structure across the eight-week program.

All sessions were delivered by the same licensed
physical education teacher, who received four hours of
standardized training in TGfU principles and the specific

rules and progression logic of each modified game prior
to the intervention, in order to control for teacher effects
and to maximize fidelity of implementation. A second
trained observer independently verified adherence to
the planned game rules and session structure in 25% of
randomly selected sessions (fidelity checklist agreement =
96%). The control group received conventional Pencak Silat
instruction of equivalent total duration, comprising teacher
demonstration, repetitive technique drilling, and structured
practice under teacher direction, without modified games,
tactical reflection discussion, or the progressive complexity
structure described above.

Instrumentation, Validity, and Reliability

Three domain-specific instruments were administered
at both pre-test and post-test. Table 4 summarizes the
instrument type, item count, scoring range, and content
coverage for each domain.

Content validity of all three instruments was established
through review by three independent experts (two Pencak
Silat coaching specialists and one physical education
measurement specialist), who rated each item’s relevance
to its intended construct using Aiken’s V coeflicient (Aiken,
1985), with V > .75 considered acceptable for a three-rater
panel. Three items in the initial affective rubric draft (V <
.75) were revised based on expert feedback prior to piloting.
All three instruments were subsequently piloted with a non-
study class of comparable grade level and prior Pencak Silat
exposure (n = 28) to assess internal consistency (Cronbach’s
alpha). Table 5 summarizes the content validity, internal
consistency, and inter-rater reliability evidence for each
instrument.

Because the affective and psychomotor domains depend
onobserver judgment, additional procedural safeguards were
implemented to strengthen inter-rater reliability beyond the
ICC values reported in Table 5. Table 6 details the observer
qualification, training, scoring, and discrepancy-resolution
procedures applied to both rubrics.

Table 4. Description of Cognitive, Affective, and Psychomotor Instruments

Domain Instrument Type Items & Scoring Content Covered
Cognitive Written test 30 items; scored 0-100 Technique names and sequences, tactical concepts,
rules, philosophical values
Affective Behavioural 12 items; 4-point scale (1 = never, 4 = always); Discipline, cooperation, sportsmanship, self-

observation rubric  range 12-48

Psychomotor Movement skill
rubric

20 items; 4-point scale; range 20-80

confidence, responsibility

Accuracy, coordination, and fluency of kuda-kuda
(stances), punches, kicks, defensive movements

Note. All instruments were developed specifically for this study and administered identically at pre-test and post-test.

Table 5. Validity and Reliability Evidence by Domain

Domain Content Validity (Aiken’s V) Internal Consistency (Pilot, n = 28) Inter-Rater Reliability (ICC)
Cognitive V =.79-.94 (3 expert raters) Cronbach’s a = .84 N/A (written test)
Affective V =.76-.91 (3 items revised, initial V <.75) Cronbach’s a = .81 ICC = .88, 95% CI [.81, .93]

Psychomotor V =.78-.93 (3 expert raters)

Cronbach’s a = .86 ICC =.91,95% CI [.85, .95]

Note. ICC = intraclass correlation coefficient (two-way random-effects, absolute agreement). Acceptable thresholds: Aiken’s V > .75
(Aiken, 1985); Cronbach’s a > .70 (Streiner et al., 2015); ICC > .75 indicates excellent agreement (Landis & Koch, 1977). The cognitive
instrument is a written test and therefore was not subject to inter-rater scoring.

727



ISSN 1993-7989. elSSN 1993-7997. ISSN-L 1993-7989. Physical Education Theory and Methodology. Vol. 26, Num. 4

Table 6. Observer Training and Scoring Procedure for
Affective and Psychomotor Rubrics

Procedure Step Description

Observer qualifications Two independent observers, both
certified Pencak Silat instructors with > 5
years” coaching experience

Training 4-hour structured session using video-
recorded reference performances and
consensus-based criterion calibration,

prior to data collection

Scoring protocol Both observers rated all 60 participants
independently at pre-test and post-test;
blinded to each other’s ratings and to

group allocation

Discrepancy resolution A third independent observer’s rating
was used as the final score when two
raters differed by > 1 scale point; required
for 4.2% of affective items and 3.1% of
psychomotor items

Final score Mean of the two primary observers’
ratings (or third-observer score where

the resolution procedure applied)

Note. Both observers were blinded to group allocation throughout
the scoring process to minimize expectancy bias.

Statistical Analysis

All analyses were conducted using IBM SPSS Statistics
Version 26 (a = .05). Descriptive statistics (mean, SD,
minimum, maximum) were computed for all variables.
Normality was assessed using the Shapiro-Wilk test (Field,
2024). Levene’s test was used to assess homogeneity of
variance; Welch’s correction was applied where homogeneity
was violated. For each domain, within-group improvement
was examined using paired samples t-tests, and between-
group post-test differences usingindependent samples t-tests.
Effect sizes were calculated using Cohen’s d (Cohen, 1988;
Lakens, 2013): = 0.20 small, > 0.50 moderate, > 0.80 large.
The simultaneous effect of group across all three dependent
variables was evaluated using one-way MANOVA (Wilks’
A), with partial n? reported (> .01 small, > .06 medium, >
.14 large). Given that the affective and psychomotor rubrics
employed restricted four-point response scales, effect sizes
for these two domains are interpreted with explicit caution
in the Discussion, consistent with established guidance

on effect size interpretation for restricted-range ordinal
instruments (Lakens, 2013; Pallant, 2020).

Results

Descriptive Statistics

Table 7 presents pre-test, post-test, and gain scores for
both groups across all three learning domains.

Both groups improved from pre-test to post-test across
all three domains. The experimental group recorded higher
post-test means than the control group in all three domains:
cognitive (78.50 vs. 73.33), affective (47.53 vs. 42.17), and
psychomotor (48.80 vs. 44.10).

Assumption Tests

Shapiro-Wilk normality test results are presented in
Table 8.

Table 8. Shapiro-Wilk Normality Test Results by Variable,
Group, and Stage

Variable Group Stage w p
Cognitive Control Pre-test 0.961 152
Control Post-test  0.943 .066
Experimental ~Pre-test  0.966 .189
Experimental = Post-test — 0.944 .067
Affective Control Pre-test  0.808 <.001
Control Post-test ~ 0.851 .008
Experimental ~Pre-test ~ 0.839 .011
Experimental  Post-test  0.720 <.001
Psychomotor Control Pre-test  0.702 <.001
Control Post-test  0.712 <.001
Experimental ~Pre-test  0.698 <.001
Experimental  Post-test  0.688 <.001

Note. p > .05 indicates normality. Welch’s t-test was applied for
the affective domain where Levene’s test indicated heterogeneous
variance (p = .007); Levene’s test indicated homogeneous variance
for the cognitive (p = .083) and psychomotor (p =.637) domains.

Cognitive data were normally distributed in both groups
at both time points (all p > .05). Affective and psychomotor
data did not meet normality in most conditions (p < .05),
attributable to low score variability reflecting convergence

Table 7. Descriptive Statistics by Group and Measurement Occasion

Variable Group n Pre-test M (SD) Post-test M (SD) Gain M
Cognitive Control 30 53.17 (8.04) 73.33 (6.74) 20.17
Experimental 30 51.67 (14.16) 78.50 (10.68) 26.83
Affective Control 30 19.67 (1.24) 42.17 (1.58) 22.50
Experimental 30 24.33 (1.37) 47.53 (0.51) 23.20
Psychomotor Control 30 24.17 (1.93) 44.10 (1.24) 19.93
Experimental 30 29.10 (1.12) 48.80 (0.92) 19.70

Note. M = mean; SD = standard deviation. Affective and psychomotor scores reflect total rubric scores derived from the mean of two
independent observer ratings.
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toward upper response categories. Per the Central Limit
Theorem, with n = 30 per group, sampling distributions
of means approximate normality, justifying parametric
inference (Field, 2024; Pallant, 2020). Levene’s test
confirmed homogeneous variance for cognitive (p = .083)
and psychomotor (p = .637) data; Welch’s correction was
applied for the affective domain (Levene p = .007).

Hypothesis Testing

Table 9 presents paired and independent samples t-test
results for all three domains.

Table 9. Paired and Independent Samples t-test Results by
Domain

Test t df e
d

Cognitive: Paired — Control -11.96 29 <.001 2.183
Cognitive: Paired — Experimental ~ -10.60 29 <.001  1.935
Cognitive: Independent (post-test) 2.241 58 .029 0.579
Affective: Paired — Control -58.77 29 <.001 10.731
Affective: Paired - Experimental -83.73 29 <.001 15.286
Affective: Independent (post-test)*  17.738 - <.001  4.580
Psychomotor: Paired — Control -69.36 29 <.001 12.662
Psychomotor: Paired — -128.97 29 <.001 23.546
Experimental

Psychomotor: Independent (post- ~ 16.629 58 <.001  4.294

test)

Note. “Welch’s correction applied. Cohen’s d classification: > 0.20
small; > 0.50 moderate; > 0.80 large (Cohen, 1988).

Cognitive domain: paired t-tests confirmed significant
within-group improvements in both groups (both p <.001).
The independent samples t-test indicated a significantly
higher post-test cognitive score in the experimental group
than in the control group, t(58) = 2.241, p =.029, d = 0.579.

Affective domain: paired t-tests confirmed significant
within-group improvements in both groups (both p <.001).
The Welch-corrected independent samples comparison
indicated a significantly higher post-test affective score in
the experimental group than in the control group, t = 17.738,
p <.001, d = 4.580.

Psychomotor domain: paired t-tests confirmed
significant within-group improvements in both groups
(both p < .001). The independent samples t-test indicated
a significantly higher post-test psychomotor score in the
experimental group than in the control group, t(58) = 16.629,
p<.001,d =4294.

MANOVA: Table 10 presents the one-way MANOVA
results testing the simultaneous group effect across all three
domains.

MANOVA indicated a statistically significant
simultaneous group effect across all three learning domains,
Wilks’ A =0.128, F = 131.68, p < .001, n*> = .872. Univariate
follow-up tests indicated statistically significant group
differences for each individual domain: cognitive (F = 5.02,
p =.029, %> =.080), affective (F = 314.64, p < .001, > = .844),
and psychomotor (F = 276.52, p < .001, n* = .827).

Table 10. One-Way MANOVA Results for Simultaneous
Group Effects

— 2
Itz Wiks F P (partl'tial)
Group (GBL vs. Conventional) 0.128 131.68 <.001 872
5.02 .029 .080
314.64 <.001 .844

276.52 <.001 .827

Cognitive (univariate) -
Affective (univariate) -

Psychomotor (univariate) -

Note. n? classification: > .01 small; > .06 medium; > .14 large
(Cohen, 1988).

Discussion

This study examined whether a progressively sequenced
program of TGfU-based modified games produces superior
cognitive, affective, and psychomotor learning outcomes in
Pencak Silat instruction relative to conventional instruction,
and sought to provide a reproducible account of the
pedagogical mechanisms underlying any observed effects.
The confirmation of significant between-group differences
across all three domains, together with a significant
simultaneous MANOVA effect, supports the hypothesis
that a well-specified instructional progression rather than
mere exposure to game-based activity in general drives
multidomain skill development.

The moderate cognitive effect (d = 0.579) is consistent
with the constructivist learning framework (Vygotsky,
1978) and with TGfU’s emphasis on tactical understanding
as a foundation for technical mastery (Bunker & Thorpe,
1982; Kirk & MacPhail, 2002). The weekly progression
documented in Table 2 offers a specific explanation for this
effect: cognitive demand was deliberately layered across the
program, beginning with technical-only tasks (Weeks 1-2) and
progressively introducing spatial decision-making (Week 3),
tactical timing (Week 4), and full scenario-based reasoning
(Week 7). This staged increase in cognitive load is theoretically
consistent with the “challenge point” framework (Guadagnoli
& Lee, 2004), which holds that learning is optimized when
task difficulty is incrementally matched to learners” developing
competence rather than introduced all at once. The moderate
(rather than large) cognitive effect size, relative to the very
large affective and psychomotor effects, is itself informative:
it suggests that higher-order tactical reasoning required more
sustained, cumulative exposure to develop than the more direct
behavioral and motor outcomes captured by the affective and
psychomotor instruments, a pattern consistent with Mayer’s
(2019) observation that executive cognitive engagement in
game-based learning develops more gradually than procedural
or behavioral responses.

The affective and psychomotor effect sizes (d =4.580 and d
=4.294, respectively) are exceptionally large by any conventional
benchmark (Cohen, 1988; Lakens, 2013) and require explicit,
critical interpretation rather than face-value acceptance. Three
methodological features of the present design plausibly inflate
these estimates beyond their true population magnitude. First,
both the affective and psychomotor instruments employed
restricted four-point rating scales; when post-test scores in the
experimental group cluster near the scale ceiling (as observed,
with 346 of 360 total experimental-group affective responses

729



ISSN 1993-7989. elSSN 1993-7997. ISSN-L 1993-7989. Physical Education Theory and Methodology. Vol. 26, Num. 4

falling in the ‘Very Good’ category), between-group variance
is compressed and standardized effect size statistics such as
Cohens d become mathematically inflated independent of
the true underlying difference between groups (Lakens, 2013;
Pallant, 2020). Second, the same teacher-affiliated observers
who delivered or were aware of group assignment scored the
rubrics, introducing a plausible expectancy bias risk despite
the blinded, dual-observer protocol implemented to mitigate
it. Third, the quasi-experimental design without random
allocation to condition may also have contributed to the larger
observed standardized differences, as non-randomized designs
are more susceptible than randomized designs to confounding
by unmeasured pre-existing between-class differences that can
inflate apparent treatment effects (Thomas et al., 2022). Taken
together, these findings should be interpreted as providing
strong evidence of a clear directional advantage favoring the
experimental condition in the affective and psychomotor
domains, rather than as precise, generalizable quantifications
of true effect magnitude. Future replications using randomized
allocation, rating instruments with wider response ranges
(e.g., 7- or 10-point scales), or continuous performance-based
measures are needed before the magnitude—rather than merely
the direction—of these effects can be considered established.

With this caveat stated, the directional pattern of
affective and psychomotor gains remains theoretically
interpretable. The progression documented in Table 2
introduced the affective dimension explicitly only from
Week 6 onward (“Team Defense Line”), through cooperative
small-sided games requiring peer trust and shared tactical
responsibility, and culminated in Week 8s “Values
Showcase,” which required explicit demonstration and peer
evaluation of Pencak Silat values. This staged introduction
of affective demand is consistent with Self-Determination
Theory (Deci & Ryan, 2000, 2013): the modified games’
game-embedded autonomy (tactical choice), competence
(calibrated challenge), and relatedness (paired and small-
group structures) jointly support intrinsic engagement,
and the late-stage cooperative and values-based tasks
plausibly account for the marked behavioral shift captured
by the rubric. For the psychomotor domain, the variable,
progressively complex demands of the modified games
across Weeks 1-7 moving from isolated stance repetition
to fully integrated scenario sparring are consistent with
contextual interference and motor variability principles
(Magill & Hall, 1990; Porter & Magill, 2010), which predict
that variable practice conditions produce more robust and
adaptable motor skill than blocked, repetitive drilling of the
kind used in the control condition.

The MANOVA result (n* =.872) indicates that the three
domains did not improve independently but covaried as a
coherent outcome pattern under the GBL condition. Read
alongside the weekly progression in Table 2, this multivariate
result is consistent with the proposition that cognitive,
affective, and psychomotor development are mutually
reinforcing when instructional tasks are deliberately designed
to integrate all three demands within a single, progressively
sequenced activity (Alafnan, 2025; Wilson, 2006), rather
than being independently caused by unrelated programme
features. This extends the theoretical work of Light (2012)
and Correia et al. (2019) on game-sense and nonlinear
pedagogies by providing, for the first time, a fully specified
and reproducible week-by-week progression demonstrating

their multidomain effectiveness in a traditional martial arts
context.

Compared with previous studies on game-based and
TGfU-informed approaches, the present findings both
corroborate and extend the existing evidence base. Harvey
and Jarrett’s (2014) review of game-centred approaches since
2006reportedconsistent,thoughtypicallysmall-to-moderate,
gains in tactical and technical performance across team and
invasion sports; the present study’s moderate cognitive effect
(d = 0.579) falls within this established range, suggesting
that GBLs cognitive benefits generalize from invasion-sport
contexts to a culturally distinct, individual combat sport
such as Pencak Silat. Casey and MacPhail (2018) similarly
emphasized that models-based approaches to physical
education tend to yield their most consistent advantages
in engagement and participation-related (i.e., affective)
outcomes rather than in technical performance alone; the
markedly larger affective gains observed here are broadly
consistent with this pattern, though as discussed above
the magnitude reported in the present study substantially
exceeds typical benchmarks and should be interpreted
with the measurement caveats already noted. Ortiz et al’s
(2023) meta-analysis of TGfU randomized controlled trials
reported pooled effects in the small-to-moderate range for
game performance outcomes, a benchmark against which
the present study’s very large psychomotor effect again
stands out as atypical, reinforcing the need for the cautious
interpretation urged above rather than treating the present
magnitude as representative of TGfU’s typical effect. Finally,
Ezeddine et al. (2025), in one of the most recent systematic
treatments of game-based physical education, concluded that
GBLs documented benefits for motivation and engagement
are more consistently established in the literature than its
benefits for measurable skill acquisition; the present study’s
pattern of comparatively modest cognitive gains alongside
very large affective and psychomotor gains is therefore only
partially aligned with this prior synthesis, and the divergence
itself underscores why replication with more sensitive, less
restricted measurement instruments is necessary before
the present findings can be considered representative of
GBL:s effect on Pencak Silat skill acquisition specifically, as
opposed to motivation and engagement more broadly.

Several limitations should be acknowledged, in addition
to the measurement-related caveats discussed above. The
quasi-experimental design with intact class assignment
limits the strength of causal inference relative to full
randomization, and the absence of random allocation may
also have contributed to the magnitude of the standardized
between-group differences observed, as quasi-experimental
designs are known to be more susceptible to inflated effect
size estimates than fully randomized designs (Thomas et
al,, 2022). The sample was drawn from a single school in
one regency of Yogyakarta, which constrains generalizability
to other regions, school types, and cultural contexts within
Indonesia’s diverse educational landscape. The eight-week
intervention period does not permit conclusions about
long-term skill retention or transfer. Future research should
employ true randomization where ethically and logistically
feasible, include retention tests at 6- and 12-week follow-up,
use affective and psychomotor measurement instruments
with wider response ranges or continuous scoring to
address the ceiling-effect concern raised above, and extend
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the sample to diverse school contexts across Indonesia and
beyond.

Conclusions

This study provides preliminary evidence that a
progressively sequenced program of TGfU-based modified
games is associated with significantly greater improvements
in cognitive, affective, and psychomotor learning outcomes
in Pencak Silat instruction than conventional instruction,
individually and in simultaneous combination. The
cognitive effect (d = 0.579) can be interpreted with
reasonable confidence as a moderate, genuine instructional
advantage. The affective and psychomotor effects, while
statistically significant and directionally consistent with
the cognitive finding, were measured using restricted-
range rating instruments within a non-randomized quasi-
experimental design, both of which plausibly inflated their
numerical magnitude; these results should therefore be read
as suggestive evidence of a clear directional benefit rather
than as precise, generalizable estimates of true effect size.
The findings as a whole should be interpreted within the
limitations of the quasi-experimental, single-school design
described above, pending replication with randomized
allocation and more sensitive instruments.

These findings carry practical implications specific to the
scope of this study. Physical education teachers instructing
Pencak Silat may consider adopting an explicitly progressive
sequence of modified games—of the kind detailed in Table 2
as a candidate reproducible instructional model, rather than
treating game-based activity as a generic supplementary
technique. The detailed weekly progression provided here
is intended to allow other practitioners and researchers to
replicate, adapt, or critically test this specific instructional
sequence in other settings. Given the single-school, eight-
week, non-randomized scope of this study, broader claims
regarding curriculum-wide or policy-level adoption
are not warranted by the present data and would require
replication across more diverse school contexts, randomized
designs, longer intervention periods, and psychometrically
refined affective and psychomotor instruments before such
recommendations could be made with confidence.
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ABTOpPCHKMIT BKTAJ: A — Au3aitH gocnipkenHs; B — 36ip ganux; C — crataHanis; D — migroroska pykormcy; E — 36ip kowrtis

Pedepar. Crarrs: 10 c., 10 Tab1., 45 mKeper.

ITepegymoBu. BuknafanHaA MeHYaK CMIATy B 3aKjlaZaX CepefHbol ocBiTU IHJOHE3ii 3anMIIaeThbcs mepeBa)kKHO
OpIEHTOBAHMM Ha BUUTEJISL, 110 OOMEXYE 3a/Iy4eHICTh YUHIB y KOTHITUBHII, aeKTUBHIII Ta IICXOMOTOPHIII cdepax.

Merta. J[locniguTy BIVIMB 9iTKO CTPYKTYPOBAaHOI IPOrpeCUBHOI IIOC/IiJOBHOCTI HABYaHHA Ha OCHOBI irpoBOTro Miixony
(Game-Based Learning, GBL), no6yzoBanoi Ha MoaudikoBanux irpax konuenuii Teaching Games for Understanding
(TG{U), Ha uinicHi pe3ynpTaTyt HABYAHHA IIEHYAK CUJIATYy.

Marepianu i meTogu. BukopucTaHo KBasieKclepyMeHTaNbHNI JU3aiiH i3 MONepeHiM i MiZCyMKOBMM Te€CTYBAaHHAM.
Y pmocmimkeHH] B3sAMM y4acTh 60 yIHIB [ieB’ATOTO KIacCy, AKMX POSIOAiMNIN Ha eKCIepUMeHTanbHy rpyny (n = 30;
BOCBMUTIDKHEBA IIporpecrBHa nporpama GBL) ta xonTponbHy rpyny (n = 30; Tpaguuiiine HaB4aHHA). KornitusHi,
adeKTMBHI Ta IICMXOMOTOPHI Pe3y/lIbTaTy OLIHIOBAIM 3a JOIIOMOTOK IHCTPYMEHTIB, Ba/liflOBaHMX LUIAXOM €KCIEPTHOI
OLIiHKY 3MicTOBOI BamigHOCTI (koedirienT V AjikeHa), MITOTHOTO TeCTYBaHHS BHYTPILIHBOI Y3TOMKEHOCTI Ta BUSHAUYEHHS
MiXeKCIIepTHOI HafIiffHOCTi 3a y4acTI0O ABOX CIocCTepiradis. /1A aHami3y JaHMX 3aCTOCOBAHO t-TeCTM M/ He3a/lTeXHUX i
HapHMX BMOIPOK Ta OGHOBMMIpHWIT OaraToBuMipHMil aucnepciiamii ananis (MANOVA).

Pesynpratu. ExcrieprMenTanbHa Irpyma OIpOfAEMOHCTPYBada CTaTUCTUYHO 3HA4YyIle Kpallli pe3y/lbTaTy IOPiBHAHO 3
KOHTpOnbHOW 32 KorHituBHnMu (d = 0,579), adextnBHnmu (d = 4,580) ta ncuxomotopanmu (d = 4,294) mokasHuKamm
mifcyMkoBoro TectyBaHH: (yci p < 0,05). Pesynsrarn MANOVA mifTBepAIn CTaTUCTUYHO 3HAYYIINIT OffHOYACHNUIT BIIINB
rpymnoBoro uynHHuKa Ha Bci Tpu cdhepu (Wilks' A = 0,128, F = 131,68, p < 0,001, > = 0,872).

BucnoBku. IIporpecuBHO CTpyKTypoBaHe BTpydYaHHA Ha ocHOBi GBL 3abes3meuymsno cTaTMCTHYHO 3HAvyIe
Kpalli 1Ii/licHi pe3y/nbTaTy HaBYaHHA ME€HYAK CUIATY MOPiBHAHO 3 TpajMIIiiHMM HaBYaHHAM. BopHOdYac Ha/3BMYAIHO
Be/IVKi BeMMUYMHN eeKTy st aeKTMBHOI Ta ICUXOMOTOPHOI cep Ciify iHTeprperyBaTu 3 06EPEXHICTIO 3 OMIARY HA
BUKOPUCTAHHsI PEMTUHTOBIUX {HCTPYMEHTIB 3 OOMEXXeH!M [ialla30HOM OL[iHIOBAHHS; BOHU pajlle CBifYaTh PO WiTKY
IepeBary 3alpoIOHOBAHOTO MiIXOAY, HDK PO TOYHY KiIbKICHY OLiHKY iCTUHHOI BeTMIMHN e(eKTy.

Kiro4oBi cmoBa: HaBYaHHsI Ha OCHOBI irpoBOro MiAXOAY, IeHYaK CUIAT, Qi3NdHe BUXOBAHH:A, KOTHITUBHI pe3y/IbTaTy,
adeKTVBHI pesyabTaTy, ICUXOMOTOPHI pe3ynbTaTyl, HABYAHHA 4epes irpy A po3yMiHHA.
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Abstract

Objectives. To translate and validate the Arabic version of the Situational Motivation Scale (SIMS) and evaluate its
psychometric properties among Tunisian secondary school students in the physical education context.

Materials and Methods. A total of 580 secondary school students (mean age = 17.48 + 1.46 years) from different
regions of Tunisia participated in the study. The original SIMS comprises 16 items assessing intrinsic motivation,
identified regulation, external regulation, and amotivation. Students completed the Arabic version of the scale during
physical education classes. Exploratory factor analysis (EFA) was performed on a randomly selected subsample

of 290 participants, whereas confirmatory factor analysis (CFA) was conducted on an independent subsample of

290 participants. Internal consistency, test-retest reliability, construct validity, convergent validity, and composite
reliability were evaluated.

Results. One amotivation item demonstrated a factor loading below the 0.40 criterion and was removed, resulting in
the SIMS-15. The revised scale demonstrated good internal consistency (Cronbach’s o = 0.846, McDonald’s w = 0.788,
Guttman’s A* = 0.883) and excellent temporal stability over a two-week interval (ICC = 0.950, 95% CI = 0.901-0.975;
r=0.905, 95% CI = 0.818-0.951, p < 0.001). CFA confirmed the four-factor structure of the SIMS-15 (x*/df = 1.542,
CFI = 0.99, GFI = 0.94, RMSEA = 0.04). Average variance extracted ranged from 0.708 to 0.864, whereas composite
reliability ranged from 0.877 to 0.962, indicating satisfactory convergent validity and reliability.

Conclusions. The Arabic SIMS-15 demonstrated satisfactory reliability and validity and can be recommended as a
psychometrically sound instrument for assessing situational motivation among secondary school students in physical
education. The adapted scale preserves the original four-factor structure while providing evidence of its suitability for
use in Arabic-speaking educational settings.

Keywords: psychometric properties, situational motivation, Arabic language, transcultural validation, physical
education.

Introduction contexts (Curran & Standage, 2017; Zhou et al., 2025;
Alixanov et al., 2026). It can be intrinsic, arising from
inherent interest or personal value, or extrinsic, driven
by external rewards or pressures. AM reflects a lack of
intentionality or perceived competence (Deci & Ryan, 2000;
Guay et al., 2000). Educators and coaches play a critical
role in shaping motivational states by providing autonomy-
supportive environments, constructive feedback, and

(@ PETM fostering relatedness, which enhances engagement and IM.
LLCOVS

Motivation is a central psychological construct that
influences students’ engagement, persistence, and learning
outcomes, particularly in physical education and sports

© Bouazizi, M., Baaziz, M., Helmi Abumuaili, Z., & Cheour, E,
2026.
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In contrast, controlling approaches may hinder motivation
(Haerens et al., 2015; Taylor et al., 2008).

Self-determination theory offers a robust framework for
understanding motivation, emphasizing the satisfaction of
three basic psychological needs: autonomy, competence, and
relatedness, whichareessential forfosteringIMand psychological
well-being (Ryan & Deci, 2023; Vansteenkiste & Ryan, 2013).
Self-determination theory conceptualizes motivation along
a continuum from AM, through various forms of extrinsic
motivation, to IM, with greater internalization marking more
autonomous engagement (Vallerand, 1997; Ryan & Deci,
2000a; Rusmitaningsih et al., 2026). Within this framework,
motivation operates at three levels: global, contextual, and
situational, the latter referring to the “here and now” motivation
experienced during a specific activity (Torménen et al., 2025;
Vallerand, 2001). Situational motivation is influenced by
environmental factors such as pedagogical practices and social
interactions, making it a dynamic determinant of students’
behavioral, cognitive, and affective engagement (Ghazvini et
al., 2025; Jarvenoja et al., 2023).

Reliable measurement of situational motivation is
essential for research and practice. The SIMS, developed
by Guay et al. (2000), assesses IM, IR, ER, and AM. The
SIMS has demonstrated strong reliability and validity across
educational and sports contexts, linking motivational
profiles to engagement, persistence, and physical activity
participation (Hassani et al., 2024; Rodrigues et al., 2023;
Grao-Crucesa et al., 2018). Despite its widespread use, no
culturally adapted or psychometrically validated Arabic
version exists, limiting the assessment of situational
motivation in Arabic-speaking physical education contexts
(Curran & Standage, 2017; Ryan & Deci, 2023).

This study aimed to address this gap by translating the
SIMS into Arabic and evaluating its psychometric properties
among secondary school students in physical education.
Specifically, it seeks to confirm the factorial structure, assess
reliability, and verify the suitability of the scale for future
research and practical applications. Establishing a valid and
reliable Arabic SIMS will enable educators and researchers
to better understand the motivational processes and design
interventions that foster autonomy, engagement, and
sustained participation in physical activity.

Materials and Methods

Participants

A total of 580 students (296 men = 51.03%; 284 wom-
en = 48.97%; mean age = 17.48 * 1.46 years; range 15-21
years) from secondary education classes participated vol-
untarily in this study. Regarding geographical distribution,
participants were recruited from different regions of Tunisia:
the north (199 = 34.31%), center (193 = 33.27%), and south
(188 = 32.41%).

Two different populations were recruited for exploratory
and confirmatory studies. The exploratory data were gathered
from 290 students who were randomly chosen based on the
data. The subjects were students of both sexes, with men (n
=147; 50.69%) and women (n = 143; 49.31%). Confirmatory
data were collected from 290 students (149 men = 51.38%;
141 women = 48.62%). Parental consent was obtained for
all participants aged < 18 years. In total, 600 questionnaires

were distributed, and 580 valid responses were retained for
analysis after excluding 20 due to missing data.

Measures

Situational motivation was assessed using the SIMS (Guay
et al,, 2000), which originally consists of 16 items measuring
state motivation toward a specific activity. The SIMS has
demonstrated internal consistency coefficients ranging from
0.77 to 0.95. Each item addresses the question, “Why did you
engage in this activity?” and is organized into four subscales: IM
(4 items; e.g., “Because I think that this activity is interesting”),
IR (4 items; e.g., “Because I think that this activity is good for
me”), ER (4 items; e.g., “Because I don't have any choice”),
and AM (4 items; e.g., “There may be good reasons to do this
activity, but personally I don't see any”). Responses were rated
on a 7-point Likert scale ranging from 1 (does not correspond
at all) to 7 (corresponds exactly), with 4 indicating moderate
correspondence. In the original SIMS-16, subscale scores are
obtained by summing the relevant items, yielding scores from
4 to 28 for each four-item dimension. In the retained Arabic
SIMS-15, after the exclusion of item 4 from the AM subscale, the
IM, IR, and ER subscales each retain four items and therefore
range from 4 to 28, whereas the AM subscale includes three
items and ranges from 3 to 21.

Procedure

The SIMS was translated into Arabic following a
standardized back-translation procedure commonly applied
in cross-cultural research (Nufez Alonso et al., 2005; Nufiez
et al., 2006; Vallerand et al., 1989). First, a bilingual expert
translated the original English version into Arabic. A second
independent bilingual translator, blinded to the original, back-
translated the scale into English. This process was repeated
twice to ensure accuracy and to minimize bias. A panel of four
bilingual translators and two psychologists with expertise in
motivation research then reviewed and refined the translated
version, resulting in the final Arabic version of the SIMS.

Data were collected immediately after the physical
education classes. Students were informed that their
participation was voluntary and anonymous, and they were
instructed to read each item carefully, respond honestly,
and complete all the questions. No time limit was imposed,
and students were permitted to ask clarification questions
if necessary. Written parental consent was obtained for all
underage participants, and the protocol was approved by
the local ethics committee. All procedures were conducted
in accordance with the ethical standards of the institutional
and national research committees and the 1964 Helsinki
Declaration and its later amendments.

Statistical Analysis

Data analyses were performed using JASP (version
0.19.3.0) and the Statistical Package for Social Sciences
(SPSS and AMOS; version 28, IBM, Armonk, NY, USA).
Descriptive statistics (means, standard deviations, skewness,
and kurtosis) were computed to examine the distribution
of the items. Data distribution was examined using
kurtosis (Kr) and skewness (Sk). Kr values varied from -1.964
to 2.348, and Sk values ranged from -1.326 to 0.337 (Table 2).
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Following established conventions, Sk and Kr values close to
+2 were interpreted as broadly compatible with approximately
normal item distributions (Lopez-Pina & Veas, 2024; Elliott &
Woodward, 2007; Tabachnick et al., 2007).

The level of correlation between the students’ answers
was used to determine stability (Shrout & Fleiss, 1979).
Test-retest reliability (bivariate correlations, intraclass
correlation) was used to determine the SIMS-15’ reliability.
Cronbach’s a, McDonald’s w, and Guttmans A2 were used
to assess the SIMS-15’ internal reliability (Cronbach, 1951;
McDonald, 1970; Raykov & Marcoulides, 2019). The level
of inter-correlation between the scale items is indicated
by internal consistency (Morrison et al., 2015). For these
indices, a reliability criterion of 0.70 for acceptability and
0.80 for good reliability was recommended.

To ascertain the instruments factor structure, an
orthogonal Varimax-type EFA in accordance with the
Varimaxcriterion of Kaiser (1958) withaprincipal component
analysis was applied to thel6 survey items of the scale
(Everitt & Dunn, 2001). Items with a factor loading of 0.40
or less (Archer et al., 1997; Pett et al., 2003) were eliminated,
and the Kaiser-Meyer-Olkin (KMO) statistic (Stafford
& Bodson, 2006; Bartlett, 1950) was used to gauge the
adequacy of the sample. The factor structure in the four
SIMS dimensions was examined using a first-order CFA
with maximum likelihood estimation. The following
indices were highlighted to assess how well the models fit:
the Not Normed Fit Index (NNFI) is based on the Tucker-
Lewis Index, which was developed through factor analysis;
an index value of 0.9 or above indicated a good or excellent fit
for both indices (Bentler & Bonett, 1980). The Comparative
Fit Index (CFI) is a normed fit index between 0 and 1, and
the most widely accepted measure of good fit is a CFI >
0.95 (Hu & Bentler, 1999). The Goodness of Fit Index (GFI)
(Hooper et al., 2008) and Adjusted Goodness of Fit (AGFI)
must be equal to or higher than 0.85 and 0.90, respectively
(Schermelleh-Engel et al., 2003). According to Hu and
Bentler (1998), a good fit for the Root Mean Square Error
of Approximation (RMSEA) is defined as the Standardized
Root Mean Square Residual (SRMR) being less than 0.08,
the Parsimony Normed Fit Index (PNFI), and the Parsimony
Comparative Fit Index (PCFI) greater than 0.5 (Hau, 2000).
MacCallum et al. (1996) employed the frequently used x 2
statistic (x 2/df ratio of three or less) and chose 0.01, 0.05,
and 0.08 to represent excellent, good, and mediocre fit,
respectively. A non-significant value of X 2 is required for
the model fit of the retained data (Satorra & Bentler, 1994).

As a complementary validity check, the sensitivity
analysis (ANOVA) was framed as an assessment of known-
groups validity—that is, the ability of the SIMS-15 to detect
theoretically expected score differences across contextually
distinct subgroups (Terwee et al., 2007; Streiner et al., 2024).
Geographic zone (northern, central, and southern Tunisia),
gender, and their interaction were examined as grouping
variables. Statistical significance was set at p < 0.05.

Results

Instrument Quality

The basic characteristics of the study sample are
presented in Table 1.

Table 1. Basic characteristics of the sample population

Variable Effective Percentage (%)
Total (N = 580) 299 51.55
EFA (n = 290) 154 53.10
[15-17]
CFA (n = 290) 145 50.00
Test-retest (n = 35) 34 97.14
Age
Total (N = 580) 281 48.45
EFA (n =290) 136 46.90
[18-21]
CFA (n = 290) 145 50.00
Test-retest (n = 35) 1 2.86
Total (N = 580) 296 51.03
EFA (n = 290) 147 50.69
Male
CFA (n =290) 149 51.38
Test-retest (n = 35) 18 51.43
Gender
Total (N = 580) 284 48.97
EFA (n = 290) 143 49.31
Female
CFA (n = 290) 141 48.62
Test-retest (n = 35) 17 48.57
Total (N = 580) 199 34.31
EFA (n =290) 101 34.83
North
CFA (n = 290) 98 33.80
Test-retest (n = 35) 13 37.14
Total (N = 580) 193 33.27
EFA (n = 290) 94 32.41
Region  Center
CFA (n =290) 99 34.13
Test-retest (n = 35) 11 31.43
Total (N = 580) 188 32.41
EFA (n =290) 95 32.76
South
CFA (n = 290) 93 32.07
Test-retest (n = 35) 11 31.43

Note. EFA: exploratory factor analysis; CFA: confirmatory factor
analysis.

The descriptive statistics (mean, standard deviation,
skewness, and kurtosis) of the items included in this study
are presented in Table 2. The data were normally distributed,
based on the skewness and kurtosis values. The analysis of
item 1 indicated a kurtosis value of 2.34, slightly exceeding
the conventional normality threshold of + 2. However, visual
inspection of the corresponding Q-Q plot demonstrated
adequate alignment with the expected normal distribution.
Therefore, the assumption of normality for this item was
acceptable for subsequent analyses.

For further analysis, Table 3 presents the means and
standard deviations of the SIMS-15 subscales, categorized
by geographical zone.

The SIMS was administered twice to the same sample,
with a two-week interval, to evaluate its temporal stability
through a test-retest reliability design. The sample was
homogeneous in terms of gender and geographical region.
A total of 35 students participated (mean age = 16.09 +
0.78 years; 18 men, 51.43%; 17 women, 48.57%).
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Table 2. Descriptive statistics and normality of the SIMS-15
(N =290).

Item M SD Sk Kr (Zero Centered)
Item1 5.60 1.122 -1.326 2.348
Item5 5.58 1.135 -1.013 1.278
Item9 5.56 1.185 -0.776 0.449
Item13 5.51 1.352 -1.239 1.831
Item2 5.07 1.562 -0.833 -0.093
Item6 5.07 1.597 -0.848 0.032
Item10 5.03 1.684 -0.856 0.017
Item14 4.98 1.625 -0.752 -0.110
Item3 5.40 1.379 -0.994 0.553
Item7 5.52 1.308 -1.190 1.323
Item11 5.37 1.443 -1.090 0.791
Item15 5.52 1.334 -1.026 0.773
Item8 1.44 0.498 0.223 -1.964
Item12 1.80 0.732 0.337 -1.079
Item16 1.49 0.501 0.028 -2.013

Note. M: mean; SD: standard deviation; Sk: Skewness; Kr:
Kurtosis.

Table 3. Distribution of SIMS-15 subscales across
geographic zones.

Zone IM IR ER AM
M 22.01 21.02 21.60 4.75
Northern Tunisia
SD 4234 5.499 5.258 1.352
21.37 20.61 20.71 4.82
Central Tunisia
SD 4.506 5.905 5.527 1.531
M 23.38 18.80 23.12 4.63
Southern Tunisia
SD 3.594 6.555 3.992 1.422

Note. IM: intrinsic motivation; IR: identified regulation; ER:
external regulation; AM: amotivation.

The results revealed a correlation coefficient of 0.905
(p < 0.001), indicating the satisfactory temporal stability
of the SIMS. Because the bivariate correlation coefficient
does not account for systematic differences, several authors
have recommended using the intraclass correlation
coefficient (ICC) as a more robust indicator of absolute
agreement (Terwee et al., 2007). The sample size adequacy
for the test-retest analysis was determined following the
recommendations of Bujang and Baharum (2017); detecting
an ICC of 0.50 at 80% power and an a = 0.05 requires at least
22 participants. Considering an anticipated 20% attrition
rate, the target sample was set at 27 participants, which was
exceeded by our retest sample of 35 students.

Therefore, the inclusion of 35 participants in the retest
phase was sufficient to confirm the instrument’s temporal
stability. The ICC obtained in this study was 0.950, which
demonstrated excellent reliability. Table 4 presents the
test-retest reliability results derived from the correlations
between the two SIMS administrations.

Table 4. Test-retest reliability of the SIMS (n = 35).

Test-retest reliability

Variable
Bivariate correlations Intra-class correlation
SIMS-15 0.905%** 0.950
CI 95% 0.818-0.951 0.901-0.975

Note. CI: confidence interval; *** statistically significant at p <
0.001

An important overview of the internal structure of the
SIMS, including its four hypothesized dimensions—IM
(items 1, 5, 9, and 13), IR (items 2, 6, 10, and 14), ER (items
3, 7, 11, and 15), and AM (items 8, 12, and 16)—can be
obtained by examining the inter-item correlation matrix
presented in Table 5.

The analysis revealed a clear tendency toward strong
positive correlations among items intended to measure
the same underlying construct. Notably, the correlations
between the IM items were high (e.g.,r = 0.721 between items
1 and 9; r = 0.799 between items 5 and 9). Similarly, strong
correlations, sometimes exceeding 0.850, were observed
among the IR items (e.g., r = 0.870 between items 6 and 10;
r = 0.894 between items 6 and 14). The ER dimension also
showed substantial inter-item correlations (e.g., r = 0.828
between items 7 and 15; r = 0.774 between items 7 and 11),
and comparable patterns emerged among the AM items
(e.g., r = 0.824 between items 8 and 16).

Conversely, correlations between items belonging to
different dimensions were markedly lower—for example,
between IM and IR items (r = 0.129 between items 9 and
10; r = 0.142 between items 5 and 6), IM and AM items
(r = 0.048 between items 5 and 8; r = —0.035 between items
13 and 12), and other cross-dimensional pairs.

In summary, the strong within-dimension correlations
support the internal consistency of each subscale, indicating
that the items measure the same underlying construct.
Meanwhile, the weak correlations between dimensions
provide evidence of discriminant validity, confirming that
the SIMS-15 subscales—IM, IR, ER, and AM—represent
distinct, yet theoretically related, motivational constructs.
These findings suggest that the scale possesses a clear and
stable four-factor structure (Field, 2024; Tavakol & Dennick,
2011), which is consistent with previous research (Elliott
& Woodward, 2007; Tabachnick et al., 2007; Terwee et al.,
2007).

Exploratory factor analysis

The internal reliability of the Arabic version of the SIMS-
15 was assessed using McDonald’s omega, Cronbach’s alpha,
and Guttman’s A% The scale demonstrated good internal
consistency (w = 0.788, 95% CI = 0.753-0.824; o = 0.846,
95% CI = 0.815-0.877; A* = 0.883, 95% CI = 0.862-0.905).
As indicated in Table 6, McDonald’s omega is considered
a superior indicator of reliability (Béland et al., 2017).
Reliability coefficients above 0.60 are generally regarded as
acceptable (Béland et al., 2017; Taber, 2018). Overall, the
results confirm that the SIMS-15 exhibits high internal
reliability and accurately reflects its theoretical construct.

Item 4 of the original SIMS-16, which belongs to the AM
subscale (“There may be good reasons for doing this activity,
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Table 5. Inter-item correlation matrix coeflicients for the SIMS-15 Items (N = 290)

Item Iteml Item5 Item9 Iteml13 Item2 Item6 Iteml0 Iteml4 Item3 Item7 Itemll Iteml5 Item8 Iteml2 Iteml6
Ttem1 1.000

Ttem5 0.708 1.000

Ttem9 0.721  0.799  1.000

Ttem13 0.703  0.603 0.623  1.000

Item2 0.100 0.159 0.167 0.184  1.000

Item6 0.129 0.142 0.175 0.182 0.816 1.000

Item10  0.148 0.103  0.129 0.240 0.754 0.870  1.000

Item14  0.167 0.159 0.199 0.217 0.816 0.894 0.845 1.000

item3 0.410 0.346 0325 0.441 0.179 0.154 0.156 0.137  1.000

Item?7 0.371 0317 0305 0.399 0.164 0.120 0.124 0.118 0.863 1.000

Iteml11 0.367 0.280 0.274 0361 0.080 0.055 0.056 0.071 0.766 0.774  1.000

Iteml5 0.426 0.308 0.319 0.397 0.090 0.076 0.083 0.076 0.859 0.828 0.765 1.000

Ttem8 0.059 0.048 0.052 0.032 0.039 0.044 0.048 0.069 0.032 0.004 -0.027 0.020 1.000

Item12 -0.074 -0.090 -0.092 -0.035 -0.081 -0.089 -0.039 -0.079 -0.046 -0.037 -0.040 -0.072  0.439 1.000
Iteml6  0.051 0.047 0.018 0.041 0.056 0.053 0.066 0.083 -0.011 -0.039 -0.047 -0.033 0.824 0.388  1.000

Table 6. Internal consistency of the Arabic version of the
SIMS-15 (N = 290)

Scale McDonald’s Sedh Al Guttman’s
omega lambda-2
SIMS-15 0.788 0.846 0.883
CI95% 0.753-0.824 0.815-0.877 0.862-0.905

Note. CI: confidence interval

but personally, I dont see any”), was excluded because
its factor loading was below the 0.40 retention threshold
(Archer et al, 1997). In cross-cultural psychometric
adaptation, removing items with low discriminatory
capacity is an accepted procedure when it improves factorial
clarity and preserves the coherence of the construct (Beaton
et al,, 2000). The resulting 15-item scale (SIMS-15) retains
three AM items (items 8, 12, and 16), which is sufficient
for structural identification in confirmatory models (Kline,
2023). This three-item AM structure also showed strong
convergent validity, with AVE (0.708) and CR (0.877) values
above recommended thresholds (Fornell & Larcker, 1981),
supporting a coherent latent construct.

The analysis identified four distinct factors, each with
eigenvalues surpassing the thresholds recommended by
Cattell (1966) and Kaiser (1960). Sampling adequacy was
confirmed using the KMO statistic (KMO = 0.838) and
Bartlett’s test of sphericity (p < 0.001). Together, these factors
explained 81.32% of total variance. The factor loadings for
the four-factor model ranged from 0.679 to 0.954, as detailed
in Table 7.

Confirmatory factor analysis

The CFA indicated a good model fit, as suggested by
Wheaton et al. (1977), Hermann (1980), and Tabachnick et
al. (2007). In addition to the chi-square (x*) and normalized

chi-square (x?/df), several fit indices were evaluated,
including AGFI, GFI, CFI, TLI (NNFI), NFI, PNFI, PCFI,
RMSEA, and SRMR. The critical cutoft values for AGFI,
GFI, NFI, CFI, and TLI are recommended to exceed 0.95
(Tabachnick et al., 2007; Fan et al., 1999)2007; Fan et al.,
1999, whereas RMSEA and SRMR values should be below
0.05 and 0.08, respectively, for an acceptable fit (MacCallum
et al,, 1996; Joreskog & Sérbom, 1996; Byrne, 2013).

4
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Fig 1. Standardized results of the confirmatory factor analysis for
the Arabic version of the SIMS-15 (N = 290). Note. IM: Intrinsic
Motivation; IR: Identified Regulation; ER: External Regulation;
AM: Amotivation
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The CFA results for the four-factor SIMS-15 model were
as follows: x*/df = 1.542, df = 84, p < 0.001; NFI = 0.97; TLI
= 0.98; IFI = CFI = 0.99; PNFI = 0.77; PCFI = 0.80; GFI
= 0.94; AGFI = 0.92; SRMR = 0.02; RMSEA = 0.04 (90%
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Table 7. Standardized factor loadings for the SIMS-15

SIMS items Components
1 2 3 4
Item1 Jlos leeas 1o o3 100tk s ddlepla, 0.855
Because I think that this activity is interesting.
Item5 Jicos Teeds 1o o2 1ol sacg 0.884
Because I think that this activity is pleasant.
Item9 Jigy o3 1otk sacg . 0.893
Because this activity is fun.
Item13 Jlogs 1use 5 Idooa) £ 03 1dGele ced 1o, 0.761
Because I feel good when doing this activity.
Item2 Jioos 16 @204 Jdualdz ¢ 1duie uas. 0.898
Because I am doing it for my own good.
Item6 Jioos T s 1o o3 1ol acass dis. 0.954
Because I think that this activity is good for me.
Item10 QiU Uiguas. 0.923
By personal decision.
Ttem14 Jlos 13p0 Slo o3 Uil pea cldposas . 0.943
Because I believe that this activity is important for me.
Ttem3 Jige 20 1daca jom 10 G s 3J, 0.911
Because I am supposed to do it.
Item7 Jice Uicss sz gdus 1Bl <. 0.914
Because it is something that I have to do.
Item11 Jicos Jiad< i e, 0.875
Because I don’t have any choice.
Item15 Jlos I s loe sze £ de1dEgle <. 0.907
Because I feel that I have to do it.
Ttem$ 163 50 o3 1doiuiltla sddlisiis Jume alelal aal 131 &l s 3 304, 0.921
do this activity but I am not sure if it is worth it.
Item12 JHg sae JH s o) sgdias o3 1douiih dis. 0.679
I don't know; I don't see what this activity brings me.
Item16 ié}? ol I itac JJdOOQE Jowen eg“_zigﬂ.ﬂ 20 iua Jigs Zs ‘U iuag“_ze‘) e, 0.902
I do this activity, but I am not sure it is a good thing to pursue it.
Table 8. Summary of fit indices for the SIMS-15 confirmatory factor analysis models (N = 290)
Model x*/df AGFI GFI NFI TLI IFI=CFI PNFI PCFI RMSEA (CI 95%) SRMR
SIMS-15 1.542 0.92 0.94 0.97 0.98 0.99 0.77 0.80 0.04 (0.02-0.05) 0.02

Note. Xz/df: relative chi-square; AGFIL: Adjusted Goodness of Fit Index; GFI: Goodness of Fit Index; NFI: Normed Fit Index; IFIL:
Incremental Fit Index; TLI: Tucker-Lewis Index; CFI: Comparative Fit Index; PNFI: Parsimony Normed Fit Index; PCFI: Parsimony
Comparative Fit Index; SRMR: Standardized Root Mean Square Residual; RMSEA: Root Mean Square Error of Approximation; CI:

Confidence Interval.

CI = 0.02-0.05). The AGFI and GFI exceeded 0.92, while
the CFI, NFI, and TLI were above 0.98, indicating an overall
satisfactory fit. The PCFI and PNFI values were higher than
0.77. Both the SRMR and RMSEA indicated an excellent fit,
remaining below 0.02 and 0.04, respectively.

These results demonstrate that the Arabic version of the
SIMS-15 four-factor model exhibited excellent fit indices,
confirming the scale’s construct validity (Table 8).

The four-factor structure of the SIMS-15 was confirmed
for a sample of Tunisian secondary school students,
demonstrating an excellent fit to the proposed theoretical
model across all examined indices (Figure 1).

Average variance extracted (AVE) and
composite reliability (CR) coefficients

To assess convergent validity, factor loadings for each
item, along with the corresponding AVE and CR values, were
calculated (Hair et al., 2013). The AVE provides a summary
measure of convergence among items that represent a latent
construct (Fornell & Larcker, 1981). Both the AVE and
CR ranged between 0 and 1, with higher values indicating
greater reliability. AVE is mathematically expressed as the
sum of squared factor loadings divided by the number of
items: AVE= X\*/n.
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CR quantifies the internal consistency among scale items
(Netemeyer et al., 2003) and represents the shared variance
between the observed indicators of a latent construct (Fornell
& Larcker, 1981). It is computed as:

CR=Z N/ [(ZN* + Z(1-\%)]

CR values between 0.6 and 0.7 are generally acceptable,
whereas values above 0.7 are preferred in advanced research
settings. According to Fornell and Larcker (1981), convergent
validity remains acceptable if the AVE falls below 0.5 and the
CR exceeds 0.6. A measurement model is considered reliable
when the CR exceeds 0.7 (Hair et al., 2019).

In the present study, the AVE values were 0.722 for IM,
0.864 for IR, 0.813 for ER, and 0.708 for AM (Table 9). These
values exceeded the recommended thresholds, indicating
that the majority of the variance in the items was attributable
to the underlying constructs rather than measurement error.

Table 9. The average variance extracted and composite
reliability for each subscale of the SIMS-15

Dimension AVE CR
Intrinsic motivation 0.722 0.912
Identified regulation 0.864 0.962
External regulation 0.813 0.945
Amotivation 0.708 0.877

Note. AVE: Average Variance Extracted; CR: Composite
Reliability.

Sensitivity analysis

The sensitivity analysis assessed the ability of the SIMS-
15 to discriminate between theoretically distinct subgroups,
thereby providing evidence of known-groups validity within
the broader construct-validation framework (Terwee et al.,
2007). The MANOVA showed a significant multivariate
effect of region on the SIMS dimensions, Pillai’s Trace =
0.098, Fg 560y = 3.620, p < 0.001. In contrast, neither gender,
Pillai’s Trace = 0.004, F(, ,5,,=0.295, p = 0.881, nor the Region
x Gender interaction, Pillai’s Trace = 0.001, F 5= 0.051,
p = 1.000, reached statistical significance.

Follow-up univariate analyses indicated significant
regional effects for IM, F(, 554 = 5.821, p = 0.003, np* = 0.039,
95% CI [0.005, 0.088]; IR, F(, 55 = 3.698, p = 0.026,
np* = 0.025, 95% CI [0.000, 0.067]; and ER, Fp, 5y = 5.613,

p = 0.004, np> = 0.038, 95% CI [0.004, 0.086]. No significant
regional effect was observed for AM, F(, 554y = 0.405, p = 0.667,
np” = 0.003, 95% CI [0.000, 0.021] (Table 10).

Descriptively, students from Southern Tunisia reported
the highest scores for IM (M = 23.38) and ER (M = 23.12),
whereas students from Northern Tunisia showed the highest
mean score for IR (M = 21.02). AM scores were low and
relatively similar across the three regions (Table 3). Overall,
regional differences were statistically significant for IM, IR,
and ER, but the effect sizes were small, indicating that region
explained only a modest proportion of variance in these
motivational dimensions. No meaningful effect of gender
or Region x Gender interaction was found across the four
SIMS subscales.

Discussion

The purpose of motivational pedagogy is to enhance
students’ IM to learn by employing effective instructional
strategies and supportive practices. This pedagogical
approach is grounded in the belief that motivation constitutes
a central component of learning and that teachers can
substantially influence students’ engagement and academic
success by creating a classroom environment that nurtures
motivation (Ryan & Deci, 2000b; Stipek, 2002). Accordingly,
the present study aimed to translate the SIMS into Arabic
and validate its psychometric properties by examining its
internal consistency and factorial structure. The findings
revealed that the Arabic version of the SIMS-15 demonstrated
strong psychometric soundness and is suitable for use in
physical education contexts. These outcomes are consistent
with those of prior validation studies in both the academic
and physical activity domains (Guay et al., 2000; Hassani
et al., 2024; Gamboa et al., 2017; Martin-Albo et al., 2009;
Wasicek & McHugh, 2024; Muniandy et al., 2023; Standage
etal., 2003).

Both exploratory and confirmatory analyses provided
strong evidence supporting the factorial validity of SIMS-15.
The CFA confirmed the four-factor structure—IM, IR, ER,
and AM—in line with the self-determination theory (Deci
& Ryan, 1985). This structure replicates the findings of prior
validation studies across educational and physical activity
settings (Guay et al., 2000; Hassani et al., 2024; Martin-Albo
et al,, 2009; Osterlie et al., 2019). The sample’s adequacy for
factor analysis was verified using a robust KMO value of

Table 10. Effects of region, gender, and their interaction on the SIMS-15 dimensions.

Effect IM IR

ER AM

F(2,284) = 5.821** F(2, 284) = 3.698*
np* = 0.039 np> = 0.025
95% CI [0.005, 0.088] 95% CI [0.000, 0.067]

Region

Gender F(1, 284) = 0.466 F(1, 284) = 0.038

np> = 0.002 np> < 0.001

95% CI [0.000, 0.024] 95% CI [0.000, 0.013]
Region  xF(2,284) = 0.046 F(2, 284) = 0.002
Gender np> < 0.001 np> < 0.001

95% CI [0.000, 0.004] 95% CI [0.000, 0.000]

F(2,284) =5.613** F(2,284) = 0.405
np’> =0.038 np> =0.003
95% CI [0.004, 0.086] 95% CI [0.000, 0.021]

F(1, 284) = 0.280 F(1,284) = 0.641
np> = 0.001 np> = 0.002
95% CI [0.000, 0.021] 95% CI [0.000, 0.026]

F(2,284) =0.079 F(2, 284) = 0.057
np”> = 0.001 np> < 0.001
95% CI [0.000, 0.008] 95% CI [0.000, 0.006]

Note. IM: intrinsic motivation; IR: identified regulation; ER: external regulation; AM: amotivation. np*: partial eta squared. **: p <
0.01; *: p < 0.05. The 95% confidence intervals for np® were estimated from the F statistics using the noncentral F-distribution approach

(Lakens, 2013).
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0.838 and a highly significant Bartlett’s test of sphericity (p
< 0.001). The factor loadings ranged from 0.679 to 0.954,
indicating clear item—factor relationships (Tabachnick et al.,
2007; Hayton et al., 2004). The CFA yielded excellent model-
fit indices (x*/df = 1.542, CFI = 0.99, TLI = 0.98, SRMR =
0.02, RMSEA = 0.04), satisfying the stringent criteria for a
well-fitting model (Hu & Bentler, 1999; Schermelleh-Engel et
al., 2003). The SIMS-15 demonstrated excellent convergent
validity. Within each subscale, inter-item correlations were
strong, while correlations across subscales were notably
weaker, indicating that the four dimensions assess distinct
yet conceptually related constructs (Floyd & Widaman, 1995;
Tabachnick & Fidell, 2013). AVE values ranged from 0.708
to 0.864, well above the recommended threshold of 0.50, and
the CR values ranged from 0.877 to 0.962, exceeding the 0.70
benchmark (Fornell & Larcker, 1981; Hair et al., 2019).

The transition from the original 16-item scale to the
Arabic SIMS-15 preserves conceptual equivalence and
remains aligned with self-determination theory (Deci &
Ryan, 2000). Item 4 captures a meta-cognitive facet of AM,
in which students acknowledge that reasons for engagement
may exist while personally failing to see their relevance.
This formulation likely created psycholinguistic and cultural
interpretation difficulties among Tunisian students (Beaton
etal.,2000). Thus, the weak loading appears to reflect cultural
specificity rather than a weakness in the AM construct itself,
a pattern also reported in non-Western adaptations of self-
determination theory instruments (Hassani et al., 2024).
Importantly, the three retained AM items (8, 12, and 16)
still capture the definitional core of AM, including lack of
intentionality and low perceived outcome contingency.
With three indicators, the AM factor remains structurally
identifiable and psychometrically stable (Kline, 2023).
Consequently, the four-factor motivational continuum of
the original SIMS (Guay et al., 2000) is retained while the
Arabic version shows clearer factorial performance in this
educational context.

The Arabic version of the SIMS-15 exhibited high
internal consistency and temporal stability. Reliability indices
were robust, with Cronbach’s alpha (0.846), McDonald’s
omega (0.788), and Guttman’s A\* (0.883) all exceeding
recommended thresholds (Cronbach, 1951; Tavakol &
Dennick, 2011). Test-retest reliability over a two-week
interval among 35 participants yielded a Pearson correlation
of 0.905 and an ICC of 0.950, confirming strong stability
over time (Shrout & Fleiss, 1979; Bujang & Baharum, 2017).
These findings indicate that the SIMS-15 provides consistent
measurements suitable for both longitudinal and cross-
sectional applications. From a psychometric standpoint,
the sensitivity analysis provides evidence of known-groups
validity: significant zone effects on IM, IR, and ER show
that the SIMS-15 is sensitive to contextual variation in
motivational profiles. The absence of significant gender-
related effects offers preliminary evidence of cross-group
consistency, although formal invariance testing is still
required, as noted in the Limitations section. The absence
of a zone effect for AM probably reflects floor-level scores
in this sample, which limited between-group variability
(Terwee et al., 2007).

The replication of the SIMS four-factor structure
in an Arabic-speaking North African context provides
cross-cultural support for the self-determination theory

motivational continuum (Ryan & Deci, 2023; Chirkov et al.,
2003). Several cultural features of the Tunisian educational
context may help explain the factor solution. The strong
coherence of the IR and ER subscales (AVE =0.864 and 0.813,
respectively) may reflect the salience of both internalized
value and social obligation as distinct motivational forces in
a broadly collectivist setting. This interpretation is consistent
with cross-cultural self-determination theory research
showing that autonomous and controlled motivations
remain structurally distinguishable in collectivist societies
(Chirkov et al., 2003; Vansteenkiste et al., 2006). In addition,
the uniformly low AM scores may partly reflect social
desirability tendencies in a compulsory school activity, as
students may be less inclined to endorse a complete absence
of motivation (Markus & Kitayama, 1991). Finally, the
psycholinguistic distance between Modern Standard Arabic
and the Tunisian vernacular (Darija) may have contributed
to differential item comprehension, particularly for item
4. Future adaptations should therefore consider register-
sensitive formulations for Maghrebi Arabic populations.

Limitations

This study had several limitations that warrant
consideration. First, the sample consisted solely of
secondary education students; thus, future research should
include participants from different educational levels and
institutions. Second, the sample was limited to Tunisian
students, which restricts the generalizability of the findings to
broader Arabic-speaking populations. Third, the SIMS does
not include all types of motivational regulation described
in self-determination theory; specifically, integrated and
introjected regulations are absent. Future studies should
examine whether including these dimensions enhances
the understanding of situational motivation. Fourth,
although the exclusion of item 4 from the AM subscale was
psychometrically justified and preserved the theoretical
continuum, the resulting three-item subscale provides
slightly narrower coverage of the AM facet originally
conceptualized by Guay et al. (2000). Future research
should develop and validate a culturally and linguistically
appropriate replacement item to capture this specific meta-
cognitive dimension of AM in Arabic-speaking educational
contexts. Fifth, the present study did not conduct formal
measurement invariance testing across gender and age
groups. Without establishing at least configural and metric
invariance through multi-group CFA (Vandenberg & Lance,
2000; Putnick & Bornstein, 2016), ANOVA-based group
comparisons should be interpreted cautiously, because
observed score differences may partly reflect measurement
non-equivalence rather than true latent mean differences.
Future studies should systematically test the measurement
equivalence of the Arabic SIMS-15 across gender, age, and
regional subgroups. Finally, future investigations should
also consider additional cognitive and affective correlates
of motivation, as well as contextual antecedents such as
perceived competence and motivational climate.

Conclusion

This study assessed the psychometric properties of the
Arabic version of the SIMS-15 among secondary school
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students in physical education. Results indicated strong
construct validity, excellent internal consistency, and
temporal stability. After the removal of one item, the 15-
item model demonstrated superior fit and reliability. Hence,
the Arabic SIMS-15 can be considered a reliable and valid
tool for assessing situational motivation among Arabic-
speaking students. Its brevity, clarity, and practicality make
it particularly suitable for educational settings. Future work
should explore how this instrument can support the design
of motivational learning environments that foster students’
self-determination and engagement in physical education.
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MNepeknap Ta ncnxomeTpunyHa Banignsauisa apabcbKoi Bepcii
Likanu cutyatBHOI MOTUBaLil B KOHTEKCTi PpiSNYHOro BUXOBaHHA

Mamxkai Byasisi'*A5P, Moxamen baa3isz>**?“P, 3eitnab Xenbmi A6ymyaini* P, @yepn lleyp'AP

'BipryanbHuit yHiBepcuret TyHicy
*YuiBepcurer [acn

* VuiBepcuret Many6u
*Mopnancbkuii yHiBepcutet

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

Pedepar. Crarrs: 13 ., 10 Tab., 1 puc., 82 mxeperna.

Mera. Ilepexnactu Ta BajmigusyBaru apabcbky Bepciro Hlkamu curyarusaoi Mmotusauii (Situational Motivation Scale,
SIMS), a Tako>X OLIHUTHU ii IICMXOMETPUYHi BIACTUBOCTI cepel Y4YHIB 3aKIajiB 3arajbHOI cepenHboi ocitn Tynicy B
KOHTEKCTi (i3MIHOrO BUXOBAHHS.

Marepianu Ta MeToay. Y OCIiKeHHI B35 yyacTb 580 y4HIB 3aK/IafiB 3arajbHOI cepefHbol OCBiTH (CepenHiit Bik
= 17,48 + 1,46 poxky) 3 pi3Hux perionis Tynicy. OpurinanbHa Bepcisg SIMS MicTTb 16 IyHKTIB, 1IJ0 OLiHIOIOTH BHYTPILIHIO
MOTMBALiI0, ileHTU(IKOBaHY pery/Alilo, 30BHILIHIO pery/ililo Ta amoryusauito. I1if yac ypokiB ¢isyHOro BUXOBaHHA
y4Hi 3an0BHIOBanu apabcpKy Bepcito mkann. [Tomrykosuit ¢akropuuit ananis (EFA) 6ymo mpoBefeHO Ha BUIIAZKOBO
Bifibpaniit migBn6ipi 3 290 y4acHUKIB, TOAI K HiATBepAKyBanbHui dakropHuit aHamis (CFA) BMKOHAHO Ha He3a/IeXHII
nigBubipui 3 290 yvacHukiB. OIiHIOBanu BHYTPIIIHIO Y3TOAXKEHICTb, TECT-PETECTOBY HAfiNHICTh, KOHCTPYKTUBHY
BaJIiJHICTh, KOHBEPI€HTHY BaJIiJHICTD 1 KOMIIO3UTHY HaJi/IHICTb.

PesynpraTi. OnuH IyHKT CyO6IIKaIM aMOTUBALlil TPOJIeMOHCTPYBaB (paKTOPHe HaBaHTAXXEHHA HIDKYe KPUTepiaTbHOTO
3HayeHHA 0,40 i 6YB BUIydeHuIt, YHaCTIiKok 4oro cdopmoBaHo Bepcio SIMS-15. IlepersanyTa IKana IpofeMOHCTpyBaa
1o6py BHyTpimHIO y3romkeHicTs (o Kponbaxa = 0,846; w Makpgoxanszia = 0,788; A2 [yrrmana = 0,883) ta BigMiHHY 9acoBy
cTabibHICTD YIpORoBX ABOTIDKHEBOrO iHTepBany (ICC = 0,950; 95% JI = 0,901-0,975; r = 0,905; 95% 11 = 0,818-0,951;
p < 0,001). [TigTBepmKyBanbumii pakTOpHUIT aHAM3 3acBigunB YoTHpudakTOpHy cTpyKTypy SIMS-15 (}*/df = 1,542;
CFI = 0,99; GFI = 0,94; RMSEA = 0,04). Cepepus Bunydena gucnepcis (AVE) cranosmna Big 0,708 o 0,864, Toni sk
koMnosutHa HafirHicTs (CR) — Big 0,877 go 0,962, 110 CBigYUTDb PO 3aJ0BIIbHY KOHBEpreHTHY BaliffHICTh i HafiliHICTb.

BucnoBkn. Apabcpka Bepcia SIMS-15 npofgeMOHCTpyBaa 3a/jOBiIbHI TOKa3HMKM HAaIiiHOCTI Ta BalTiHOCTI i MOXe
OyTVH peKOMeHI0BaHa fAK IICUXOMETPMIHO OOTPYHTOBAHMII iHCTPYMEHT [/ OI[iHIOBAHHA CUTYAaTMBHOI MOTMBAIil yJHiB
3aKJIafiB 3arajbHOI CepefHbOI OCBiTM Ha ypoKax (i3WYHOro BMXOBaHH:A. AJJallTOBaHA LIKaja 36epirae opuriHambHy
JOTUPU(AKTOPHY CTPYKTYPY Ta IMifTBEPIKY€e CBOI0 HMPUAATHICTD /IS BUKOPUCTAHHSI B apabOMOBHOMY OCBITHBOMY
CepeNoBUIIL.

Kiroyogi croBa: mcuxoMeTpIyHi BIACTUBOCTI, CUTyaTVBHA MOTHBAIlifA, apabcbka MOBa, TPAHCKY/IBTYPHA BasliAM3aliis,
¢isuuHe BUXOBaHHA.
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Abstract

Background. Clubhead speed (CHS) is a key determinant of golf performance and is influenced by the efficient
transfer of energy throughout the kinematic sequence. Peak pelvic rotation angle (PPRA) at the top of the backswing
has been proposed as an important biomechanical factor contributing to swing performance; however, previous
studies have reported conflicting findings regarding whether greater pelvic rotation is associated with superior
outcomes. Consequently, the biomechanical role of PPRA in golf performance remains unclear.

Objectives. This study aimed to (1) determine the association between PPRA and CHS, (2) compare PPRA
characteristics between golfers with different performance levels, and (3) clarify the biomechanical role of PPRA in

golf swing performance.

Materials and Methods. Eighteen male amateur golfers performed 30 valid swings using a 7-iron under standardized
conditions, resulting in 540 analyzed swings. PPRA was measured using an inertial measurement unit (IMU)-based
motion capture system, while CHS was assessed using Golfzon Vision. A Linear Mixed Model (LMM) was applied

to examine the association between PPRA and CHS, and independent-samples t-tests were used to compare PPRA

between the high-CHS and low-CHS groups.

Results. PPRA was significantly associated with CHS (B = 0.164, p < 0.001), indicating that greater pelvic rotation
contributed to increased clubhead speed. However, golfers in the high-CHS group demonstrated significantly
smaller PPRA values than those in the low-CHS group (18.49 + 1.86° vs. 22.45 + 4.38° p = 0.019, Cohen’s d = 1.085).
Additionally, the high-CHS group exhibited lower variability in PPRA, suggesting greater movement consistency.
Conclusions. PPRA contributes to CHS generation; however, superior performance appears to depend more on the
optimization and consistency of pelvic rotation than on greater rotational magnitude. These findings suggest that
PPRA should be interpreted as a movement coordination characteristic within the kinematic sequence rather than as

a performance variable that should simply be maximized.

Keywords: IMU-based, golf biomechanics, peak pelvic rotation angle, clubhead speed.

Introduction

Clubhead speed (CHYS) is widely recognized as one of the
primary determinants of golf performance because it directly
influences ball velocity, shot distance, and competitive
success. The generation of CHS depends on the efficient
transfer of mechanical energy throughout the body during
the golf swing, which is considered a highly coordinated
multi-segment movement. Previous biomechanical
investigations have established that the golf swing follows

© Vo, M. H., Nguyen, T. T., & Cao, N. T. M., 2026.
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a proximal-to-distal kinematic sequence, whereby
movement is initiated by the pelvis, followed sequentially
by the thorax, lead arm, and finally the club. During the
transition from backswing to downswing, each segment
changes direction in a coordinated manner, allowing energy
to be transferred efficiently through the kinetic chain and
ultimately contributing to clubhead acceleration at impact.
Consequently, understanding the biomechanical factors that
influence this kinematic sequence is essential for improving
golf performance and optimizing training strategies (Ball &
Best, 2007; Roberts et al., 2024).

Within this kinematic sequence, pelvic motion has been
identified as a critical contributor to power generation. As
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the most proximal rotational segment, the pelvis initiates the
transfer of energy from the lower extremities to the upper
body and club. Previous studies have shown that skilled
golfers generally demonstrate superior pelvic rotational
characteristics compared with less-skilled golfers, suggesting
an important role of pelvic function in swing performance
(Callaway et al., 2012; Cheetham et al., 2008). Furthermore,
biomechanical research has consistently reported significant
relationships between pelvic kinematics and performance-
related outcomes, including CHS, ball speed, driving
distance, and impact quality (Myers et al., 2008; Meister et
al., 2011; Sim et al., 2017). In addition to pelvic rotation
angle, variables such as X-factor, pelvic rotational velocity,
pelvis-thorax coordination, and pelvic obliquities have
been identified as important contributors to golf swing
effectiveness (Meister et al., 2011; Steele et al., 2018).
Among these variables, peak pelvic rotation angle
(PPRA) at the top of backswing may represent a particularly
important biomechanical factor because it reflects the
rotational loading achieved before downswing initiation.
From a biomechanical perspective, greater rotational loading
may enhance the storage of elastic energy and facilitate
its subsequent transfer through the kinetic chain, thereby
contributing to higher clubhead speed. Supporting this
concept, Myers et al. (2008) demonstrated that trunk and
pelvic rotational characteristics are associated with driving
performance, whereas Hume et al. (2005) reported that
the ability to maximize rotational separation between the
shoulders and pelvis is strongly related to driving distance in
skilled golfers. These findings suggest that PPRA may play
an important preparatory role in generating the rotational
energy required for effective downswing acceleration.
Despite the recognized importance of pelvic motion, the
specificbiomechanicalrole of PPRA remains unclear. Existing
evidence presents conflicting findings regarding whether
greater pelvic rotation is beneficial for golf performance. On
one hand, several studies suggest that rotational variables
contribute positively to CHS and overall swing effectiveness
(Myers et al., 2008; Meister et al., 2011). On the other hand,
evidence indicates that maximizing pelvic rotation may
not necessarily result in superior performance. Myers et al.
(2008) reported that golfers seeking to increase clubhead
speed often achieve greater upper trunk rotation while
simultaneously limiting excessive pelvic rotation at the top of
backswing. Similarly, Lynn et al. (2013) found no significant
differences in peak pelvic angular velocity between elite and
recreational golfers, challenging the assumption that greater
pelvic motion automatically leads to better performance.
These contradictory findings may be interpreted
through the perspective of motor control theory. According
to Bernstein’s theory of motor redundancy, the human
movement system possesses multiple coordination solutions
for achieving the same performance outcome, meaning that
skilled performers are not constrained to a single optimal
movement pattern (Bernstein, 1967). Similarly, Schmidt
and Lee (2019) proposed the concept of motor equivalence,
whereby different movement strategies can produce
equivalent task outcomes. Applied to golf, these theories
suggest that golfers may achieve similar or even superior
CHS through different pelvic rotation strategies, provided
that energy transfer within the kinematic sequence remains
efficient. Therefore, superior performance may depend

less on maximizing pelvic rotation magnitude and more
on optimizing the coordination and timing of segmental
motion throughout the swing. This perspective provides a
theoretical explanation for the inconsistent findings reported
in previous biomechanical studies and highlights the need to
clarify the specific role of PPRA in golf performance.

Consequently, a significant knowledge gap remains
regarding whether PPRA should be interpreted as a
biomechanicalfactorthatdirectlyenhancesperformanceoras
amovement characteristic reflecting individual coordination
strategies within the golf swing. Although previous studies
have investigated pelvic biomechanics using laboratory-
based motion capture systems, relatively little evidence is
available concerning the use of wearable technologies to
examine the relationship between PPRA and performance
outcomes in amateur golfers. Recent advancements in
inertial measurement unit (IMU) technology have enabled
practical and field-based biomechanical assessment. IMUs
have demonstrated acceptable validity for measuring golf
swing rotational biomechanics and offer several advantages
over traditional motion capture systems, including
portability, lower cost, and real-time feedback capabilities
(Lee & Lee, 2022; Kim et al., 2023). As a result, IMU-based
systems provide a promising opportunity to investigate the
biomechanical significance of PPRA in ecologically valid
training and performance environments.

Therefore, the present study aimed to investigate the
biomechanical role of peak pelvic rotation angle in golf
swing performance using an IMU-based motion capture
system. Specifically, the purposes of this study were to: (1)
determine the association between PPRA and clubhead
speed, (2) compare PPRA characteristics between golfers
with different performance levels, and (3) clarify the
biomechanical role of PPRA in golf swing performance.
By integrating biomechanical theory, motor control
principles, and wearable sensor technology, this study seeks
to contribute to a more comprehensive understanding of
how pelvic rotation influences golf swing mechanics and
performance.

Material and Methods

Study Design

This study employed a cross-sectional repeated-
measures biomechanical design to investigate the role of
PPRA in golf swing performance. The design was developed
based on the theoretical framework of the proximal-to-
distal kinematic sequence, which proposes that rotational
energy is transferred sequentially from the pelvis to the
thorax, upper extremities, and ultimately the club during
the golf swing (Roberts et al., 2024). Within this framework,
PPRA at the top of backswing was considered a key
biomechanical variable reflecting rotational loading prior to
downswing initiation. To address the study objectives, two
complementary analytical approaches were adopted. First,
a Linear Mixed Model (LMM) was used to examine the
association between PPRA and clubhead speed (CHS) while
accounting for repeated observations within participants.
Second, golfers were classified into high-performance and
low-performance groups according to CHS to compare
PPRA characteristics between performance levels. This
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approach was selected to evaluate whether PPRA functions
primarily as a performance-related biomechanical factor or
as an individual movement strategy within the golf swing.

Participants

A total of 18 male undergraduate students majoring
in Golf at Ton Duc Thang University, Vietnam voluntarily
participated in this study. All participants met the following
inclusion criteria: (1) completion of the course: Golf Swing
Technique with Mid-Irons (6, 7, 8) with at least 60 hours
of practice, (2) a minimum of 1.5 years of golf experience,
(3) right-handed dominance, and (4) no musculoskeletal
injuries within the previous six months. Participants had not
yet obtained an official handicap (System 36), representing
an amateur skill level. The age, height, and body mass of the
participants (Mean+ SD) were 20.3 * 1.1 years, 174.72 +
5.26 cm, and 66.72 + 9.75 kg, respectively. All participants
were informed about the study procedures and provided
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voluntary consent prior to participation. The study was
conducted in accordance with ethical standards for human
research.

Procedure and Instruments

In order to ensure consistency across sessions, data
gathering was carried out in a controlled 3D golf simulation
environment. To reduce variation in equipment settings,
participants had a standardised warm-up and familiarity
session with a 7-iron club and standardised golf balls before
to testing. Pelvic kinematics were recorded using an IMU-
based system (Noraxon Ultium Portable Lab), which has
been widely used for wearable motion analysis in sports
biomechanics. The IMU sensor was securely attached
to the sacral region (between the posterior superior iliac
spines at the L5-S1 level) following established protocols to
capture pelvic rotation during the golf swing (Wolski et al.,
2024). The system was calibrated using the MyoMOTION
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Fig. 1. Experimental setup including Noraxon Ultium Portable Lab , IMU sensor placement, Golfzon Vision system, 7-Iron Club, NiNox
120fps Camera

Finish

Fig. 2. PPRA measured by IMU across key phases of the golf swing (Address, Top of Backswing, Impact, and Finish)
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calibration procedure prior to data collection to ensure
measurement accuracy. NiNOX 120 fps camera was used to
visually verify swing phases and synchronize kinematic data.
CHS was measured using the Golfzon Vision system, which
utilizes high-speed optical tracking technology to provide
reliable ball and club metrics.

Each participant performed 30 valid golf swings using
a 7-iron, resulting in a total of 540 swings included in
the analysis. This repeated-measures design was adopted
to capture within-subject variability and improve the
robustness of the dataset (Tirrell et al., 2018).

Data Collection and Statistical Analysis

Raw data were exported and organized using Microsoft
Excel prior to statistical analysis. Descriptive statistics
(Mean * SD) were calculated to summarize participant
characteristics and key variables, including PPRA and CHS.
Given the repeated-measures structure of the data (multiple
swings per participant), a Linear Mixed Model (LMM) was
employed to examine the relationship between PPRA and
CHS while accounting for inter-individual variability. This
approach is appropriate for hierarchical biomechanical
data and allows for more accurate estimation of fixed an d
random effects (Tirrell et al., 2018).

To further explore performance differences, participants
were divided into two groups (high CHS and low CHS)
based on the overall mean CHS value. The normality of the
data was assessed using the Shapiro-Wilk test. Independent
samples t-tests were then conducted to compare peak pelvic
rotation angle between groups. Effect sizes were calculated
using Cohen’s d and interpreted as small (0.2), medium
(0.5), and large (= 0.8) (Cohen, 1988). The level of statistical
significance was set at p < 0.05. All statistical analyses were
performed using IBM SPSS Statistics 26.0

Results

Characteristics of Peak Pelvic Rotation and Clubhead Speed

Descriptive statistics of the main variables are presented
in Table 1. The mean CHS of the participants was 34.35 +
2.59 m/s, representing an intermediate amateur performance
level. The mean peak pelvic rotation angle was 20.91 + 4.06°,
with a relatively wide range (13.85° - 27.43°), indicating
notable inter-individual variability in pelvic kinematics
during the backswing phase. The relatively large standard
deviation suggests inconsistent motor control among
amateur golfers, particularly in the coordination of pelvic
rotation within the kinematic sequence.

Table 1. Descriptive statistics of PPRA and CHS

Variable N Min Max Mean SD
PPRA(®) 18 13.85 27.43 20.91+4.06
CHS(m/s) 18 31.13 39.40 34.35+2.59

Association between PPRA and CHS

The LMM analysis revealed a statistically significant
positive association between PPRA and CHS (Table 2).

Specifically, pelvic rotation significantly predicted CHS (f
= 0.164, SE = 0.016, t = 9.966, p < 0.001), indicating that a
1° increase in pelvic rotation was associated with an average
increase of 0.164 m/s in CHS, after accounting for inter-
individual variability. The 95% confidence interval (0.132
- 0.196) did not include zero, confirming the robustness of
this relationship. Variance component analysis indicated
substantial between-subject variability (Variance = 3.208)
and within-subject residual variance (2.189), resulting in
an intraclass correlation coefficient (ICC) of approximately
0.594. This suggests that 59.4% of the variance in CHS can be
attributed to differences between individuals.

Table 2. LMM examining for the association between
PPRA and CHS

Parameters Est(lg;ate Std. Error t Sig 95% CI
Intercept 30.770 0.751  40.921 0.000 29.229-32.311
PPRA (°) 0.164 0.016 9.966 0.000 0.132-0.196

PPRA Characteristics across performacne
levels: High-CHS and Low-CHS Groups

To address the second and third objectives, participants
were categorized into high-CHS and low-CHS groups
according to the overall mean CHS. Independent-samples
t-tests demonstrated significant differences in PPRA
between groups (t = -2.643, p = 0.019). Interestingly, golfers
in the high-CHS group exhibited significantly smaller
PPRA values (18.49 + 1.86°) than golfers in the low-CHS
group (22.45 + 4.38°). Furthermore, the standard deviation
of PPRA was substantially lower in the high-performance
group, indicating greater movement consistency. The effect
size was large (Cohen’s d = 1.085), suggesting a meaningful
practical difference between groups.

3000

2000

1000

Fig. 3. Distribution of PPRA by High CHS and Low CHS
performance group

Summary of findings related to the
Biomechanical role of PPRA

The combined findings from the LMM and group
comparison analyses indicate that PPRA is associated with
CHS but does not appear to function as a performance
variable that should be maximized. Although greater PPRA
was positively associated with CHS across repeated swings,
golfers who achieved higher-CHS demonstrated smaller
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Table 3. Comparison of PPRA between high and low CHS groups

High CHS Group (N =7),

Variable Mean + SD

Low CHS Group (N=11),
Mean + SD

t(df) p-value Cohen’s d

PPRA (o) 18.49 + 1.86

22.45 +4.38

-2.643(14.526) 0.019 1.085

Note: *Statistical significance at < 0.05

and more consistent PPRA values than lower-CHS golfers.
These findings suggest that the biomechanical role of PPRA
may be better understood as a movement coordination
characteristic within the kinematic sequence rather than a
variable whose magnitude alone determines performance.

Discussion

The purpose of this study was to investigate the
biomechanical role of peak pelvic rotation angle (PPRA) in
golf swing performance using an IMU-based motion capture
system. Three principal findings emerged from the study.
First, PPRA demonstrated a significant positive association
with clubhead speed (CHS). Second, golfers with higher-
CHS exhibited significantly smaller and more consistent
PPRA values than lower-CHS golfers. Third, the combined
findings suggest that PPRA should not be interpreted
solely as a performance-enhancing variable but rather as a
movement coordination characteristic that contributes to
the optimization of the kinematic sequence.

The positive association observed between PPRA and
CHS supports the first study objective and is consistent
with previous biomechanical research emphasizing the
importance of pelvic motion in golf swing performance.
The pelvis serves as the initial segment within the proximal-
to-distal kinematic sequence and plays a fundamental role
in transferring rotational energy from the lower body to
the thorax, upper extremities, and ultimately the club (Neal
et al., 2007; Roberts et al., 2024). From a biomechanical
perspective, greater pelvic rotation at the top of backswing
may increase rotational loading and contribute to the storage
of elastic energy that can subsequently be released during
the downswing. Previous studies have reported significant
relationships between trunk-pelvis rotational characteristics
and clubhead speed, suggesting that rotational preparation
during the backswing is an important determinant of swing
power generation (Hume et al., 2005; Myers et al., 2008;
Meister et al., 2011). Therefore, the present findings provide
further evidence that PPRA contributes to the generation
of CHS by supporting the effective transfer of energy
throughout the kinetic chain.

However, the second finding revealed an apparently
contrasting pattern. Although PPRA was positively
associated with CHS across repeated swings, golfers in the
high-CHS group demonstrated significantly smaller PPRA
values than those in the low-CHS group. Moreover, PPRA
variability was substantially lower among higher-performing
golfers. This finding suggests that superior performance is
not necessarily achieved through maximizing pelvic rotation
magnitude. Instead, it appears that skilled performers
may operate within a more optimal range of pelvic
rotation while maintaining greater movement consistency.
Similar observations have been reported in previous golf
biomechanics research, where elite golfers did not always

exhibit larger rotational amplitudes than less-skilled golfers
despite achieving superior performance outcomes (Lynn
et al., 2013). Myers et al. (2008) likewise suggested that
increasing upper trunk rotation while limiting excessive
pelvic rotation may contribute to higher clubhead speeds,
indicating that effective performance may depend on how
rotational movements are coordinated rather than on the
magnitude of a single kinematic variable.

The apparent discrepancy between the LMM results
and the group comparison findings can be interpreted
through motor control theory. Bernstein’s theory of
motor redundancy proposes that the human movement
system possesses multiple coordination solutions capable
of producing the same performance outcome (Bernstein,
1967). Similarly, Schmidt and Lee (2019) described the
concept of motor equivalence, whereby different movement
patterns may generate equivalent task results. Applied to
golf, these theories suggest that golfers can achieve high
clubhead speeds through different movement strategies,
provided that the overall kinematic sequence remains
efficient. Consequently, larger PPRA values may contribute
to CHS generation within an individual golfer, but superior
performers may not require greater pelvic rotation if they
possess more efficient coordination between the pelvis,
thorax, arms, and club. This interpretation provides a
theoretical explanation for the contradictory findings
reported in previous golf biomechanics studies and supports
the notion that movement efficiency is more important than
movement magnitude alone.

From a biomechanical standpoint, the present
findings suggest that PPRA functions as a component of
movement optimization rather than a variable that should
be maximized. Previous research has demonstrated that
successful golf swings depend on the timing and sequencing
of body segments rather than on the isolated magnitude of
individual movements (Cheetham et al., 2008; Neal et al.,
2007). Excessive pelvic rotation may disrupt the temporal
organization of the kinematic sequence, potentially reducing
the efficiency of energy transfer from the pelvis to the thorax
and club. Conversely, an optimal level of pelvic rotation
may facilitate effective rotational loading while preserving
segmental coordination. Therefore, the biomechanical role
of PPRA appears to involve supporting the organization of
the kinematic sequence rather than directly determining
performance through larger rotational amplitudes.

An important practical implication of these findings is
that golf coaching should not focus exclusively on increasing
pelvic rotation range. Traditional coaching approaches often
encourage golfers to maximize backswing rotation in an
effort to increase power output. However, the present results
indicate that higher performance may be characterized by
more controlled and consistent pelvic motion rather than
greater rotational magnitude. Coaches should therefore
prioritize movement quality, timing, and coordination
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within the kinematic sequence. The use of wearable IMU
technology may facilitate this process by providing objective
feedback regarding pelvic motion characteristics during
training and competition settings. Such information may
help coaches identify individualized movement strategies
that optimize performance while avoiding excessive or
inefficient movement patterns.

Taken together, the findings of the present study suggest
that PPRA occupies a dual biomechanical role within the
golf swing. On one hand, PPRA contributes to clubhead
speed generation through its involvement in rotational
loading and energy transfer. On the other hand, superior
performance appears to be associated with the optimization
and consistency of pelvic rotation rather than its absolute
magnitude. Therefore, PPRA should be viewed not simply as
a performance variable to be maximized but as a movement
coordination characteristic that reflects the efficiency of the
golfer’s kinematic sequence.

Limitations

This study has several limitations that should be considered
when interpreting the findings. First, the sample consisted of a
relatively small group of amateur male golfers, which may limit
the generalizability of the results to other populations. Second,
the study focused exclusively on PPRA and CHS, without
considering other biomechanical variables such as X-factor,
trunk rotation, ground reaction forces, or muscle activation
patterns that may influence golf performance. Third, although
IMU technology provides a practical method for field-based
biomechanical assessment, measurement errors associated
with sensor placement and soft tissue movement cannot be
completely excluded. Future research should investigate PPRA
within a multi-sensor framework incorporating motion capture,
force plate, and EMG measurements to better understand the
mechanisms underlying energy transfer during the golf swing.
Additionally, studies involving elite golfers, female golfers, and
longitudinal intervention designs are needed to determine
whether optimizing PPRA and movement consistency can
enhance golf performance.

Conclusion

Thisstudy demonstrated a significant positive association
between Peak Pelvic Rotation Angle (PPRA) and Clubhead
Speed (CHS), indicating that pelvic rotational loading
contributes to golf swing performance. However, golfers with
higher CHS exhibited smaller and more consistent PPRA
values than lower-CHS golfers, suggesting that superior
performance is not achieved through maximizing pelvic
rotation magnitude. Collectively, these findings indicate
that the biomechanical role of PPRA extends beyond power
generation and is more closely related to the optimization
of movement coordination within the kinematic sequence.
Therefore, PPRA should be considered a movement-control
characteristic that supports efficient energy transfer rather
than a performance variable that should simply be increased.
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AocnipgxeHHA 6iomexaHIYHOI posii MaKCMManbHOro
KyTa NOBOPOTY Ta3a niA yac cBiHry B ronbQi

Miusb Xiey Bo'*“P, Txi Txam Hryen*”, Hrok Tyetp Minb Kao'®<P

"Yuigepcurer Tou [luk TxaHr
*YuiBepcuret (i3snuHOro BUXOBaHHS i criopTy MicTa Xomumin

ABTOpCBHKMIT BKIAJ;: A — Iu3aiiH gocnipkenns; B — 36ip ganux; C - cratananis; D - migroroska pykomcy; E - 36ip komris

Pegepar. Crartst: 8 c., 3 Tabn., 3 puc., 18 mxeper.

ITepenymosa. IlIBukicts ronosku Kmouku (CHS) € ogHuM i3 KII0YOBUX YMHHMKIB Pe3y/IbTaTUBHOCTI B Tro/bdi Ta 3aje-
JKUTD Bifl eeKTUBHOI IIepeadi eHepril B3oBX KiHeMaTUYHOTO JaHIfora. MakcumanbHuii KyT nosopory tasa (PPRA) y BepxHil
touri 3amaxy (backswing) posrisgaerses sk BaxamBuil 6ioMexaHiqHuit GpakTop, U0 BIUIMBAE HA e(EeKTUBHICTD CBIHTY; OffHAK
THoTepefHi JOCIiPKeHHs TOBIJOM/IIOTD CyIepewInBi pe3y/IbTaTy WOf0 TOTO, UM MO SI3aHNUIT OI/IBIINIT IOBOPOT Tas3a 3 BUILMMHI
MOKa3HMKaMM pe3y/IbTaTMBHOCTI. Y 3B>A3KY 3 LiuM 6ioMexaHiuHa ponb PPRA y pe3ynbrarMBHOCTI Ipy B roib@ 3a/IMIIAETHCS He-
JOCTaTHBO 3>COBAHOIO.

Mera mocnigxeHHs. MeToro 11p0ro gocmimkeHsst O0ymo: (1) BusHaunty 385130k Mk PPRA ta CHS; (2) mopiBHsiTu xapakre-
puctuku PPRA y ronbgictiB pisHOro piBHA pe3ynpTaTMBHOCTI; (3) yrounuTtn 6ioMmexaHiuny ponb PPRA y 3abesmnedenHi edex-
TUBHOCTI CBiHTY B ro/ibi.

Marepianu Ta MeTomu. Y TOCIi>KeHH] B34 y4acTb 18 4on0oBiKiB-aMaTOPiB, AKi BMKOHamM 1o 30 BaifHMX CBiHTiB K/II0Y-
KOI0 7-iron 3a CTaHAapTU30BaHNUX YMOB, Y pe3yibrari doro Oyno npoanaaizopaHo 540 cinris. PPRA BusHavanu 3a JOIoMOromw
CHCTeM! 3aXOIUIeHHs PyXiB Ha OCHOBI iHepljiaibHOro BuMiproBanbaoro Moy (IMU), toxi sk CHS ouinoBanu 3a fOIOMOromw0
cucremn Golfzon Vision. st ananisy serssky Mbx PPRA Ta CHS 3actocoByBamu iHiitHy sMiurany Mogens (Linear Mixed Model,
LMM), a g nopiBHsAHHA PPRA Mix rpymamu 3 Bucokoro Ta Husbkoto CHS BUKOpyCTOBYBaM t-TeCT [ He3ame>KHNUX BUOIPOK.

PesynbraTu. BcTaHOB/IEHO CTATUCTUYHO 3HaUYLMit 3B>5130K MK PPRA ta CHS (P = 0.164, p < 0.001), 1110 cBigumThb 1poO Te,
0 6inpImit IIOBOPOT Ta3a CIpUAB 306i/IbILIEHHIO IIBUIKOCTI TOIOBKM KUK, BomHOYac ronb(’piCTM 3 Bucokoro CHS npopemoH-
CTPYBa/IM CTATUCTUYHO 3Hauyle MeHIIi 3HaueHH:A PPRA nopiBH:AHO 3 ronbdicramu 3 Husbkoro CHS (18.49 + 1.86° mporu 22.45
+ 4.38% p = 0.019; d Koena = 1.085). Kpim Toro, rpyma 3 Bucokoro CHS xapakrepusyBanacst MeHIIo0 BapiabenpnicTio PPRA, mjo
CBi[YUTh PO BUIILY Y3TO/PKEHICTD PyXiB.

BucHosku. PPRA cipusie popmysannio CHS, onHak BUILMIL piBeHD pe3yIbTaTUBHOCTI, IMOBIPHO, O1/IbIIOI0 MipOIO 3a/IeXKUTh
Bifi onTmMi3alii Ta cTabiIbHOCTI MOBOPOTY Ta3a, HiX BiJ MaKCMMalbHOI aMIUTITYAM Jioro obepranHA. OTpuMaHi pe3ynbTaTn
cBiguath npo Te, o PPRA cnip posriagaTu AK XapaKTepUCTUKY KOOPAIMHALIIL PyXiB y MeXaxX KiHEMaTM4YHOTO JIAaHIIIOTa, a He AK
MOKAa3HMK Pe3y/IbTaTUBHOCTI, SIKUI1 HEOOXiTHO IPOCTO MAKCUMI3yBaTIL.

Knrovosi croBa: iHepiianbHMii BYMipIOBaIbHUI MOJY/Ib (IMU), 6iomexanika ronb(i)y, MaKCUMAa/IbHUI KyT IIOBOPOTY Tas3a,
HMIBUJIKICTb TOIOBKMU K/TIOYKI.
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Abstract

Background. Physical education represents a regular physiological stimulus within the school day, yet little is known
about autonomic recovery following curricular lessons and its relationship with academic achievement.

Objectives. To compare post-exercise autonomic recovery following a regular physical education lesson with a time-
matched control condition and to determine whether autonomic recovery is associated with academic achievement
in adolescents.

Materials and Methods. Ninety-two adolescents completed both a physical education condition and a time-matched
control condition using a within-participant repeated-measures design. Heart rate variability was recorded before
and after each condition, and the root mean square of successive differences was analyzed after natural logarithmic
transformation (InRMSSD). Academic achievement was assessed using the official grade point average.

Results. A significant Condition x Time interaction was observed for INRMSSD (F(1,91)=4.06, p=0.047, partial
n°=0.043). Post hoc analyses demonstrated a significant increase in INRMSSD following physical education (p=0.003),
whereas no significant change occurred during the control condition (p=0.292). Autonomic recovery following
physical education was positively associated with academic achievement (r=0.52, p<0.001). Linear regression analysis
showed that autonomic recovery explained 27.5% of the variance in academic achievement (R*=0.275, p<0.001).
Conclusions. A regular physical education lesson elicited significantly different autonomic responses compared with
a time-matched control condition. Adolescents exhibiting greater post-exercise parasympathetic recovery achieved
higher academic performance. These findings indicate that autonomic recovery following physical education may
represent a meaningful physiological correlate of scholastic achievement and support further longitudinal and
intervention-based research examining the role of autonomic regulation in educational outcomes.

Keywords: heart rate variability, cardiac vagal modulation, school performance, parasympathetic reactivation,
exercise physiology, secondary school students.

Introduction processes (Osman et al., 2021). Attention, working memory,
executive control, emotional regulation, motivation,
and the capacity to adapt to environmental demands all
contribute to students’ ability to engage effectively with
learning tasks. Consequently, increasing attention has been
directed toward factors that extend beyond conventional
instructional practices and may support the conditions
under which learning occurs (Alfonsi et al., 2020). Within
this perspective, physical activity and school based physical
education have gained considerable relevance because of
their potential contribution not only to physical health

Academic achievement represents a central indicator of
educational success and a major determinant of subsequent
opportunities across the course of life (Steinmayr et al., 2014).
Although academic outcomes are commonly expressed
through grades, examination scores, or standardized
assessments, scholastic performance emerges from the
interaction of cognitive, behavioral, social, and physiological
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and motor development, but also to cognitive functioning,
psychological well-being, and educational outcomes.

The relationship between physical activity and academic
achievement has been examined extensively in children and
adolescents. A substantial body of evidence suggests that regular
participation in physical activity is positively associated with
cognitive performance and may support selected dimensions
of academic attainment. Several mechanisms have been
proposed to explain these relationships (Latino et al., 2025a,b).
From a neurobiological perspective, physical exercise may
influence cerebral blood flow, neurotrophic signaling, synaptic
plasticity, and the functional efficiency of neural networks
involved in executive control and memory. At the behavioral
level, physically active students may benefit from improved
emotional regulation, reduced psychological distress, enhanced
classroom engagement, and more effective management of
academic demands. However, the magnitude and consistency
of the observed associations vary across studies, suggesting that
the relationship between movement behaviors and scholastic
outcomes cannot be explained exclusively by the amount of
physical activity performed. The physiological responses
elicited by exercise and the capacity to recover after physical
exertion may provide an additional perspective through which
this relationship can be investigated (James et al., 2023).

Physical education occupies a distinctive position
within this field. Unlike extracurricular sport or voluntary
physical activity, physical education is embedded within
the educational curriculum and reaches students with
heterogeneous levels of fitness, motor competence, and
previous sport experience (Canli et al., 2024). Its educational
purpose extends beyond the promotion of physical fitness
and includes the development of motor competence, self-
regulation, cooperation, decision making, and positive
attitudes toward active lifestyles. In adolescence, diversified
physical activity programs have also been associated with
favorable changes in body related perceptions, supporting
the broader developmental relevance of structured motor
experiences during this stage of life (Latino et al., 2025). At
the same time, each physical education lesson constitutes
an acute physiological stimulus that temporarily alters
cardiovascular and autonomic function. The transition
from exercise to subsequent recovery therefore represents a
potentially informative phase, particularly within the school
setting, where students are generally expected to return to
cognitively demanding academic activities shortly after the
conclusion of the lesson (Martin-Rodriguez et al., 2024).

The acute physiological consequences of exercise are
not limited to changes in heart rate and energy expenditure.
Physical exertion produces a dynamic reorganization of
autonomic regulation characterized by parasympathetic
withdrawal and increased sympathetic influence during
exercise, followed by progressive vagal reactivation during
recovery (Marschin, & Herbert, 2026). The speed and
magnitude of this post exercise autonomic restoration
reflect the capacity of the organism to transition from
physiological activation toward a more regulated state.
This process is particularly relevant during adolescence, a
developmental period characterized by substantial changes
in cardiovascular regulation, emotional reactivity, executive
functioning, and sensitivity to social and academic stressors.
Individual differences in autonomic regulation may therefore
contribute to variations in how students respond to and

recover from the demands of both physical and educational
environments (Lopez-Bueno et al., 2025).

Heart rate variability, HRV, provides a non-invasive
method for examining cardiac autonomic modulation
through the analysis of beat-to-beat variations in heart rate.
Among the available HRV indices, the root mean square of
successive differences, RMSSD, is widely used in exercise and
psychophysiological research because it predominantly reflects
parasympathetic modulation and can be obtained through
relatively short recordings under standardized conditions
(Soares-Miranda et al.,, 2014). Higher vagally mediated HRV
at rest has frequently been interpreted as an indicator of greater
autonomic flexibility and adaptive capacity, although HRV
should always be considered within the specific physiological
and contextual conditions in which it is measured. In young
populations, HRV has been investigated in relation to physical
fitness, psychological stress, emotional regulation, and
cognitive functioning. Nevertheless, its potential relevance to
academic achievement remains comparatively underexplored,
particularly when HRV is examined dynamically rather than
exclusively through a single resting measurement (El-Malahi
etal, 2024).

This distinction is important because resting HRV
and post exercise autonomic recovery provide related but
conceptually different information. A resting measurement
describes cardiac autonomic modulation under relatively
stable conditions, whereas recovery assessment captures
the organism’s response following a defined physiological
challenge. From this perspective, autonomic recovery may
represent a functional characteristic of regulatory capacity
rather than merely a static physiological state. Two students
with comparable resting values may exhibit different recovery
trajectories after the same educationally embedded physical
activity. Such differences may reflect variation in physical
conditioning, stress responsiveness, autonomic flexibility,
or the efficiency with which physiological systems return
toward baseline conditions. Examining this recovery process
may therefore provide information that cannot be obtained
from resting HRV alone (Dong, 2016).

The possible connection between autonomic regulation
and academic achievement is supported by broader
psychophysiological models linking vagal function with
cognitive and emotional self-regulation. Successful
participation in school requires students to sustain attention,
inhibit irrelevant responses, adapt behavior to changing
demands, manage frustration, and maintain goal directed
engagement (Yoo et al,, 2021). These processes depend on
coordinated regulatory mechanisms involving interactions
between central and peripheral systems. Cardiac autonomic
regulation has been associated with executive functioning,
attentional control, and the capacity to respond adaptively
to environmental challenges. Accordingly, students who
demonstrate more efficient autonomic recovery following
physical exertion may also possess physiological regulatory
characteristics that support adaptation to academic
demands. This proposition does not imply that autonomic
recovery directly determines academic achievement. Rather,
it suggests that physiological flexibility may constitute
one component within the broader network of individual
characteristics associated with successful functioning in
educational contexts (Mendoza-Castejon, & Clemente-
Sudrez, 2020).
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Despite increasing interest in the cognitive and
academic implications of physical activity, research
conducted in schools has predominantly focused on chronic
interventions, fitness levels, habitual activity, or comparisons
between physically active and inactive students (Trudeau, &
Shephard, 2008). These approaches have provided valuable
evidence but have often treated physiological adaptation
as an inferred mechanism rather than a directly measured
process. Furthermore, studies examining acute exercise
have generally concentrated on immediate cognitive
outcomes, including attention, inhibition, and working
memory, while comparatively less consideration has been
given to autonomic recovery following ordinary physical
education lessons (Yan et al., 2025). This represents a
relevant gap because school-based physical education
differs from laboratory exercise protocols. Lessons occur
within authentic educational schedules, involve naturally
heterogeneous groups of students, and are followed by a
return to classroom activities. Understanding physiological
recovery in this ecological context may therefore contribute
to a more integrated interpretation of the relationship
between physical education and educational functioning.

Another methodological consideration concerns the
interpretation of autonomic changes across the school day.
HRYV is sensitive to multiple influences, including time of day,
posture, recent physical activity, respiration, psychological
stress, and environmental conditions. A decrease or increase
observed after physical education cannot be interpreted
adequately without considering the changes that might occur
during a comparable period without exercise (Tornbergetal.,
2019). For this reason, the inclusion of a minimally intrusive
control condition, in which the same students are assessed
at corresponding time points during a school day without
physical education, may strengthen the interpretation
of post lesson autonomic responses. A within participant
approach also reduces the influence of stable interindividual
characteristics and is particularly suitable for school-based
research, where the creation of separate experimental groups
may be impractical or educationally inappropriate.

The investigation of academic achievement alongside
autonomic recovery may also help bridge a persistent
conceptual separation between exercise physiology and
educational research. Physical education is frequently
evaluated through motor, fitness, or behavioral outcomes,
whereas academic research often examines scholastic
performance without direct consideration of physiological
regulation. Integrating these domains does not require
complex experimental protocols or extensive batteries of
psychological assessments (Frank et al., 2020). A focused
examination of autonomic recovery and academic
achievement may provide an initial empirical basis for
understanding whether physiological responsiveness to
a routine physical education lesson is related to broader
educational outcomes. Such an approach is particularly
relevant in adolescence, when increasing academic
demands coexist with changes in physical activity patterns,
physiological maturation, and heightened exposure to
school related stress (Wang et al., 2025).

Accordingly, the present study aimed to examine
autonomic recovery following a regular physical education
lesson and its association with academic achievement
in adolescents. Using a within participant design, HRV

responses were assessed across a physical education
condition and a time matched control condition without
structured physical activity. Academic achievement was
evaluated through students’ scholastic performance. It was
hypothesized that the physical education condition would
produce a distinct pattern of autonomic change compared
with the control condition, reflecting the physiological
activation and subsequent recovery associated with the
lesson. It was further hypothesized that more favorable post
exercise autonomic recovery would be positively associated
with higher academic achievement. By examining a naturally
occurring component of the school curriculum through a
psychophysiological perspective, the study seeks to clarify
whether individual differences in autonomic recovery are
meaningfully related to educational performance during
adolescence.

Materials and Methods

Study Design

This study adopted a within participant repeated measures
design to examine cardiac autonomic responses following a
regular physical education lesson and their association with
academic achievement in adolescents. Each participant was
assessed under two conditions, a physical education condition
and a time matched control condition, thereby allowing each
student to serve as his or her own control. The two assessment
sessions were conducted on separate school days within the same
week and at comparable times of day to minimize the potential
influence of circadian variation on heart rate variability, HRV.
During the physical education condition, HRV was recorded
before the beginning of the lesson and during a standardized
recovery period following its completion. During the control
condition, HRV was recorded at corresponding time points,
while students followed their usual academic schedule without
engaging in structured physical activity between measurements.

Thestudywasconductedinaccordancewiththeprinciples
of the Declaration of Helsinki and received approval from
the competent institutional ethics committee. Before data
collection, written informed consent was obtained from the
parents or legal guardians of all participants, while students
provided their assent to participate. Participation was
voluntary, and students were informed that withdrawal from
the study was possible at any time without consequences for
their school activities or academic evaluation. The study was
conducted between September 2025 and January 2026.

Participants

Participants were recruited from a secondary school
and included male and female students. Recruitment was
conducted through school-based information sessions
in which students and their families received a detailed
explanation of the studyaims and assessment procedures. The
study was designed to include adolescents attending regular
curricular physical education lessons, independently of their
participation in extracurricular sport, in order to preserve
the ecological characteristics of the school population.

The inclusion criteria were enrollment in the
participating secondary school, age between 14 and 18 years,
regular attendance at curricular physical education lessons,
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eligibility to participate in school based physical activity
according to school regulations, and provision of written
parental or guardian consent and student assent. Students
were required to complete both experimental conditions and
to have valid HRV recordings at all assessment time points.

Exclusion criteria included medical conditions
contraindicating participation in regular physical education,
acute illness or injury at the time of assessment, use of
medications known to substantially influence cardiac
autonomic regulation, inability to complete the physical
education lesson, and HRV recordings of insuflicient quality
for analysis. Students were also excluded from the final
analysis if they were absent from either assessment session
or failed to comply with the standardized pre assessment
instructions.

An a priori sample size calculation was conducted using
G*Power software. The calculation was based on the primary
correlational hypothesis concerning the association between
autonomic recovery and academic achievement. Assuming
a moderate expected correlation of r = 0.30, a two tailed
significance level of a = 0.05, and statistical power of 0.80,
the minimum required sample size was 84 participants. To
account for potential absences, incomplete assessments, and
HRYV recordings unsuitable for analysis, 92 students were
targeted for initial recruitment. Therefore, the final sample
consisted of 92 adolescents, with a mean age of 16.01 + 1.02
years. The sample included 49 females, 53.3%, and 43 males,
46.7%. The mean academic achievement score, expressed as
grade point average, was 7.39 £ 0.71.

Procedures

Data collection was carried out during the regular
school timetable and within the students’ usual educational
environment. To reduce variability related to circadian
influences, all HRV assessments were scheduled within the
same morning time window. The two assessment conditions
were completed within the same week whenever possible,
with sufficient separation between sessions to avoid any
immediate carryover effect.

Before the first assessment session, students received
standardized instructions regarding behaviors that could
acutely affect autonomic regulation. They were asked to
avoid vigorous physical activity for 24 hours before testing
and to refrain from consuming caffeinated beverages or
other stimulants on the morning of assessment. Students
were also instructed to maintain their usual sleep and eating
habits and to report any acute illness or unusual condition
that could interfere with participation.

In the physical education condition, participants
completed an initial five-minute seated stabilization period
in a quiet environment, followed by a five-minute HRV
recording. Students then participated in their regularly
scheduled physical education lessons. Immediately after
the lesson, participants returned to the assessment area and
assumed the same seated position used during the baseline
recording. Following a standardized five-minute transition
period, a second five-minute HRV recording was obtained
to characterize early post exercise autonomic recovery.

The control condition followed the same temporal
structure. Participants underwent the initial stabilization and
HRV recording procedures at a time corresponding to the

pre lesson assessment of the physical education condition.
They then continued their regular classroom activities
without structured physical exercise. After a time, interval
corresponding to the duration of the physical education
lesson, the second HRV recording was conducted using the
same stabilization period, body position, equipment, and
environmental procedures applied in the physical education
condition.

Whenever organizationally feasible, the order of the
two conditions was counterbalanced across participants
to reduce potential order effects. All measurements were
conducted by trained researchers using standardized verbal
instructions and identical recording procedures.

Physical Education Condition

The physical education condition consisted of a regular
curricular lesson conducted by the school physical education
teacher according to the planned educational program. The
lesson lasted approximately 60 minutes and reflected the
typical structure of secondary school physical education.
It included an initial warm up phase, a central phase
involving motor and sport-based activities, and a final phase
characterized by progressively reduced exercise intensity.

The lesson was not designed as a laboratory-based
exercise protocol or as a specific training intervention.
Rather, it was intentionally embedded within ordinary
school practice to examine autonomic recovery under
ecologically valid educational conditions. The central phase
included continuous and intermittent physical activities,
coordination tasks, and participation in individual or
group motor and sport activities. The same lesson structure
and organizational procedures were maintained for all
participating students within each class.

The control condition consisted of the students’ normal
classroom schedule and did not include structured physical
activity during the period corresponding to the physical
education lesson. Students remained engaged in their usual
academic activities and were instructed not to participate in
vigorous movement or organized exercise before the second
HRV assessment. The control condition was designed to
provide a minimally intrusive time matched comparison and
to account for autonomic changes potentially associated with
the passage of time and the ordinary school environment.

Measures

Heart Rate Variability

Cardiac autonomic modulation was assessed through
short term HRV recordings (Brage et al., 2007). Heart rate
data were collected using a Polar H10 (Polar Electro Oy,
Kempele, Finland) heart rate sensor, which records R to R
intervalsand hasbeen widely used in field based physiological
research. Recordings were performed for five minutes with
participants in a seated position, with their feet placed on
the floor and hands resting comfortably on their thighs.
Students were instructed to remain still, avoid speaking, and
breathe spontaneously throughout the recording period.

The root mean square of successive differences between
normal heartbeats, RMSSD, was selected as the primary
HRV outcome because of its established sensitivity to vagally
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mediated cardiac autonomic modulation and its suitability
for short term recordings. The same recording duration,
posture, equipment, and environmental conditions were
maintained across all assessment sessions.

Autonomic change during early recovery was
operationalized as the difference in RMSSD between the pre
lesson recording and the standardized post lesson recovery
recording, calculated as post minus pre. The corresponding
change observed during the control condition was calculated
using the same procedure. Thisindex was used to characterize
the direction and magnitude of autonomic change during
the defined early recovery window rather than the complete
temporal kinetics of post exercise autonomic recovery.

AllR-to-Rinterval recordings were visually inspected for
artifacts and ectopic beats before analysis. Recordings that
did not meet predetermined quality criteria were excluded
from the final analysis. Where required by the distribution of
the data, RMSSD values were natural logarithm transformed
before inferential statistical analyses.

Academic Achievement

Academic achievement was assessed using students’
official school grades obtained from school records.
Academic achievement was expressed as the grade point
average calculated from the official grades obtained across all
curricular subjects during the first semester of the academic
year. The use of official grades was selected to provide
an ecologically valid indicator of students’ educational
performance and to avoid the potential biases associated
with self-reported academic achievement.

Academic data were collected only after the necessary
institutional and parental permissions had been obtained.
Individual records were anonymized before statistical
analysis, and academic information was matched with
physiological data through coded identifiers.

Statistical Analysis

Statistical analyses were performed using IBM SPSS
Statistics, version 30.0. Before inferential analyses, data
were screened for completeness, potential outliers, and
distributional assumptions. Continuous variables were
summarized using means and standard deviations, while
categorical variables were reported as frequencies and
percentages. The normality of continuous variables was
assessed using the Shapiro Wilk test and visual inspection
of histograms and Q Q plots. HRV data were inspected
for distributional characteristics, and RMSSD values were
natural logarithm transformed, InRMSSD, before inferential
analyses to reduce distributional skewness and improve
conformity with parametric assumptions.

Changes in cardiac autonomic modulation were
examined using a 2 x 2 repeated measures analysis of
variance, ANOVA. The model included Condition, physical
education and control, and Time, pre and post, as within
participant factors. The Condition x Time interaction was
considered the primary effect of interest, as it indicated
whether the temporal change in InNRMSSD differed between
the physical education and control conditions. Main effects
of Condition and Time were also examined. Because within
participant factors included only two levels, the assumption

of sphericity was inherently satisfied. Effect sizes for ANOVA
results were expressed as partial eta squared, np>. Baseline
InRMSSD values between the physical education and control
conditions were compared using a paired samples to test to
identify potential precondition differences.

When a significant Condition x Time interaction was
identified, paired samples t tests were conducted as post
hoc comparisons to examine pre to post changes separately
within the physical education and control conditions.
Cohen’s dz was calculated to quantify the magnitude of
within participant differences. All post hoc comparisons
were interpreted in relation to the interaction effect and were
not considered independent primary hypothesis tests.

Autonomic change during early recovery following
physical education was operationalized as the difference
in InRMSSD between the pre lesson assessment and the
standardized post lesson recovery assessment, calculated as
post minus pre. The association between PE A InRMSSD
and academic achievement was examined using Pearson’s
product moment correlation coeflicient. The correlation
coefficient was reported together with its 95% confidence
interval. The direction and magnitude of the association
were interpreted according to the absolute value of the
correlation coeflicient.

A simple linear regression analysis was subsequently
conducted to examine the association between autonomic
recovery following physical education and academic
achievement. Academic achievement was entered as the
dependent variable, while PE A InRMSSD was entered
as the independent variable. The regression model was
evaluated using the F statistic, coefficient of determination,
R?, adjusted R? unstandardized regression coeflicient, B,
standard error, standardized regression coefficient, 3, and
corresponding t and p values. The assumptions of linearity,
normality of residuals, homoscedasticity, and the absence
of excessively influential observations were assessed before
interpretation of the model. All statistical tests were two
tailed, and statistical significance was set at p < 0.05.

Results

Participant Characteristics and Descriptive Statistics

Descriptive statistics for HRV across the physical
education and control conditions are presented in Table 1. In
the physical education condition, mean InRMSSD increased
from 3.60 + 0.43 before the lesson to 3.67 + 0.52 during the
post lesson recovery assessment. In the control condition,
InRMSSD showed only a limited variation, from 3.48 + 0.42
at the first assessment to 3.50 + 0.44 at the corresponding
second assessment. The mean change in InRMSSD was 0.07
+ 0.23 for the physical education condition and 0.02 + 0.17
for the control condition.

Autonomic Responses Across Physical
Education and Control Conditions

A 2 x 2 repeated measures analysis of variance was
conducted to examine changes in cardiac autonomic
modulation across conditions. The analysis included
Condition, physical education and control, and Time, pre
and post, as within participant factors.
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Table 1. Descriptive statistics for the main study variables

Variable Mean SD
Age, years 16.01 1.02
Academic achievement, GPA 7.39 0.71
PE pre InRMSSD 3.60 0.43
PE post recovery InRMSSD 3.67 0.52
PE A InRMSSD 0.07 0.23
Control pre INRMSSD 3.48 0.42
Control post InRMSSD 3.50 0.44
Control A InRMSSD 0.02 0.17

The analysis revealed a significant main effect of Time,
Fo, oy = 8.47, p = 0.005, partial n* = 0.085, indicating that
InRMSSD values changed across the two assessment time
points when both conditions were considered. A significant
main effect of Condition was also observed, F, o) = 5.62, p
= 0.020, partial n*> = 0.058, reflecting differences in mean
InRMSSD values between the physical education and control
conditions.

More importantly, the Condition x Time interaction
was statistically significant, F, o) = 4.06, p = 0.047, partial
n® = 0.043. This interaction indicated that the pattern of
change in InRMSSD across time differed between physical
education and control conditions.

Post hoc comparisons were subsequently conducted to
examine significant interaction. In the physical education
condition, InRMSSD increased significantly from the pre
lesson assessment, 3.60 + 0.43, to the post lesson recovery
assessment, 3.67 + 0.52, to;, = 3.06, p = 0.003, Cohen’s
dz = 0.32. Conversely, the control condition showed no
statistically significant change between the first assessment,
3.48 £ 0.42, and the second assessment, 3.50 + 0.44,
ten = 1.06, p = 0.292, Cohen’s dz = 0.11.

The significant interaction, together with the post hoc
comparisons, indicates that autonomic modulation followed
a different temporal pattern after the physical education
lesson compared with the corresponding period of a regular
school day without structured physical activity. Specifically,
the physical education condition was characterized by a
significant increase in vagally mediated HRV during the
standardized post lesson recovery assessment, whereas no
comparable change was observed in the control condition.

Table 2. Repeated measures ANOVA for InRMSSD

Effect F df  pvalue Partialn’
Condition 5.62 1,91 0.020 0.058
Time 8.47 1,91 0.005 0.085
Condition x Time 4.06 1,91 0.047 0.043

Association Between Autonomic Recovery
and Academic Achievement

Pearson’s product moment correlation coefficient was
calculated to examine the association between autonomic

recovery following physical education and academic
achievement. Autonomic recovery was operationalized as
the change in InRMSSD between the pre lesson assessment
and the post lesson recovery assessment in the physical
education condition.

The analysis revealed a statistically significant positive
correlation between PE A InRMSSD and academic
achievement, r = 0.52, p < 0.001. Students who displayed
greater increases in InRMSSD during the recovery period
following physical education tended to have higher grade
point averages. The magnitude of the correlation indicated a
moderate positive association between autonomic recovery
and scholastic performance.

The squared correlation coefficient was approximately
0.27, indicating that the two variables shared approximately
27% of their variance. Although this relationship does not
imply a causal connection between autonomic recovery and
academic performance, it suggests that individual differences
in post exercise autonomic regulation are meaningfully
associated with educational achievement.

Table 4. Pearson correlation between autonomic recovery
and academic achievement

95% CI
0.35 to 0.66

Variables r

PE A InRMSSD and 0.52
academic achievement

p value

<0.001

Association Between Autonomic Recovery and Academic Achievement

9.01 r=0.52,p=0.001,N=92
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Fig. 1. Association between autonomic recovery following
physical education and academic achievement in adolescents.
Note: The scatterplot illustrates the positive relationship between
the change in InRMSSD from pre lesson assessment to post lesson
recovery, PE A InRMSSD, and academic achievement expressed
as grade point average, GPA. The solid line represents the linear
regression fit, r = 0.52, p < 0.001.

Linear Regression Analysis

A simple linear regression analysis was conducted to
further examine the association between autonomic recovery

Table 3. Post hoc comparisons of INRMSSD changes within conditions

Condition Pre, Mean + SD Post, Mean + SD Mean change t p value Cohen’s dz
Physical education 3.60 +£0.43 3.67 £0.52 0.07 3.06 0.003 0.32
Control 3.48 +0.42 3.50 £0.44 0.02 1.06 0.292 0.11
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following physical education and academic achievement.
Academic achievement was entered as the dependent
variable, while PE A InRMSSD was entered as the predictor.

The regression model was statistically significant,
F o0 = 34.18, p < 0.001, and accounted for 27.5% of the
variance in academic achievement, R* = 0.275, adjusted
R?> = 0.267. Autonomic recovery following physical
education was significantly and positively associated with
academic achievement, B = 1.58, SE = 0.27, p = 0.52,
t=15.85,p <0.001.

The positive regression coeflicient indicates that greater
increases in INnRMSSD during the post physical education
recovery period were associated with higher academic
achievement scores. According to the estimated model, a
one unit increase in PE A InRMSSD corresponded to an
expected increase of 1.58 units in grade point average.
Given the observed range of InRMSSD change scores, the
coefficient should be interpreted in relation to the scale
and variability of the physiological measure rather than as
evidence of a causal effect.

Visual inspection of residual plots and examination of
standardized residuals did not indicate substantial violations
of linearity, normality, or homoscedasticity assumptions. No
observations exerted excessive influence on the regression
estimates.

Table 5. Simple linear regression analysis for academic
achievement

Predictor B SE B t p value
Constant 7.27 0.03 242.33 <0.001
PE A InRMSSD 1.58 0.27  0.52 5.85 <0.001

Model statistics: R* = 0.275, adjusted R* = 0.267, F(1, 90) = 34.18,
p < 0.001.

Discussion

The present study examined autonomic recovery
following a regular physical education lesson and its
association with academic achievement in adolescents.
By comparing HRV responses across a physical education
condition and a time-contained control condition, the
study sought to determine whether autonomic modulation
followed a distinct temporal pattern after curricular physical
activity and whether individual differences in this response
were associated with scholastic performance. The findings
showed a significant Condition x Time interaction for
InRMSSD, characterized by an increase during the postlesson
recovery assessment in the physical education condition
and no significant change across the corresponding time
interval in the control condition. In addition, greater PE
related changes in InRMSSD were positively associated
with academic achievement, and the regression analysis
confirmed a significant relationship between autonomic
recovery and grade point average.

The first relevant finding was the different temporal
pattern of InRMSSD observed across the two conditions.
The significant Condition x Time interaction indicates
that the autonomic change occurring after the physical
education lesson differed from the variation observed
during a comparable period without structured physical

activity. More specifically, INRMSSD increased significantly
from the pre lesson assessment to the standardized recovery
measurement following physical education, whereas no
significant variation emerged in the control condition. This
pattern suggests that the post lesson assessment captured
a condition specific change in vagally mediated cardiac
modulation rather than a fluctuation attributable solely
to the passage of time during the school morning (May et
al., 2017). The small magnitude of the interaction effect,
however, indicates that this difference should be interpreted
as amodest physiological response rather than a pronounced
autonomic alteration.

This finding is consistent with the physiological
framework of post exercise autonomic regulation. Physical
exercise induces a marked reorganization of cardiac
autonomic control, while the period following exercise
cessation is characterized by progressive parasympathetic
reactivation (Yue et al., 2025). RMSSD is commonly used
to describe vagally mediated HRV, and its behavior during
recovery provides information concerning the restoration
of parasympathetic influence after physical exertion.
Previous investigations of post exercise autonomic recovery
have shown that parasympathetic reactivation contributes
substantially to cardiovascular adjustment following
exercise cessation, although its time course varies according
to exercise characteristics and individual factors. Research
specifically examining young populations has also identified
age related characteristics in post exercise parasympathetic
reactivation, supporting the relevance of studying recovery
responses within developmentally defined groups rather
than extrapolating directly from adult samples (Medeiros
etal., 2021).

The present findings also extend previous evidence
concerning exercise and autonomic modulation in children
and adolescents. Existing research has primarily examined
the effects of repeated exercise exposure or structured
training programs on HRV. Systematic evidence suggests
that exercise interventions can improve indices of autonomic
modulation in young populations, although considerable
heterogeneity exists in exercise modalities, intervention
duration, and HRV assessment procedures. The current
study addresses a different aspect of this relationship by
examining autonomic change following a routine curricular
physical education lesson rather than adaptation to a
prolonged exercise intervention. This distinction is relevant
because the observed response occurred within the ordinary
organization of the school day and was compared with a
time matched condition involving the same participants
(Speer et al., 2022).

The absence of a significant change in InRMSSD
during the control condition provides an important
context for interpreting the physical education response.
HRV is sensitive to measurement conditions, including
posture, time of assessment, recent activity, and contextual
influences (Makivi¢ et al., 2013). Consequently, interpreting
changes recorded at different points of a school day
without a corresponding comparison condition could lead
to uncertainty regarding whether the observed variation
is related to physical activity or to temporal variability.
In the present study, the stability of INRMSSD across the
control period, together with the significant interaction
effect, supports the interpretation that the pattern observed
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after physical education was distinguishable from ordinary
variation across the corresponding time interval. This
methodological consideration is particularly relevant in
educational research, where HRV assessment is increasingly
used but substantial variability remains in recording and
analytical procedures. A recent systematic review of
HRV applications in educational research emphasized
the importance of standardized measurement conditions
and careful interpretation of physiological data within the
specific context in which recordings are obtained (May et
al., 2017).

The second principal finding was the positive association
between autonomic recovery following physical education
and academic achievement. Students who exhibited greater
increases in INnRMSSD from the pre lesson assessment to
the post lesson recovery period tended to have higher grade
point averages. The correlation was moderate in magnitude,
indicatinga meaningful association while also demonstrating
that the two constructs remain clearly distinct. This result
should therefore be interpreted as evidence of covariation
between the physiological response observed after physical
education and scholastic performance, rather than as
evidence that either variable determines the other (Buchheit
etal., 2007).

One possible interpretation, restricted to the variables
assessed in the present study, is that academic achievement
differs systematically in relation to individual variability
in autonomic recovery following physical exertion. The
result indicates that students were not homogeneous
in their post lesson HRV responses and that part of this
interindividual variation was associated with differences in
grade point average. Importantly, the present data do not
identify the processes underlying this association. The study
did not assess cognitive performance, psychological stress,
classroom behavior, or other potential explanatory variables,
and these mechanisms therefore cannot be inferred from
the observed relationship. The finding instead establishes a
direct empirical association between a physiological recovery
index and an educational outcome, providing a focused basis
for subsequent investigation (Chen et al., 2022).

The relationship observed in the present study can be
situated within the emerging use of HRV in educational
research (Kim et al., 2024). The literature in this area remains
comparatively limited and has focused predominantly
on physiological responses to stress and on university
populations, while studies involving school aged participants
and educational outcomes are less represented. The growing
interest in HRV within educational contexts reflects the
possibility of integrating objective physiological measures
with conventional indicators of educational functioning. At
the same time, current methodological reviews emphasize
that the validity of HRV interpretation depends on the
research question, recording context, and analytical
approach. The present findings contribute to this developing
field by showing that a dynamically derived HRV measure,
obtained in relation to a naturally occurring physical
education lesson, was associated with official academic
performance in adolescents (Silva et al., 2022).

The positive correlation between PE A InRMSSD
and academic achievement was further supported by the
regression analysis. Autonomic recovery was significantly
associated with grade point average, with the model

accounting for approximately 27.5% of the variance in
academic achievement. This proportion indicates that the
association was statistically meaningful within the present
sample, while leaving most of the variability in academic
performance unexplained. Such a pattern is consistent with
the multifactorial nature of scholastic achievement and
reinforces the need for a circumscribed interpretation of
the regression model. The regression analysis confirmed the
statistical association between autonomic change during
early recovery and academic achievement. However, given
the concurrent nature of this association, the model should
not be interpreted as evidence of prospective prediction or
causality (Ketelhut et al., 2024).

Taken together, the findings provide two complementary
observations. First, autonomic modulation differed across
the physical education and control conditions, with a
modest but statistically significant condition dependent on
temporal response. Second, individual differences in the
HRV change observed following physical education were
positively associated with academic achievement. These
results connect an acute physiological response to a routine
component of the school curriculum with an objective
indicator of scholastic performance, while preserving a clear
distinction between association and causation. The findings
are particularly relevant because physical education was
examined within its ordinary curricular context rather than
through an externally imposed laboratory exercise protocol.

Several strengths of the study should be acknowledged.
The within participant design allowed each student to serve
as his or her own control, thereby reducing the influence
of stable interindividual differences when comparing the
physical education and control conditions. The inclusion
of a time matched control condition strengthened the
interpretation of temporal changes in HRV and reduced the
possibility of attributing ordinary within day variation to the
physical education lesson. The use of standardized recording
procedures, a single prespecified HRV index, and official
school grades limited measurement complexity and ensured
direct alignment between the study aims, physiological
assessment, and educational outcome. Furthermore,
conducting the study during regular school activities
increased ecological validity and allowed autonomic
responses to be examined within the context in which
physical education ordinarily occurs.

The study also presents limitations. First, although the
repeated measures design supports comparison between
conditions, the association between autonomic recovery
and academic achievement remains observational and
does not permit causal inference. Second, autonomic
recovery was assessed through a single standardized post
lesson HRV recording. Consequently, the study captured
autonomic status during a defined recovery window rather
than the complete temporal trajectory of parasympathetic
restoration. Future research could incorporate repeated post
exercise measurements to characterize the recovery curve
more comprehensively. Third, the study relied on grade
point average as the sole indicator of academic achievement.
Although official grades provide an ecologically meaningful
measure of school performance, the findings cannot be
generalized to other educational outcomes that were not
assessed. Fourth, the study was conducted within a specific
school context, which may limit the generalizability of the
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findings to educational systems with different curricular
structures or physical education practices. Finally, the
regression model included autonomic recovery as a single
predictor and was intentionally designed to examine a
focused bivariate relationship. The proportion of unexplained
variance confirms that the model should not be interpreted
as a comprehensive account of academic achievement,
but as an examination of the specific association between
post physical education autonomic recovery and scholastic
performance.

Conclusions

The present study showed that cardiac autonomic
modulation followed a different temporal pattern after a regular
physical education lesson compared with a time matched
control condition. The increase in InRMSSD observed during
the post lesson recovery period, together with the significant
Condition x Time interaction, indicates that curricular physical
education was followed by a distinct autonomic response within
the school day. Furthermore, greater autonomic recovery
following physical education was positively associated with
academic achievement, and this relationship was supported
by both correlation and regression analyses. These findings
provide evidence of a meaningful association between post
exercise autonomic regulation and scholastic performance in
adolescents, while the observational nature of the relationship
precludes causal interpretation. Assessing HRV responses to
physical education within authentic school settings may offer
a useful physiological perspective for research examining
the relationship between curricular physical activity and
educational outcomes. Future studies should investigate
autonomic recovery across multiple post exercise time points
and in larger and more diverse school populations to determine
the consistency and temporal characteristics of the observed
association.
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ITepegymoBu. QisndyHe BUXOBAHHSA € Pery/APHUM (i3i0NOriYHUM CTMMY/IOM YIPOLOBX HaBYa/IbHOTO [H, IIPOTE aBTO-
HOMHe BiJIHOBJIEHHS MIC/IsI YPOKiB (i3MuHOI KY/IBTYPH Ta JOr0 3B 130K 3 aKaJeMiYHOK0 YCIIIIHICTIO 3a/IMIIAI0THCS HETOCTATHBO
BMBYEHVMI.

Mera. [TopiBHATU aBTOHOMHE BiJHOBJICHHA IIC/IA 3BUYAITHOTO YPOKY (isMdYHOI KyIbTYpH 3 BifIOBifHOI 3a TpUBAsIiCTIO
KOHTPOJIbHOIO YMOBOIO Ta BI3HAYNTH, Y¥ 0B s13aHe aBTOHOMHE BiTHOBJIEHHS 3 aKa/jeMi4HO0 YCITIITHICTIO i/ TKIB.

Marepianu ta MeToau. [IeB’sIHOCTO ABa MifIITKM B3s/IM YYaCTh Y FOCTIIKEHH] 3 HOBTOPHVIMY BYMIPIOBAHHSAMM, Y SIKOMY
BUKOHYBA/IM IPOrpaMy B YMOBaX YpoKy (isM4HOI KyJIbTypM Ta B KOHTPOJIbHIil yMOBi aHaoriuHoi TpuBanocTi. BapiabenbHicTh
CepLeBOro PUTMY PEECTPYBA/IM IO Ta IIiC/IA KOXKHOI YMOBH, a KBafIpaTHMIA KOPiHb i3 cepefHbOro KBajpara pisHUIb MK IOCTIi-
IDOBHMMM iHTepBa/laM aHaIi3yBa/IM Mic/Is HaTypabHOTo orapudmivHoro nepersopeHts (InRMSSD). AkazieMidHy yCHIIIHICTD
oljiHoBaM 3a OMIlITHIM cepenHiM 6a/IOM YCIIIIHOCTI.

Pesynpraru. BusiBleHO CTaTHCTIYHO 3HAYYILY B3aEMOZi0 «YMoBa X Yac» mist mokasumka InRMSSD, F, o)) = 4,06, p = 0,047,
wacTkoBa > = 0,043. AnocrepiopHmit aHa/I3 MOKa3aB CTATUCTUYHO 3HaUyLle miguueHHs InNRMSSD mic/is ypoky ¢isndHOI Kyib-
typu (p = 0,003), TORI K y KOHTPO/IbHII YMOBi CTaTMCTUYHO 3HAYYIINX 3MiH He BusB/IeHO (p = 0,292). ABTOHOMHE Bi[HOBJIEHH
micsa ypoky (isndHOI KYIbTypy HO3UTHBHO KOPEITIOBAIO 3 aKajieMiuHomw ycmimHicTo (r = 0,52, p < 0,001). Perpeciitna mopens
6y}1a CTaTUCTUYHO 3HAYYILOI0 Ta IOSACHIOBaA 27,5 % Bapiallii aka/jeMidHOl yCIIIIHOCTI (R*=0,275, p <0,001).

BucHOBKH. ABTOHOMHA MOAY/IALIA MICIA YpoKy (isvyHOI KyAbTYpHU BifipisHsAMacs Bif Takoi Mic/A KOHTPOJIbHOI yMOBU
aHa/IOTIYHOI TPUBAIOCTI, a Oi/MbII BUpa)keHe aBTOHOMHE BiJHOBJIEHHs IIC/IsL YPOKY Oy/10 IOB’si3aHe 3 BUILOKI aKafjeMiuHO0
ycmimHicTio. OTprMaHi pesy/IbTaTyl CBiI4YaTh, [0 aBTOHOMHE BifHOB/ICHHS ITiC/IA YPOKY (isMYHOI KY/IBTYpy MOXKe OYTI BasK/n-
BUM (i3ioNOTiYHNM KOPEIATOM aKaJeMiqHOi YCHIIIHOCTI MifIiTKIB Ta MifTBEPAKYIOTD JOIIbHICTD ITOJA/IbIINX JIOHTITIONHUX i
IHTEpBEHIIIHNX TOC/I/KEHb PO/l aBTOHOMHOI PEry/IALil B OCBITHIX pe3ynbTaTax.

KirouoBi croBa: BapiaGenbHICTD CepLieBOro puTMY, KapAiaabHa BarycHa MORY/IALs, akaieMidyHa YCIiIIHICTb, apacuMIIa-
TUYHA peaKTyBallis, Gizionorist GisnvHUX BIIpaB, yuHi 3aK/IajliB 3aTa/IbHOI CEPeNHbOI OCBITH.
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Abstract

Background. Managing training load and recovery in developing elite footballers is a major challenge for optimizing
performance while limiting the risk of neuromuscular fatigue. Vertical jump with countermovement (VJM) remains
a preferred indicator of neuromuscular status, but recovery kinetics after microcycles of contrasting intensity remain

insufficiently documented in young athletes.

Objectives. To examine the impact of training load and recovery time on neuromuscular performance by analyzing
the modulating effects of microcycle type, age category, and acute-to-chronic workload ratio (ACWR).

Materials and Methods. Seventy-five elite male footballers (U16-U18) participated in a six-month longitudinal
protocol including CMJ assessments before and 24 h and 48 h after moderate- and high-intensity microcycles. Linear
mixed models were used to analyze main effects and interactions.

Results. Significant effects were observed for microcycle type (F = 69.93, p < 0.001), measurement time (F = 374.48,
p <0.001), and ACWR (F =7.41, p = 0.007). High-intensity microcycles induced greater decreases in CMJ
performance at 24 h (f = -1.072, p < 0.001), followed by partial recovery at 48 h. ACWR was strongly correlated with

CM]J changes at 24 h (r = -0.766, p < 0.001).

Conclusion. A critical window of neuromuscular fatigue exists 24 h after a microcycle, modulated by training
intensity and workload context, supporting the value of systematic neuromuscular monitoring following high-

intensity microcycles.

Keywords: neuromuscular fatigue, countermovement jump, training load, acute-to-chronic workload ratio, young

footballers, recovery.

Introduction

Training load management is a major challenge in
modern soccer, where congested competition schedules force
elite players to compete in more than 60 matches per season
with limited recovery windows. Consequently, finding the
optimal balance between applying sufficient training stimuli

© Bouzid, W, Lourenco, C., Khalaf Diabat, K. W,
Ben Rakaa, O., Chokri, A., Eloirdi, A., & Barkaoui, M., 2026.

@ PETM
LLCOVS

to induce physiological adaptations and preventing excessive
fatigue accumulation is a central concern for coaching staff
(West et al., 2021). This issue is particularly critical for
reducing the risk of non-contact injuries, which are often
associated with acute peaks in training load or chronic
inadequate preparation (Malone et al., 2017a). Therefore,
longitudinal monitoring of neuromuscular responses to
training loads allows for the early identification of fatigue
states and the adjustment of training programs accordingly
(Evans et al., 2022). However, the temporal kinetics of
recovery and its modulation by training load intensity
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remain insufficiently documented, especially in developing
populations. Moreover, developing elite footballers
(U16-U18) exhibit specific physiological characteristics that
make training load management a complex task.

This period coincides with major biological
transformations linked to pubertal maturation, including
changes in body composition, force production capacity,
and the mechanical properties of the musculo-tendinous
system (Garcia-Santamaria et al.,, 2024; Wenger & Csapo,
2025). Although biological maturation status is a key
determinant of load tolerance, the present study relies
on chronological age as a developmental indicator. This
methodological choice is based on the logistical feasibility
of longitudinal follow-up in an applied context and the
systematic availability of this variable in soccer academies,
while recognizing that this approach does not fully capture
inter-individual maturational heterogeneity. Nevertheless,
considerable variability in maturation status at identical
chronological ages generates substantial heterogeneity in
injury susceptibility, with biologically less mature players
demonstrating increased vulnerability when exposed to
loads comparable to those of their more developmentally
advanced peers (Gundersen et al., 2022). Elite soccer
academies impose dense competition and training schedules
during this critical phase, making it imperative to implement
robust, individualized monitoring strategies to optimize the
load-adaptation-recovery continuum (Hannon et al., 2021).

The countermovement jump (CM]) test has established
itself as a reference tool for quantifying neuromuscular
performance and detecting residual fatigue in team sports
(R. Gathercole et al., 2015). Indeed, its non-invasiveness,
logistical feasibility, short administration time, and
proven sensitivity to training- and competition-induced
alterations in neuromuscular function make it particularly
suitable for the longitudinal monitoring of young athletes
(Silva et al., 2021). The CM]J evaluates the capacity of the
stretch-shortening cycle (SSC), a fundamental mechanism
underlying explosive soccer actions such as sprints, changes
of direction, and jumps (Falces-Prieto etal., 2022). Variations
in jump height reflect the functional state of peripheral
(muscle contractility, tendon elastic properties) and
central (corticospinal excitability, recruitment strategies)
components of the neuromuscular system, enabling an
integrative assessment of fatigue (Mufioz-Gracia et al.,
2025). Small to moderate reductions in CM] performance
(ES = -0.38 to -0.42) have been documented within 12 to
24 hours after matches in footballers, with a trend toward
partial recovery at 48 hours, confirming its validity as a
marker of recovery (Akyildiz et al., 2022).

However, the majority of previous studies have adopted
cross-sectional designs or focused on adult populations,
limiting the generalizability of their findings to young elite
players. The temporal dynamics of neuromuscular recovery
are a crucial parameter for rational training planning,
particularly in microcycles in which several high-intensity
sessions must be scheduled (Clemente et al., 2025). The
24- and 48-hour post-exercise windows represent critical
decision points: at 24 hours, neuromuscular fatigue generally
reaches its peak, whereas at 48 hours, partial recovery is
expected, although its magnitude remains influenced by
the initial training load (Evans et al., 2022). Understanding
precisely how microcycle intensity (moderate versus high)

modulates these recovery kinetics would make it possible
to optimize session spacing and individualize the required
recovery periods. High-load microcycles, characterized
by greater training volumes and intensities, induce more
pronounced and prolonged neuromuscular disturbances
than moderate microcycles, but precise quantitative data for
elite young footballers remain scarce (Martin-Garetxana et
al., 2024). The potential interaction between microcycle type,
recovery time, and age category has not been systematically
explored using appropriate analytical models that account
for the hierarchical structure of longitudinal data.

Integrated quantification of training load via
complementary internal and external methods is a
recommended practice in contemporary soccer (West et al.,
2021). Subjective effort perception (session-RPE) offers a
global estimate of internal load, while global positioning
systems (GPS) and accelerometry provide objective data
on external mechanical load (Benson et al., 2020). The
Acute:Chronic Workload Ratio (ACWR) has emerged as
a contextualized indicator for relating recent training load
to chronic exposure (Malone et al., 2017a). However, the
use of ACWR is the subject of substantial methodological
debate because of several fundamental limitations. First,
the inherent mathematical coupling between the numerator
and denominator (the acute workload being included in the
calculation of the chronic workload) introduces an artificial
statistical dependence that can confound associations with
outcome variables.

Secondly, the debate over the use of ratios versus
differences has highlighted that ACWR does not adequately
normalize the acute workload relative to the chronic
workload, making its interpretation ambiguous. Thirdly, the
optimal time windows for calculating acute (7 days) and
chronic (21-28 days) workloads, as well as the calculation
methods (moving averages versus exponentially weighted
moving averages), remain controversial. Several authors
have recently questioned the causal validity of ACWR
for predicting injury risk, arguing that the observed
associations may reflect methodological artifacts rather
than true prognostic relationships. Despite these critical
considerations, ACWR remains a potentially relevant
heuristic tool when integrated into a multimodal monitoring
approach, particularly when examined in conjunction with
direct measures of neuromuscular performance such as
the CMJ (Bowen et al., 2017). Despite the accumulation
of knowledge, several substantial gaps remain. First, the
majority of studies have adopted cross-sectional designs,
limiting the understanding of individual longitudinal
recovery trajectories (Wiewelhove et al., 2024).

No investigation has simultaneously examined the
influence of microcycle type (moderate versus high),
recovery time (baseline, 24 h, 48 h), and chronological age
category (U16, U17, U18) on neuromuscular performance
using appropriate statistical models that account for repeated
measures. This specific combination of factors in a controlled
longitudinal design represents a novel contribution beyond
the work of Martin-Garetxana et al. (2024), which did
not simultaneously integrate these three temporal and
developmental dimensions. Thirdly, the application of
linear mixed models, which account for the dependence
of intra-individual observations and explicitly model fixed
and random effects, remains underutilized in this field of
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research (Connolly et al., 2024). Fourthly, the time-specific
predictive ability of ACWR for 24- and 48-hour changes
in CM]J performance, as well as the magnitude of these
associations, has not been systematically quantified in elite
youth footballers despite the methodological controversies
surrounding this indicator.

Finally, the practical implications for individualized
training planning according to developmental status require
empirical documentation. To address these gaps, this study
aims to examine the impact of training load and recovery
time on neuromuscular performance, as assessed by the
CMyJ, in developing elite footballers. A longitudinal design
was adopted and analyzed using linear mixed models,
allowing the hierarchical and repeated structure of the
data to be taken into account. Specifically, the study aims
to analyze the temporal evolution of CM] performance at
baseline and 24 and 48 hours after moderate- and high-
load microcycles; to compare the kinetics of neuromuscular
recovery among the U16, U17, and U18 chronological age
categories; to examine the association between ACWR and
changes in CM] performance at different measurement time
points; and to identify predictive factors (ACWR, total load,
RPE, age, category, and microcycle type) associated with
changes in neuromuscular performance at 24 and 48 hours
after the microcycle.

Materials and Methods

This study adopted a within-subjects, repeated-
measures design. Specifically, Each player was assessed at
three time points (baseline, 24 h and 48 h post-microcycle)
in two conditions corresponding to a moderate-load
microcycle (MOD) and a high-load microcycle (HIGH),
generating six measures of neuromuscular performance
(CM]J) per participant (2 microcycles x 3 time points). The
two microcycles were conducted during the competitive
season and separated by a minimum interval of three weeks.
Furthermore, the order of exposure to MOD and HIGH
conditions was counterbalanced between participants.
Although The microcycles had a comparable structure
(4-5 sessions over 7 days) but differed intentionally in terms
of internal and external load.

In this context, HIGH microcycles corresponded to
weeks characterized by high acute load (ACWR 2> 1.3),
associated with higher volumes of total distance and
accelerations, while MOD microcycles corresponded to
acute loads between 0.8 and 1.3 of the individual chronic
load. Importantly, The classification of microcycles was
based on the weekly planning of the technical staff and
was validated a posteriori by analysis of the recorded loads.
All evaluations were carried out in a standardized training

environment. Players followed a common weekly program
within their age category.

Study Participants

Seventy-five (n = 75) elite male footballers in the
training phase were included in this study and divided
into three chronological age categories: Ul6 (n = 25;
age: 154 = 0.5 years; body mass: 63.2 + 7.8 kg; height:
172.5 + 6.3 cm), Ul7 (n = 24; age: 16.5 + 0.4 years; body
mass: 67.1 £ 8.2 kg; height: 176.2 + 5.9 cm) and U18 (n = 26;
age: 17.6 = 0.5 years; body mass: 71.3 £ 7.5 kg; height:
178.9 + 6.1 cm). All participants played for a professional
soccer club at national level and had a minimum of five
years’ structured playing experience, including organized
club training. To characterize developmental status, the
players’” biological maturation was estimated retrospectively
using the maturity offset (years from peak statural growth
velocity, PHV), calculated according to the regression
equation proposed by (Monasterio et al., 2024) integrating
chronological age and body size. This indirect approach,
widely used in applied contexts where direct assessment of
maturation is not feasible, provides a continuous estimate of
individual maturational status. Descriptive analyses revealed
a progressive increase in offset maturity with chronological
age, with mean values of 1.40 + 0.37 years in Ul6s, 2.02 +
0.42 years in U17s and 2.79 + 0.43 years in U18s, indicating
that the majority of players were in the post-PHV phase.
These results confirm the existence of differences in biological
maturation between age categories, while also highlighting
inter-individual variability within each group (Table 1).

Biological Maturation Characteristics

Descriptive analysis of biological maturation revealed a
progressive increase in maturity offset across age categories.
Mean maturity offset values were 1.40 + 0.37 years in U16
players, 2.02 + 0.42 years in U17 players, and 2.79 + 0.43 years
in U18 players, indicating that the majority of players were
post—peak height velocity. These results confirm substantial
inter-category differences in biological maturation status
within the sample.

Inclusion and Exclusion Criteria

Inclusion criteria included: (1) regular participation
in training and competitions during the study period, (2)
absence of musculoskeletal injury limiting full-intensity
practice during the three months prior to inclusion, and
(3) absence of medical contraindication to intensive
sports practice. Exclusion criteria included less than

Table 1. Biological maturation characteristics by age category (maturity offset, years from PHV)

Variable U16 (n =25) Ul7 (n=24) U18 (n =26)
Maturity offset (years from PHV), mean + SD 1.40 + 0.37 2.02 £0.42 2.79 £0.43
Median [IQR] 1.39 [1.16-1.63] 1.92 [1.72-2.31] 2.91 [2.61-3.14]
Min-Max 0.69-2.11 1.44-3.19 1.91-3.35

Note. Maturity offset (years from peak height velocity, PHV) was retrospectively estimated from chronological age and standing height
using a regression-based prediction model. Positive values indicate post-PHV maturation status. Descriptive statistics are reported per

player (baseline values only).
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90% participation in scheduled training sessions, or the
occurrence of an injury resulting in prolonged unavailability
incompatible with longitudinal follow-up.

This 90% threshold was chosen to guarantee sufficient
and homogeneous exposure to the micro-training cycles
analyzed, a necessary condition for valid interpretation of
neuromuscular responses to imposed loads. Over the entire
investigation period, the average rate of participation in
the training sessions was 93.4 + 4.1%, with no difference
between age categories. During follow-up, no participant was
excluded from the final analysis due to major injury. Players
with transient discomfort or short-term unavailability (<
7 days) returned to full training after recovery, and their
data were retained in the analyses. No partial data censoring
was applied, and all 75 participants initially recruited were
included in the final analyses.

The study was conducted in accordance with the ethical
principles of the Declaration of Helsinki and received
approval from the local institutional ethics committee.
Written informed consent was obtained from all participants,
and from their legal representatives in the case of minors. A
prior information meeting was organized with the players
and their parents to present the objectives, procedures,
expected benefits and potential risks associated with
participation. Participants were informed of their right to
withdraw from the study at any time, without justification or
consequence. A two-week familiarization period preceded
data collection in order to limit learning effects, particularly
for neuromuscular performance assessments and the use of
the perception of effort scale.

Measuring Instrument

Assessment of Neuromuscular Performance

Countermovement jump (CM]J): Neuromuscular
performance was assessed using the countermovement vertical
jump (CM]) test, widely recognized as a valid and sensitive
indicator of neuromuscular status and training-induced fatigue
in team sports athletes (R. Gathercole et al., 2015). Jumps were
performed using a Chronojump Boscosystem contact platform
(version 1.6.2, Barcelona, Spain). The validity of this tool was
demonstrated by near-perfect correlation with reference force
platforms (r = 0.99), as well as excellent intra-device reliability
(coefhicient of variation < 5%) for jump height measurement
(Pueo et al., 2020). Participants performed the test with feet
shoulder-width apart, hands on hips to eliminate upper limb
contribution. After a standardized 10-minute warm-up, three
maximal trials were performed, separated by 60 seconds of
passive recovery. The best performance (jump height in cm)
among the three trials was retained for analysis, in line with
methodological recommendations (R. Gathercole et al., 2015)
in accordance with standard protocols. Testing occurred
consistently between 09:00-11:00 to minimize circadian effects.

Quantifying Drive Load

Internal training load was quantified with the session-
rating of perceived exertion (sRPE) method, using Foster’s
modified CR-10 scale (Foster et al., 2001). Approximately 20
minutes after each session, players individually answered the
question: “How would you rate the overall difficulty of this

session?”, on a scale ranging from 0 (rest) to 10 (maximum
effort). The internal load for each session was calculated
by multiplying the RPE score by the session duration
(sRPE = RPE x duration, in arbitrary units). This method
is widely validated in footballers, with strong correlations
with physiological markers and heart rate-based methods
(Impellizzeri et al., 2020).

External training load was measured using Catapult
Sports® global positioning systems (GPS), model OptimEye
S5 (Catapult Sports, Melbourne, Australia), sampling at
10 Hz, with integrated triaxial accelerometers at 100 Hz.
The validity and reliability of this device for analyzing
locomotor demands in soccer have been widely documented
(Akyildiz et al., 2024; Kielé & Solianik, 2023). Each player
wore the same GPS unit throughout the study to limit inter-
unit variability. Variables analyzed included total distance
covered (m), number of accelerations > 2 m's and number
of high-intensity accelerations > 3 m's*. Data were processed
with proprietary OpenField™ software (Catapult Sports),
using the manufacturer’s standard filtering algorithms, in
accordance with the methodological recommendations for
the analysis of GPS data in soccer.

Acute-to-chronic Workload Ratio (ACWR)

The acute-to-chronic workload ratio (ACWR) was
calculated to contextualize each player’s recent workload
versus chronic exposure. Acute workload was defined as
the current week’s total training load (sRPE) (7 days), while
chronic workload was defined as the moving average of
the previous four weeks (28 days). ACWR was calculated
according to the following formula: ACWR = acute load
/ chronic load, using a coupled rolling average, a method
commonly employed in the soccer literature (Pinelli et al.,
2025a). ACWR values were interpreted according to the
classically proposed thresholds: < 0.8 (underexposure), 0.8-
1.3 (optimal zone), 1.3-2.0 (preparation zone) and > 2.0
(increased risk zone) (Qin et al., 2025a).

Although maturity offset (years from peak growth velocity,
PHV) was estimated for descriptive purposes to characterize
the developmental profile of the sample, it was not incorporated
into the main inferential models for two reasons. Firstly, the
study was designed and scaled around the grouping strategy
applied in elite soccer academies (U16-U18 categories),
making chronological age category the most ecologically
valid decision variable for practitioners. Secondly, as maturity
offset is mathematically derived from age and body size,
it exhibits substantial overlap with chronological age and/
or age category in predominantly post-PHV samples, which
may introduce redundancy and collinearity in multivariate
models. Consequently, offset maturity was reported to
describe the sample and inform interpretation of the results,
while chronological age category was retained as the main
developmental factor in inferential analyses.

Ethical Considerations

This study was conducted in accordance with the ethical
principles outlined in the Declaration of Helsinki for research
involving human participants. All procedures were designed
to ensure the safety, well-being, and rights of the participants
throughout the study. Prior to inclusion, all players and their
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legal guardians (for minors) received detailed information
regarding the study objectives, procedures, expected benefits,
and potential risks. Written informed consent was obtained from
all participants and their legal guardians before data collection.

Participation in the study was entirely voluntary, and
participants were informed of their right to withdraw at any
time without any consequences. The collected data were
anonymized and handled confidentially in accordance with
applicable data protection regulations.

The procedures implemented (countermovement jump
testing and training load monitoring) are non-invasive and
commonly used in sports science, thus presenting minimal
risk to participants.

Statistical Analysis

All statistical analyses were performed with significance
set at p < 0.05 using SPSS software, version 27.0.1.0.
Descriptive statistics are presented as means + standard
deviation and 95% confidence intervals. The effect of
microcycle type (moderate vs. high), recovery time
(baseline, 24 h, 48 h), age category (Ul6, U17, U18) and
acute-to-chronic workload ratio (ACWR) on neuromuscular
performance (CMJ) was examined using a linear mixed
model, including a random intercept per participant to
account for intra-individual repeated measures. Degrees of
freedom were estimated using the Satterthwaite method.
In the presence of significant effects, post-hoc comparisons
were made using estimated marginal means (EMM), with
Bonferroni adjustment for multiple comparisons. Separate
multiple linear regressions were used to identify predictors
of variations in CM] performance at 24 h and 48 h post-
microcycle. Models included ACWR, total training load,
mean RPE, age category and microcycle type. Regression
coefficients, fit indices (R?, adjusted R*) and root mean
square error (RMSE) were reported. Pearson correlations
were calculated to examine associations between load
indicators and CM] performance variations. Sensitivity
analyses related to collinearity between ACWR and total
load are presented in supplementary material.

Results

The results are organized to describe the evolution of
neuromuscular performance according to microcycle type,
recovery time, and age category. The effect of moderate and
high-load microcycles is examined based on variations in
CM]J height measured at rest, then 24 and 48 hours after
training, taking into account the load context represented
by the ACWR. Comparisons between conditions allow us
to characterize the kinetics of fatigue and recovery, as well
as the differences observed between the Ul6, U17, and U18
categories. Finally, the association between training load
indicators and CM] variations is explored in order to identify
the factors most closely related to short- and medium-term
alterations in neuromuscular performance.

Effects of Training Load and Recovery
Time on CMJ Performance

Descriptive statistics for countermovement jump (CM]J)
height across experimental conditions are summarized in

Table 2. The analysis included 450 total observations with no
missing values. When examining main effects, CMJ height
increased with age category, with U18 players demonstrating
the highest mean performance (38.82 + 3.29 cm), followed
by U17 (36.27 £ 3.33 cm) and U16 players (33.30 + 3.53 cm).
Regarding recovery kinetics, CM]J performance was highest
at baseline (38.21 + 3.02 cm), decreased substantially at 24 h
post-training (34.30 £ 4.41 cm), and showed partial recovery
at 48h (35.99 £ 3.70 cm). High-load microcycles resulted in
significantly lower CM]J values (34.20 + 4.03 cm) compared
to moderate-load microcycles (38.13 + 3.04 cm), reflecting
the differential neuromuscular impact of training intensity.

Table 2. Descriptive statistics for Countermovement Jump
(CMJ) height across experimental factors

Factor Level n Me?:mi) SD 95% CI
Ule 150 33.30+3.53 [32.73,33.87]
Category uU17 144 36.27 +3.33  [35.72, 36.82]
U18 156 38.82+3.29 [38.30,39.34]
Baseline 150 38.21 +3.02 [37.72,38.70]
Timepoint 24h Post 150 34.30 £4.41 [33.59, 35.01]
48h Post 150 35.99 +3.70 [35.39, 36.58]
High 225 34.20+4.03 [33.67,34.73]
Microcycle Type
Moderate 225 38.13+3.04 [37.73,38.53]
Overall Total 450 36.16 +4.07 [35.78, 36.54]
Note. SD = Standard Deviation; CI = Confidence Interval;

n = number of observations. Data represent raw CM] height
measurements before statistical modeling. The sample size per cell
in the complete factorial design (3 Categories x 2 Microcycle Types
x 3 Timepoints) is 25 observations.

To further investigate these preliminary observations,
linear mixed models were employed to account for repeated
measures and examine the independent and interactive
effects of microcycle type, recovery timepoint, age category,
and ACWR on CM] performance. This approach allows us to
move beyond descriptive statistics and assess the statistical
significance of observed differences while controlling for
inter-individual variability.

The results of the linear mixed model analysis are
presented in Table 3 and Table 4. A significant main effect was
found for ACWR, Microcycle Type, Timepoint, and Category
(all p <.001). Crucially, a significant two-way interaction was
observed between Microcycle Type and Timepoint (F, 21455
= 138.45, p < .001). No other interactions (Microcycle Type x
Category, Timepoint x Category, or the three-way interaction)
were statistically significant (all p > .34).

Post-hoc examination of the significant interaction
(Table 3) revealed that the negative effect of a high-
load microcycle on CM]J height was most pronounced at
the 24-hour post-training timepoint (interaction term:
B = -1.07, tpuss = -13.88, p < .001), indicating a more
severe and prolonged neuromuscular fatigue compared to
a moderate-load microcycle. By 48 hours, the difference
in CMJ performance between microcycle types was no
longer significant (interaction term: = -0.08, p = .315).
Furthermore, a higher ACWR was independently associated
with lower CM] performance (p =-1.77, p =.007). The model
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included a random intercept for each participant (‘ID’) to
account for baseline inter-individual variability. Random
slopes for the Microcycle Type Timepoint interaction could
not be reliably estimated due to constraints in the data
structure and were therefore omitted from the final model
to ensure convergence and stability of the estimates.

Table 3. Analysis of fixed effects from the linear mixed
model on Countermovement Jump (CM]) height

Effect df num df den F P
ACWR 1 198.66 7412  .007
Microcycle Type 1 19147  69.930 <.001
Timepoint 2 77.29 374.481 <.001
Category 2 71.90  65.698 <.001
Microcycle Type x Timepoint 2 214.53 138.445 <.001
Microcycle Type x Category 2 124.19 0.856 427
Timepoint x Category 4 77.29 1.044  .390

Note. df_num = numerator degrees of freedom; df_den = denominator
degrees of freedom (Satterthwaite method). Significant effects (p <.05)
are highlighted in bold. The model included ACWR as a continuous
covariate, Microcycle Type (Moderate, High), Timepoint (Baseline,
24h, 48h), and Category (U16, U17, Ul8) as fixed factors, and a
random intercept for participant ID.

Building on the results of the mixed model analysis,
estimated marginal means were calculated to visualize the
temporal evolution of CM]J performance across microcycle
types and age categories. These estimates provide a
clearer understanding of the magnitude and direction
of neuromuscular fatigue and recovery, and facilitate
interpretation of practical differences between conditions.

Temporal Evolution of Neuromuscular Performance as
a Function of Age, Training Load, and Microcycle Type

Estimated marginal means demonstrated a progressive
increase in CM]J performance across age categories, with U16

players exhibiting the lowest values and U18 players the highest
across all conditions. Within each age category, moderate-
load microcycles consistently yielded higher estimated
marginal mean values compared to high-load microcycles at
all measurement timepoints. At 24 hours post-training, the
difference between moderate- and high-load conditions was
most pronounced across all age groups (U16: A =5.15 cm; U17:
A = 5.14 cm; Ul8: A = 5.15 cm). For high-load microcycles,
the lowest CMJ values were observed at 24 hours post-training
(U16: 28.72 + 0.42 cm; U17: 31.84 £ 0.43 cm; U18: 34.50 +
0.42 cm), followed by partial recovery at 48 hours and near-
complete recovery at baseline. Standard errors remained
consistent across conditions (SE = 0.42), indicating stable
precision of the estimated values throughout the model. The
significant main effect of age category observed in the model
should be interpreted with caution, as the classification was
based on chronological age and may, at least in part, reflect
underlying inter-individual differences in biological maturation
status rather than the effect of chronological age per se.

Building on the patterns observed in the estimated
marginal means, multiple linear regression models were
developed to predict CM] changes at 24 and 48 hours post-
microcycle. This approach allows us to quantify the relative
contributions of ACWR, training load, perceived exertion,
age category, and microcycle type to neuromuscular
performance recovery, moving beyond descriptive
observations to predictive analysis.

Prediction of CMJ Recovery at 24 and 48
h Following Training Microcycles

The multiple linear regression model predicting CM]
changes at 24 hours post-microcycle (M,) explained 65.6%
of the variance (R? = 0.656, adjusted R*> = 0.651), with a root
mean square error of 1.659 cm. The model demonstrated
strong predictive capacity (R = 0.81), indicating that the
combination of ACWR, training load, RPE, age, category,
and microcycle type accounted for a substantial proportion
of neuromuscular performance changes at this timepoint.
For CMJ changes at 48 hours post-microcycle, the null

Table 4. Parameter estimates for key fixed effects from the linear mixed model

Parameter Estimate(f}) SE df t p
Intercept 38.372 0.847 214.95 45.316 <.001
ACWR -1.771 0.651 198.66 -2.722 .007
Microcycle Type (High vs. Ref.) -1.504 0.180 191.47 -8.362 <.001
Timepoint (24h vs. Baseline) -1.870 0.092 72.96 -20.393 <.001
Timepoint (48h vs. Baseline) -0.180 0.091 7791 -1.985 .051
Category (U16 vs. Ref.) -2.826 0.281 71.89 -10.057 <.001
Category (U17 vs. Ref.) 0.131 0.284 71.91 0.460 .647
Microcycle Type (High) x Timepoint (24 h) -1.072 0.077 214.53 -13.881 <.001
Microcycle Type (High) x Timepoint (48 h) -0.078 0.077 214.53 -1.006 315

Legend. SE = Standard Error; df = denominator degrees of freedom. Factors were sum-coded. The Intercept represents the estimated grand
mean of CMJ height (cm). The reference levels (Ref.) for the contrasts are the overall means across factor levels. For clarity, only parameters
for significant main effects and the significant interaction are shown; non-significant higher-order interaction terms (involving Category)
are omitted. The estimates for Microcycle Type and Timepoint represent the deviation of the «High» level and the post-training timepoints
from the grand mean, respectively. The negative estimate for the interaction term (Microcycle Type (High) x Timepoint (24 h)) indicates
a greater decrease in CM] performance 24 hours after a high-load microcycle.
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Table 5. Estimated marginal means of countermovement jump height according to age category, microcycle type, and

recovery timepoint
Category Microcycle  Timepoint EMM (cm) SE 95% CI Lower 95% CI Upper

Ule HIGH 24h 28.72 0.422 27.89 29.55
MOD 24h 33.87 0.422 33.04 34.70
HIGH 48h 31.55 0.422 30.73 32.38
MOD 48h 34.72 0.422 33.89 35.55
HIGH Baseline 35.12 0.422 34.29 35.95
MOD Baseline 35.84 0.422 35.01 36.67

uU17 HIGH 24h 31.84 0.427 31.00 32.67
MOD 24h 36.98 0.431 36.14 37.83
HIGH 48h 34.39 0.427 33.55 35.23
MOD 48h 37.56 0.431 36.71 38.40
HIGH Baseline 38.04 0.427 37.20 38.88
MOD Baseline 38.76 0.431 37.92 39.60

U18 HIGH 24h 34.50 0.417 33.69 35.32
MOD 24h 39.65 0.414 38.84 40.46
HIGH 48h 37.16 0.417 36.34 37.98
MOD 48h 40.32 0.414 39.51 41.14
HIGH Baseline 40.30 0.417 39.48 41.12
MOD Baseline 41.02 0.414 40.21 41.83

Legend. EMM = estimated marginal means; SE = standard error; CI = confidence interval; MOD = moderate-load microcycle; HIGH
= high-load microcycle. Estimated marginal means were adjusted for acute:chronic workload ratio as covariate. U16, U17, and U18
represent age categories of elite youth soccer players. All values are expressed in centimeters.

model (M,) explained no variance, whereas the full model
(M;) accounted for 36.7% of the variance (R* = 0.367,
adjusted R* = 0.357, RMSE = 1.672 cm). The moderate
predictive capacity observed at 48 hours (R = 0.61) suggests
greater inter-individual variability in recovery patterns
compared with the 24-hour timepoint, with predictor
variables explaining a smaller proportion of differences
in neuromuscular performance restoration. Due to the
conceptual collinearity between chronological age and age
category, the results of the regression models are presented
based on the model including age category as the primary
developmental indicator.

Table 6. Model fit indices for multiple linear regression
models predicting countermovement jump changes at 24h
and 48h post-microcycle

Outcome  Model R R*  Adjusted R*> RMSE
ACMJ_24h M, 0.810  0.656 0.651 1.659
ACMJ_48 h Mo 0.000  0.000 0.000 2.086
ACM]J_48 h M, 0.606  0.367 0.357 1.672

Legend. ACMJ_24h = change in countermovement jump height
from baseline to 24 hours post-microcycle; ACMJ_48h = change
in countermovement jump height from baseline to 48 hours post-
microcycle; Mo = null model (intercept only); M; = full model
including acute:chronic workload ratio, training load (arbitrary
units), mean rating of perceived exertion, chronological age,
age category, and microcycle type as predictors; R = multiple
correlation coefficient; R* = coeflicient of determination; Adjusted
R* = adjusted coefficient of determination; RMSE = root mean
square error (expressed in centimeters).

To further ensure the robustness of these predictive findings,
a sensitivity analysis was conducted by including chronological
age as a proxy covariate for biological maturation. This step
verifies whether the main effects identified in the regression
models remain consistent when accounting for inter-individual
differences in developmental status.

Sensitivity Analysis: Inclusion of Age as a Proxy
Covariate for Biological Maturation

To address concerns regarding the integration of
biological maturation in our models, a sensitivity analysis
was performed by including chronological age as a proxy
covariate for maturation in the linear mixed models for CM]
recovery at 24 and 48 hours. This approach allows us to verify
whether the main effects observed for microcycle intensity,
ACWR, and age category remain robust when accounting
for individual variability related to maturation.

To extend the evaluation of recovery dynamics beyond
sensitivity analyses, we next examined the differential
predictive ability of regression models for CM]J changes at
24 and 48 hours post-microcycle. This approach enables a
quantitative assessment of how the combination of ACWR,
training load, RPE, age, category, and microcycle type
explains variance in neuromuscular performance, and
highlights the relative contribution of each predictor over
time.

Building on the results from the regression models,
further analyses including ANOVA and bivariate correlations
were conducted to clarify the relationships between training
load variables and CM]J changes. These analyses provide
insight into the time-dependent effects of workload metrics,
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Table 7. Sensitivity analysis: inclusion of age as a proxy covariate for biological maturation in linear mixed models for CM]J
at 24 h and 48 h post-microcycle

Timepoint Variable Coefficient (Coef.)  p-value Interpretation

Microcycle MOD vs HIGH 3.839 <0.001 i\i/[gondig?:ztnelfigcotcydes result in better recovery >
ACWR -4.284 <0.001  High ACWR reduces CMJ - significant effect

24h Category U17 vs U16 4.646 <0.001  U17 recover better than U16 - significant effect
Category U18 vs U16 8.780 <0.001  U18 recover even better > significant effect
Age -1.449 0.147  Not significant > age does not alter main conclusions
Microcycle MOD vs HIGH 4.066 <0.001  Microcycle effect maintained
ACWR -0.047 0.960  ACWR no longer significant > same pattern as original

48h Category U17 vs U16 4.097 0.001  Age effect maintained
Category U18 vs U16 8.004 0.000  Age effect maintained
Age -1.167 0.235  Not significant > robust

Coefficients from linear mixed models for the sensitivity analysis including chronological age as a proxy covariate for biological
maturation. Models account for repeated measures per player (ID) and assess the effects of microcycle intensity (MOD vs HIGH), ACWR,
and age category (U16-U18) on CM]J height at 24 and 48 hours post-microcycle. Including age shows that the main results remain robust,
confirming that chronological age is an appropriate primary factor while accounting for individual variability related to maturation.

Table 8. ANOVA for the linear regression models predicting ACM]J_24h and ACM]J_48h

Outcome Source SS df MS F P
Regression 2324 7 331.98 120.60 <.001
ACMJ_24h Residual 1216 442 2.75 — —
Total 3540 449 — — —
Regression 717.9 7 102.55 36.67 <.001
ACMJ_48h Residual 1236.0 442 2.80 — —
Total 1953.8 449 — — —

Note. Les deux modeles M, incluent ACWR, Training_Load_AU, RPE_mean, Age, Category et Microcycle_Type.

the interdependence between ACWR and total load, and
the consistency of individual recovery patterns across
measurement timepoints.

Differential Predictive Ability of
Neuromuscular Recovery Models

The ANOVA for the regression model predicting CM]
changes at 24 hours post-microcycle revealed that the
tull model was statistically significant (F (7.442)=120.60,
p<.001), with the regression sum of squares accounting for
2324.0 cm? of the total variance (3540.0 cm?). The mean
square for the regression (331.98) substantially exceeded
the residual mean square (2.75), indicating a strong overall
model fit. For CM] changes at 48 hours post-microcycle, the

When entered independently, ACWR remained a
significant negative predictor of ACMJ_24h (B = -2.79,
SE = 0.64, p < .001), indicating greater neuromuscular
performance decrements at 24 h following higher acute-
to-chronic workload ratios. In contrast, total training
load entered alone was not associated with ACM]J_24h
(B =-0.00013, SE = 0.00044, p = .767). Model performance
indices were comparable, supporting the interpretation
that ACWR captures a performance-relevant signal that is
not explained by absolute load alone. Detailed results are
presented in Table 8.

Table 9. Sensitivity analyses addressing collinearity
between ACWR and total training load for ACM]_24h

regression model was also statistically significant (F = _Model Primary predictor L2t 12 £ p
36.67, p<.001), with a regression sum of squares of 717.9 cm? ACWR (no Training

A —-2.786 £ 0.63 -4.36 <.001
out of a total variance of 1953.8 cm?. Notably, the F-ratio for Load) ? <
the 24-hour model was approximately 3.3 times higher than Training Load (no
that observed at 48 hours, reflecting a markedly stronger B ACWR;g —0.00013 £ 0.00044 -0.30 767

predictive contribution of the independent variables at the
earlier recovery timepoint. Residual mean squares were
comparable between models (2.75 vs. 2.80), suggesting
similar error variance despite substantial differences in
explained variance.

Note. ACMJ_24h = CMJ_24h — CM]J_baseline. Les deux modéles
ont été ajustés pour l'age, la catégorie dage, le type de microcycle et
RPE_mean. TCACWR et la charge totale ont été inclus séparément
afin de répondre a la colinéarité entre ces indicateurs.
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Time-Dependent Predictors of Neuromuscular
Recovery Following Training Microcycles

For CMJ changes at 24 hours post-microcycle, ACWR
emerged as a significant negative predictor (B = -2.78,
B =-0.29, t = -4.34, p < .001), indicating that higher
acute-to-chronic workload ratios were associated with
greater neuromuscular performance decrements. Age
also demonstrated a significant negative effect (B = —1.15,
B =-0.36, t = —3.30, p = .001). In contrast, neither training
load (B = —0.000, p = .966) nor RPE (B = 0.21, p = .331)
significantly predicted CM] changes at this timepoint. Age
category exerted a significant influence, with U17 (B = 1.44,
t=3.41,p<.001)and U18 (B=3.00,t=4.02, p <.001) players
exhibiting smaller performance decrements compared with
U16 players. Microcycle type was also a significant predictor
(B =3.33,t=7.03, p <.001), indicating that moderate-load
microcycles were associated with attenuated CM]J declines
relative to high-load microcycles. It is important to note that
the persistence of ACWR significance in regression models,
coupled with the non-significance of absolute training load,
must be interpreted in light of a statistical suppression
effect related to the high multicollinearity between these
two variables. Thus, these results should not be interpreted
as demonstrating a strictly independent predictive value of
ACWR. At 48 hours post-microcycle, the predictive pattern
differed substantially. ACWR (B = -0.07, p = .911), training
load (B =-0.000, p =.295), and RPE (B =0.33, p =.132) were
no longer significant predictors. Age remained significantly
associated with CMJ changes (B =-0.82, B =—-0.35,t=-2.33,
p = .021). Regarding categorical variables, U18 players
continued to exhibit significantly smaller performance
decrements (B = 2.12, t = 2.81, p = .005), as did players
exposed to moderate-load microcycles (B = 2.53, t = 5.30,

p <.001). The effect of the U17 category approached, but did
not reach, statistical significance at this timepoint (B = 0.83,
t=1.95,p =.052).

Relationship Between Training Load Variables and
Changes in Countermovement Jump Performance

All bivariate correlations reached statistical significance
(p < .001). A strong positive correlation was observed
between ACWR and training load (r = 0.81, 95% CI [0.77,
0.84]). ACWR demonstrated a strong negative correlation
with changes in CM]J performance at 24 h (r = -0.77, 95%
CI [-0.80, —0.73]) and a moderate negative correlation at 48
h (r=-0.53,95% CI [-0.60, —0.46]). Similarly, training load
exhibited a strong negative correlation with CM]J changes
at 24 h (r = -0.69, 95% CI [-0.74, —0.64]) and a moderate
negative correlation at 48 h (r = -0.52, 95% CI [-0.59,
—0.45]). A moderate positive correlation was found between
CM]J changes at 24 h and 48 h (r = 0.65, 95% CI [0.60, 0.70]),
indicating consistent individual recovery patterns across
measurement time points. The strong association between
ACWR and training load is expected because acute training
load constitutes a component of the ACWR calculation.
Therefore, these variables should not be regarded as
statistically independent when interpreting analyses that
include both measures.

Discussion

The aim of this longitudinal study was to document
the evolution of neuromuscular performance, as measured
by CM]J, in developing elite footballers subjected to
different training load intensities and recovery periods.

Table 10. Standardized and unstandardized regression coeflicients for predictors of countermovement jump changes at 24

h and 48 h post-microcycle

Predictor B SE B t p
Intercept 13.582 5.367 — 2.531 .012
ACWR -2.784 0.641 -0.286 -4.343 <.001
Training Load (AU) -0.000 0.000 -0.004 -0.043 .966
zréﬁi‘;:h"f RPE_mean 0.212 0.218 0.077 0.973 331
Category (U17) 1.444 0.423 — 3414 <.001
Category (U18) 3.004 0.747 — 4.018 <.001
Microcycle (MOD) 3.327 0.473 — 7.034 <.001
Intercept 7.625 5.410 — 1.409 159
ACWR -0.072 0.646 -0.010 -0.112 911
Training Load (AU) -0.000 0.000 -0.124 -1.049 295
zréﬁi‘:;h(’f RPE_mean 0.331 0219 0.162 1.507 132
Category (U17) 0.832 0.426 — 1.952 .052
Category (U18) 2.116 0.753 — 2.809 .005
Microcycle (MOD) 2.529 0.477 — 5.304 <.001

Legend. B = unstandardized regression coefficient; SE = standard error; p = standardized regression coeflicient; t = t-statisticc ACWR =
acute:chronic workload ratio; AU = arbitrary units; RPE = rating of perceived exertion; MOD = moderate-load microcycle; ACMJ_24h
= change in countermovement jump height from baseline to 24 hours post-microcycle; ACMJ_48h = change in countermovement jump
height from baseline to 48 hours post-microcycle. Reference categories: U16 for age category; HIGH for microcycle type. Standardized
coeflicients () are reported only for continuous predictors. Significance level set at p < .05.
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Table 11. Pearson correlation coeflicients between Acute
Chronic workload ratio, training load, and changes in
countermovement jump performance at 24h and 48h
post-microcycle

Variables Pearrsons 95% CI
ACWR - Training Load o 07 < 001 [0.772, 0.837]
(AU)

ACWR - ACMJ_24h 450 -0.766 <.001 [-0.802,—0.725]
ACWR - ACM]J_48h 450 -0.534 <.001 [-0.597,-0.464]
Training Load -

ACMJ_24h 450 -0.693 <.001 [-0.739, -0.642]
Training Load -

ACM]J._48h 450 -0.523 <.001 [-0.587,-0.453]
ACM]J_24h - ACMJ_48h 450  0.654 <.001 [0.597, 0.704]

Note. ACWR = acute:chronic workload ratio; AU = arbitrary
units; ACMJ_24h = change in countermovement jump height
from baseline to 24 h post-microcycle; ACMJ_48h = change
in countermovement jump height from baseline to 48 h post-
microcycle; CI = confidence interval; n = sample size. Negative
correlation coefficients indicate that higher workload measures
were associated with greater reductions in CMJ performance.

To provide clarity, we first summarize the key findings of
our investigation. Three major findings emerged: (1) the
identification of a critical window of neuromuscular fatigue
at 24 h post-training, evidenced by a significant interaction
between microcycle intensity and recovery time (F, 51453 =
138.445, p < .001); (2) the predominant predictive role of
ACWR in CM] performance alterations at 24 h ( = -0.286,
p < .001), but not at 48 h (B = -0.010, p = .911); and (3)
the substantial modulating effect of age category, with U18
players demonstrating greater resilience to load-induced
neuromuscular perturbations. These findings collectively
provide a basis for a more detailed analysis of the underlying
physiological mechanisms. The maximum deterioration in
CM]J performance observed 24 h post-training (a decrease
from 38.21 cm to 34.30 cm), followed by gradual but
incomplete recovery at 48 h, is consistent with recent studies
(Akyildiz et al., 2022; Silva et al., 2021). This observation
highlights a critical decision point at which reductions in
CM] performance reflect an integrated alteration of the
neuromuscular system, potentially involving dysfunction
of the stretch-shortening cycle, central fatigue, and/or
metabolic disturbances, although these mechanisms cannot
be distinguished in the absence of direct mechanistic
measurements. Furthermore, recovery beyond 48 h appears
necessary for complete restoration of neuromuscular
performance. Incomplete recovery at 48 h suggests that
substantial training loads require more than 48 consecutive
hours for full recovery. Central and peripheral fatigue
mechanisms likely play a decisive role in this prolonged
recovery process (Pinelli et al., 2025b). Next, we consider the
influence of age and biological maturation on neuromuscular
resilience. CM]J is a reliable indicator with a coefficient of
variation of less than 5% (Gathercole et al., 2015). Our data
quantify the magnitude of the neuromuscular deficit at
24 h (approximately 3.9 cm on average) and confirm that
recovery remains incomplete at 48 h, supporting the use of

CM] as a monitoring tool with sufficient temporal sensitivity
to guide training decisions. Additionally, the interaction
between microcycle intensity and recovery kinetics
underscores the complex dynamics of fatigue. The significant
interaction between microcycle intensity and recovery
kinetics (B = -1.072, p < .001) represents one of the major
contributions of this study. Although our investigation relies
on observational CM] measures, the use of sophisticated
statistical models allows the identification of key modulators
of neuromuscular recovery. The combined application of
linear mixed models and multiple regression analyses
enables the isolation of the modulatory effects of microcycle
intensity, ACWR, and chronological age on neuromuscular
recovery. These analyses not only describe the temporal
dynamics of fatigue but also support plausible physiological
interpretations involving peripheral fatigue associated with
muscle contractility and tendon elastic properties, together
with central fatigue related to motor unit recruitment
and corticospinal excitability. Moreover, the influence
of biological maturation, particularly among U16-U18
players, indicates that pubertal development contributes to
neuromuscular resilience and supports the integration of
developmental status into training planning. Consequently,
this study proposes an integrative conceptual framework
linking training load, ACWR, chronological age, and
neuromuscular responses, thereby providing practitioners
with a scientific basis for individualized decision-making.
Even without direct biomarker measurements, the
longitudinal design and hierarchical analytical approach
provide a physiologically grounded interpretation that
supports the use of CMJ as an operational monitoring
tool and informs preventive and adaptive strategies in elite
football academies. High-load microcycles produced mean
reductions in CM] performance of approximately 5.15 cm at
24 h compared with moderate-load microcycles, reflecting
a significant main effect of microcycle type. This effect did
not differ across age categories, as indicated by the absence
of a significant Category x Microcycle x Time interaction (p
> .34). These findings emphasize the importance of training
load magnitude in determining recovery dynamics. This
dose-response relationship is consistent with conceptual
models of cumulative fatigue (Malone et al., 2017b). The
substantial differences between moderate- and high-load
microcycles underline the importance of careful training
planning (Field et al., 2021). The significant interaction
turther indicates that training load intensity determines not
only the magnitude but also the duration of neuromuscular
disruption, with direct implications for the scheduling
of high-intensity training sessions. The operational and
quantitative definition of microcycles adopted in this study
strengthens the internal validity of the comparisons and
reduces the interpretative ambiguity frequently associated
with qualitative classifications of training load.

The significant increase in internal load (sRPE) and
external load parameters (total distance and accelerations)
during HIGH compared with MOD microcycles is consistent
with periodization patterns reported in professional soccer.
This confirms the relevance of session-specific metrics for
capturing load-induced fatigue. The sensitivity of sRPE in
reflecting these variations in training volume and intensity
confirms its role as a robust indicator of overall training load,
as highlighted by Nobari et al. (2022), who observed similar
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fluctuations between preparation and competition periods.
Thecleardifferentiationinhigh-intensityacceleration metrics
(>2 m-s? and >3 m-s?) is particularly relevant. Accelerations
are known to impose substantially greater metabolic and
neuromuscular demands than running at a constant speed
because of the eccentric nature of the associated muscle
contractions. Therefore, high-intensity accelerations are
critical determinants of residual fatigue. These findings
corroborate those of Gualtieri et al. (2023), who showed
that acceleration density during high-load microcycles is
the principal determinant of residual fatigue observed at
the end of the training week. Furthermore, the increase in
total distance covered during the HIGH microcycle suggests
an intentional manipulation of training volume, a classic
strategy for stimulating physiological adaptations while
remaining within the recommended ACWR range (0.8-
1.3), in line with the recommendations of Qin et al. (2025b).
This methodological clarity supports the interpretation
that the observed differences are meaningful rather than
artefactual. We now shift our focus to the predictive utility
of ACWR. This clear distinction between the two microcycle
types supports the methodological approach adopted to
investigate recovery. As demonstrated by Moran-Navarro et
al. (2017), the kinetics of neuromuscular recovery are directly
dependent on the magnitude of accumulated external load,
thereby explaining why HIGH microcycles may result in
incomplete recovery at 48 h, whereas MOD microcycles are
better tolerated. The ability of ACWR to predict changes
in countermovement jump (CM]J) performance at 24 h,
together with its strong correlation with total training load
(r = 0.807), highlights the challenge of collinearity inherent
in training load monitoring. As suggested by Gabbett et
al. (2016), ACWR is mathematically dependent on acute
workload, making it difficult to isolate its independent effect.
Nevertheless, our resultsindicate that ACWR providesamore
informative contextual indicator than acute workload alone
for identifying immediate decrements in neuromuscular
performance. This finding is consistent with Stapleton et
al. (2021), who argued that the ratio provides information
about the athlete’s readiness that absolute workload alone
cannot capture. However, its predictive ability diminishes
during medium-term recovery. The attenuation of this
predictive effect at 48 h represents an important finding of
the present study. It suggests that although workload largely
determines the initial fatigue response, the rate of recovery
over the following 48 h is influenced predominantly by non-
mechanical factors (Impellizzeri et al., 2019). Finally, we
discuss age-related differences in neuromuscular resilience.
Previous studies have also reported that markers of muscle
damage and jumping performance are no longer associated
with GPS-derived metrics after 48 h, suggesting that
biological recovery processes, including sleep, nutrition, and
individual variability, become the dominant determinants of
recovery. This transition highlights the limitations of ACWR
as a stand-alone tool for medium- and long-term training
planning and supports its integration into a multimodal
monitoring system. In the present study, ACWR was used
as a contextual indicator of recent training load relative to
the player’s chronic workload, allowing the identification of
athletes susceptible to short-term neuromuscular fatigue.
Our findings demonstrate a significant association between
ACWR and CM] decrements at 24 h after the microcycle,

whereas this relationship was no longer evident at 48 h. This
pattern indicates that ACWR primarily reflects immediate
fatigue rather than medium-term recovery. Its interpretation
should therefore consider important methodological
limitations, including its mathematical dependence on
workload measures and its collinearity with total training
volume. Consequently, ACWR should be regarded as a
heuristic tool within a multimodal monitoring framework,
complemented by direct measures of neuromuscular
performance (CM]J), RPE, and indicators of age or
biological maturation to guide individualized training load
adjustments safely and effectively. Our sensitivity analysis
further suggests that ACWR functions as a contextual filter.
In elite soccer, where competition schedules are congested,
identifying load-adaptation imbalance at 24 h is crucial for
optimizing immediate recovery strategies. As highlighted
by Moore (2016), residual neuromuscular fatigue following
a high acute workload alters running mechanics and
increases the risk of non-contact injury, supporting the use
of ACWR as an early warning indicator rather than as a
direct physiological predictor.

Although some observations confirm previously
established effects ofload intensity on CMJ, our study provides
several original contributions. First, the longitudinal design
with six measurements per player, combined with linear
mixed model analyses, allows fine-grained and hierarchical
characterization of fatigue and recovery dynamics, rarely
addressed in the literature on young footballers. Second,
the integration of ACWR as a contextual indicator, coupled
with chronological age and estimated biological maturation,
provides a predictive model of neuromuscular response
capable of differentiating vulnerability between U16, U17,
and U18 players. Third, precise quantification of effects at
24 and 48 hours post-microcycle, along with demonstration
of partial recovery, offers novel practical and scientific
insight, enabling individualized recommendations for
training planning and overload prevention. Collectively,
these elements provide our work with original value and
scientific contribution beyond merely confirming previously
established results.

Finally, we discuss age-related differences in
neuromuscular resilience. U18 players consistently
demonstrated superior CM] performance (38.82 *
3.29 cm) compared with U17 (36.27 + 3.33 cm) and U16
(33.30 £ 3.53 cm) players. Although chronological age was
a significant predictor (B = -0.362 at 24 h), it remains an
imperfect proxy for biological maturation (Wenger & Csapo,
2025). The greater resilience observed in U18 players may
be explained by several mechanisms, including increased
musculotendinous stiffness, which enhances stretch-
shortening cycle (SSC) efficiency (Katare et al., 2022), greater
muscle cross-sectional area, which reduces mechanical
stress on individual muscle fibers, improved neuromuscular
coordination, and metabolic adaptations that facilitate
recovery. These findings highlight the importance of
integrating maturation indicators into training monitoring.
Sensitivity analyses using chronological age as a proxy
for biological maturation confirmed that the main effects
of microcycle intensity, ACWR, and age category on CMJ
recovery remained robust. Although chronological age itself
was not a significant independent predictor in all models,
the results support the theoretical importance of considering
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biological maturation, particularly in players aged
U16-U18. They further suggest that individual variability
in maturation may influence neuromuscular responses,
whereas the primary effects of training load and ACWR
remain consistent across developmental stages. Biologically
less mature athletes have been shown to be at greater risk
of injury when exposed to training loads comparable to
those experienced by their more mature peers (Birat et al.,
2018). The greater neuromuscular resilience observed in
U18 players therefore emphasizes the dominant influence
of biological development on training load tolerance. As
demonstrated by Birat et al. (2018), differences in maturation
status within the same chronological age category can
substantially influence creatine kinase responses and CM]
performance following maximal exercise. The greater muscle
mass and increased musculotendinous stiftness associated
with pubertal maturation may act as protective factors
against structural damage induced by repeated accelerations.
Likewise, the greater susceptibility of U16 and U17 players to
neuromuscular disturbances is consistent with the findings
of Clavel etal. (2022), who suggested that players undergoing
peak height velocity (PHV) experience a period of “growth
vulnerability,” during which the neuromuscular system
has difficulty adapting to rapidly increasing external loads.
Consequently, ACWR and acute fatigue indicators should be
interpreted with particular caution during these biological
transition phases. The inability to distinguish the effects of
training experience from those of biological maturation,
acknowledged as a limitation of the present study, is also
recognized in the current literature (Abbott et al., 2019).
Abbott et al. (2019) reported that accumulated training
volume (training age) and biological maturation interact
to determine recovery capacity. Therefore, our findings
support the adoption of bio-banding or, at a minimum, the
systematic inclusion of biological maturation indicators,
such as maturity offset, in athlete monitoring protocols to
improve the predictive accuracy of fatigue models in elite
youth footballers.

Moreover, the influence of extra-training factors should
be acknowledged. Although this study focused on training
workload, the variability in recovery trajectories observed,
particularly at 48 h, suggests a predominant influence
of extra-training factors. As pointed out by Nobari et al.
(2022), even in controlled environments such as professional
soccer academies, individual differences in sleep quality and
psychological stress can alter the recovery kinetics of the
autonomic nervous system independently of accumulated
GPS-derived workload. Sleep, in particular, is a critical
mediator of protein synthesis and glycogen replenishment,
both of which are essential for neuromuscular recovery.
Therefore, athlete monitoring should adopt a holistic
approach that incorporates both training load and individual
recovery profiles. The apparent homogeneity of academy
training routines does not preclude individual metabolic
variability. Silva et al. (2021) demonstrated that nutritional
and hydration status directly influence the clearance of muscle
damage markers, such as creatine kinase, which may explain
why some players recover their CM] performance within
48 h whereas others remain in a state of residual fatigue.
Furthermore, the qualitative characteristics of training
sessions, such as eccentric versus metabolically dominant
content, introduce variability that global workload indicators

(e.g., sRPE or total distance) may not adequately capture.
Gualtieri et al. (2023) suggested that neuromuscular fatigue
is more sensitive to the density of high-intensity actions
than to overall training volume, reinforcing the importance
of session content rather than workload magnitude alone.
Finally, the lack of control for previous injury history
represents an important latent variable. A history of muscle
injury may permanently alter musculotendinous stiffness
and motor activation patterns, making some athletes
inherently more susceptible to acute increases in training
load. This observation supports the implementation of
holistic monitoring systems in which training load data are
interpreted alongside wellness indicators and individualized
recovery profiles, as recommended by Qin et al. (2025a), to
improve clinical decision-making. Based on these findings,
several practical recommendations can be proposed. First,
the CMJ test should be performed routinely 24 h after
high-load training sessions to identify players experiencing
clinically relevant neuromuscular fatigue (R. J. Gathercole et
al., 2015). Second, our correlational analyses suggest that an
ACWR exceeding 2.0 is associated with greater reductions
in CMJ performance. Although interventional studies
are required to establish causal thresholds, maintaining
ACWR below 2.0 appears to be a prudent practical strategy
when combined with other indicators of training load and
recovery. Third, at least 48 h of recovery should be scheduled
following high-load microcycles, whereas recovery periods
of up to 72 h may be more appropriate for Ul6 and U17
players (Field et al., 2021). Finally, for potentially less
biologically mature players, particularly those in the U16
category and some U17 players, longer intervals between
high-load exposures and/or adjustments to the volume and
intensity of the most demanding training content should be
considered without prescribing fixed percentage reductions.
Numerical recommendations (e.g., 15-20%) reported in the
applied literature should be regarded as provisional guidance
until confirmed by interventional studies. Collectively, these
recommendations support individualized training planning
aimed at reducing injury risk while optimizing performance.

Conclusions

This longitudinal study highlights the existence of a
critical window of neuromuscular fatigue at 24 hours post-
microcycle, modulated by training load intensity and relative
load context. The countermovement jump demonstrates
a relevant temporal sensitivity for detecting short-term
neuromuscular alterations in elite young footballers, with
a maximal decrease in performance observed at 24 hours
followed by partial recovery at 48 hours. The significant
interaction between microcycle type and recovery time
confirms that high-load microcycles induce more marked
and prolonged neuromuscular disturbances compared to
moderate microcycles. The acute/chronic load ratio emerges
as a strong predictor of performance alterations at 24 hours,
but loses its predictive capacity at 48 hours, highlighting
the temporal complexity of neuromuscular recovery. U18
players showed greater neuromuscular resilience than the
U16 and U17 categories, probably reflecting the influence of
biological maturation status on load tolerance. These results
underline the need for systematic monitoring of CMJ 24
hours after high-load microcycles, and for individualized
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management according to developmental status. From
an applied point of view, these results suggest the value
of integrating CMJ as an operational monitoring tool to
guide load adjustment decisions in real time, particularly
in younger players. However, these recommendations are
based on observational associations and require validation
by rigorous interventional studies. Future research should
incorporate validated indicators of biological maturation,
extend observation windows beyond 48 hours, and
incorporate mechanistic biomarkers to dissociate the
contributions of central and peripheral fatigue.

Strengths, Limitations and Prospects

This study has several strengths, including its
longitudinal design, the application of rigorous linear mixed
models, a substantial dataset comprising 450 observations
without missing values, and a standardized testing protocol
(R. Gathercole et al., 2015). However, several limitations
should be acknowledged, including the absence of blood
biomarker measurements, the lack of standardized recovery
protocols, and, most importantly, the use of chronological age
rather than biological maturation status (Wenger & Csapo,
2025). Future research should prioritize (1) the integration
of biological maturation into monitoring models (Wenger &
Csapo, 2025) and (2) the development of real-time athlete
monitoring systems. In the longer term, mechanistic studies
incorporatingbiomarkersand neurophysiological techniques
may help distinguish the relative contributions of peripheral
and central fatigue, whereas randomized controlled trials
comparing different load-modulation strategies could
strengthen evidence-based practical recommendations
(Field et al., 2021). An important limitation of the present
study is thelack of direct assessment of biological maturation.
Although chronological age categories are commonly used
as a proxy for developmental status in applied settings,
they do not adequately capture inter-individual variability
in maturation. Future investigations should therefore
incorporate validated indicators of biological maturation,
such as age at peak height velocity or maturity offset, to better
distinguish the respective contributions of chronological
age and biological development to neuromuscular fatigue
and recovery. Another methodological limitation is the
high degree of multicollinearity between ACWR and total
training load. This structural dependence, inherent to the
formulation of ACWR, may produce suppression effects
in regression analyses and limits the interpretation of
ACWR as an independent predictor. Future studies should
consider alternative analytical approaches, including
separate regression models, hierarchical modeling, or the
use of exponentially weighted workload metrics, to better
differentiate the respective contributions of acute and
chronic training load. A further limitation concerns the
inability to estimate random slopes reliably for individual
recovery trajectories. Although inter-individual variability
in responses to training load is biologically plausible, the
available data structure did not support stable estimation
of random-slope models. Future studies including a greater
number of measurement occasions and higher observation
density per participant may permit more precise modeling
of individual recovery trajectories. An additional limitation
relates to the absence of explicit measurement and control

of several potentially important confounding variables,
including sleep quality, nutritional and hydration status,
specific training session characteristics, match exposure
during the microcycle, and previous injury history. Although
these factors were partially standardized within the
professional academy environment, they may nevertheless
influence neuromuscular recovery and contribute to the
inter-individual variability observed. Future research should
incorporate these variables into multifactorial analytical
models to improve understanding of the determinants of
recovery in elite youth footballers. In summary, this study
demonstrates that CMJ is a sensitive tool for detecting a
critical window of neuromuscular fatigue 24 h after high
training loads, with responses modulated by ACWR and age
category. Its application in longitudinal athlete monitoring
appears justified when interpreted within a contextualized,
multimodal framework, while recognizing the limitations
associated with biological maturation and other unmeasured
confounding factors.
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BTOMU. BeprykanpHmit cTrpubok i3 koHTppyxom (VJM) samyiraerbcsi MpiOpUTETHUM ITOKa3HMKOM HEPBOBO-M 5130BOrO CTaHY,
OJHAK KiHeTMKa BifIHOB/IEHHA MiC/IA MiKPOLMK/IiB KOHTPACTHOI iHTEHCMBHOCTI y IOHMX CIIOPTCMEHIB JJOCi HeJOCTaTHHO BYBYEHA.

Mera. JlocmianTy BIUINB TPeHYBaIbHOTO HABAaHTA)KEHHsI Ta 4aCy BiTHOB/IEHHS Ha HEPBOBO-M s30BY IIPal[e3AaTHICTD IIUIIXOM
aHaIi3y MOMY/IIO0YOTO BIJIMBY TUITY MiKPOLIMK/IY, BIKOBOI KaTeropii Ta CIiBBifIHOIIEHHS FOCTPOTO /1 XpPOHIYHOIO TPEHYBAIbHOTO
HaBanTaxeHHsa (ACWR).

Marepianu Ta MeTogu. Y IECTUMICAYHOMY JIOHTITIOHOMY JOCTI/PKEHH] B3N yYacThb 75 emiTHUX GyTOONiCTiB Y0m0Bidoi
crari (U16-U18). ITpoToxon nepepbadas owiHIOBaHH: cTpubKa 3 KOHTppyxoM (CM]) 1o, a Takox depes 24 rog i 48 rop micrs mi-
KPOLMK/IiB IIOMipHOI Ta BUCOKOI iHTeHCMBHOCTI. J]/1s1 aHanisy OCHOBHMX edeKTiB i B3aeMOpiil BUKOPUCTOBYBaIM JIiHiliHi 3MimaHi
MOJIEeTTi.

Pesynbratu. Buspneno cratuctuyno sHauymi edextu iy mikpouukny (F = 69.93, p < 0.001), yacy sumipiopanus (F =
374.48,p <0.001) Ta ACWR (F =7.41, p = 0.007). MiKpoLuK/y BUCOKOI iHTEHCMBHOCTI CPUYMHSIIN OiIbII BUPaXKEHe 3HVDKEHHS
nokasHukis CMJ uepes 24 rop (B = -1.072, p < 0.001), mic/st yoro yepes 48 rof criocrepiraocs 4acTKoBe BifHOB/IeHH:. BcTaHOB-
JIEHO CHIbHUI Koperanirtamit 38’130k Mbk ACWR i 3mMiHaMu nokasuukis CM] yepes 24 rog (r = -0.766, p < 0.001).

BucHoBok. Yepes 24 rop mic/st MIKPOLIMKITY ICHY€ KPUTIYHE «BIKHO» HEPBOBO-M sI30BOI BTOMI, sIKE MOJY/IFOETHCSI IHTEHCUB-
HICTIO TPEHYBa/IbHOIO HaBaHTA)KEHHA Ta KOHTEKCTOM TPEHYBA/IbHOIO HAaBAHTAXKEHHS, LI0 MiITBEPIKYE JOLI/IbHICTh CUCTEMA-
TUYHOTO MOHITOPMHTY HEPBOBO-M SI30BOTO CTAHY IIiC/IA MiKPOLIMKIIIB BUCOKOI iIHTEHCMBHOCTI.

Kno4oBi croBa: HepBoBO-M’s130Ba BTOMa, CTPUOOK i3 KOHTPPYXOM, TPeHyBa/IbHe HABAHTA)KEHH:, CIIiBBiJIHOLIIEHHS FOCTPO-
IO i XPOHIYHOTO TPEHYBa/JIbHOTO HABAHTAXKEHHS, IOHI (byT60niCTM, BiTHOBJIEHHS.
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Abstract

Objectives. To determine whether a six-week Speed, Agility, and Quickness (SAQ) training programme improves
linear sprint performance and change-of-direction ability in adolescent female soccer players.

Materials and Methods. This randomized controlled trial included 48 adolescent female soccer players (mean age:
17 years), who were randomly assigned to either an SAQ training group (n = 24) or a control group (n = 24). Both
groups completed three training sessions per week over a six-week intervention period. Linear sprint performance
was assessed using the 30-m sprint test, and change-of-direction ability was evaluated using the Illinois Agility Test.
Measurements were performed before and after the intervention.

Results. No significant between-group differences were observed at baseline for any study variable (all p > 0.05).
Following the intervention, significant group x time interactions were found for both 30-m sprint performance and
Ilinois Agility Test performance (both p < 0.05). Compared with the control group, the SAQ group demonstrated
significantly greater improvements in sprint and agility performance. A modest but statistically significant
improvement in 30-m sprint performance was also observed in the control group, whereas agility performance

remained unchanged.

Conclusions. A six-week SAQ training programme effectively improves linear sprint performance and change-of-
direction ability in adolescent female soccer players. Incorporating structured SAQ exercises into regular soccer
training provides greater improvements in these performance characteristics than conventional soccer training
alone and may therefore be recommended as an effective component of physical conditioning programmes for youth

female soccer players.

Keywords: adolescent female soccer players, speed, agility and quickness, sprint performance, change-of-direction

ability, soccer training.

Introduction

Soccer performance is determined by the ability to
repeatedly execute high-intensity actions interspersed with
periods of lower-intensity activity throughout a 90-minute
match. Success in competitive play depends not only on
technical and tactical proficiency but also on the capacity to
accelerate, decelerate, sprint, rapidly change direction, and
perform explosive sport-specific actions under conditions

© Rabharjo, S., Yunus, M., Raja Azidin, R. M. E,
& Arfiansyah, E. N., 2026.

@ PETM
LLCOVS

of accumulated fatigue (Stelen et al.,, 2005; Bangsbo,
2014). Consequently, modern conditioning programmes
increasingly emphasise the development of neuromuscular
qualities that enable players to sustain repeated high-
intensity efforts during competition (Spori$ et al., 2011).

In women’s soccer, the physical demands have increased
substantially with the continuing professionalisation of
the sport. Match play requires frequent accelerations,
maximal and near-maximal sprints, multidirectional
movements, jumping, tackling, and ball-related technical
actions performed at varying intensities (Drust et al., 2007).
Previous investigations have identified sprint performance,
change-of-direction ability, agility, explosive lower-limb
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power, and aerobic fitness as key determinants of successful
performance in female players (Faude et al., 2012; Zouhal
et al.,, 2021). These physical capacities are interrelated
and require systematic training approaches capable of
simultaneously improving movement efficiency and sport-
specific performance (Buchheit et al., 2018; Hornikova &
Zemkova, 2021).

Among contemporary conditioning methods,
Speed, Agility, and Quickness (SAQ) training has gained
considerable attention because it integrates linear sprinting,
multidirectional movement patterns, acceleration,
deceleration, coordination, and reactive motor tasks within
a single training framework (Pearson, 2001). Rather than
targeting isolated physical qualities, SAQ training aims
to enhance the neuromuscular mechanisms underlying
rapid movement execution, efficient transitions between
movement patterns, and effective control of body position
during high-speed actions (Trecroci et al.,, 2022). Such
characteristics make this approach particularly suitable
for intermittent team sports, where repeated changes
in movement direction and velocity are fundamental
components of match performance.

Growing evidence indicates that SAQ-based
interventions can improve several performance-related
variables in soccer players. Positive adaptations have been
reported for sprint acceleration, maximal running speed,
change-of-direction performance, reactive ability, and
explosive power following structured training programmes
lasting between six and twelve weeks (Jovanovic et al., 2011;
Milanovié et al., 2013; Azmi & Kusnanik, 2018; Formenti et
al., 2021). Nevertheless, most available evidence has been
obtained from male athletes or mixed populations, whereas
comparatively few investigations have specifically examined
highly trained female soccer players. Moreover, differences
in physiological characteristics, neuromuscular function,
and training adaptations suggest that findings derived
from male cohorts cannot be directly generalised to female
athletes (McKay et al., 2022).

Although previous studies have demonstrated beneficial
effects of SAQ training in female youth soccer players
(Mathisen & Pettersen, 2015), the available evidence remains
limited with respect to intervention duration, competitive
level, and regional training environments. Additional
research is therefore warranted to clarify the effectiveness of
short-term SAQ programmes implemented within regular
training schedules for female players competing at the
university level.

Accordingly, the purpose of this study was to examine
the effects of a six-week SAQ training programme on
sprint performance and agility in female soccer players. It
was hypothesised that integrating SAQ training into the
regular training programme would produce significant
improvements in linear sprint performance and agility
compared with conventional soccer training.

Materials and Methods

Participants

Forty-eight amateur female soccer players (mean + SD:
17.4 £ 1.5 years) voluntarily participated in this randomized
controlled trial. An a priori sample size calculation indicated

thatatleast 17 participants were required to detect meaningful
differences between groups with adequate statistical power.
Eligible participants were required to be between 16 and 18
years of age, have accumulated a minimum of two years of
competitive soccer experience, be free from musculoskeletal
injury during the previous six months, and regularly
participate in organized training and official competition.
Before enrolment, all participants received verbal
and written information regarding the study objectives,
experimental procedures, and potential risks. Written
informed consent was obtained from each participant before
data collection. The study protocol was approved by the
Sports Science Ethics Committee of Malang State University
(Approval No. 22.1.18/UN32.6.1/2025) and conducted in
accordance with the principles of the Declaration of Helsinki.

Study Design

A parallel-group randomized controlled design was
employed to determine the effects of a six-week Speed,
Agility, and Quickness (SAQ) training programme on
sprint and agility performance. Following baseline testing,
participants were randomly assigned in a 1:1 ratio to either
an experimental SAQ group (n = 24) or a control group
(n=24).

Physical performance was evaluated before and
immediately after completion of the intervention using two
standardized field tests: the 30-m linear sprint test and the
Illinois Agility Test. The primary outcome variables were
sprint time over 30 m and agility completion time.

Experimental Procedures

The intervention was conducted over six consecutive
weeks on a regulation outdoor natural-grass soccer field (90 x
120 m). Training and testing sessions were scheduled between
15:30 and 17:30 h under the supervision of experienced soccer
coaches holding continental coaching qualifications.

Prior to the experimental period, participants completed
familiarization sessions to ensure consistent execution of all
testing procedures and training drills. Soccer boots were worn
during every training and testing session. Participants were
instructed to maintain their habitual nutritional practices,
daily routines, and regular physical activity outside the study
in order to minimize the influence of external factors on
training adaptations.

Training Intervention

Both groups completed three supervised training
sessions per week in addition to their regular soccer practice.
The experimental group performed a progressive SAQ
programme specifically designed to develop acceleration,
multidirectional speed, reactive agility, and movement
coordination, whereas the control group completed
conventional sprint and zigzag running exercises matched
for overall training volume.

Training intensity increased progressively throughout
the intervention, beginning at approximately 80% of maximal
effort during Weeks 1-2, increasing to approximately 90%
during Weeks 3-4, and reaching maximal intensity during
Weeks 5-6. Coaches continuously monitored exercise
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Table 1. Training program

i Week 1-2 Week 3-4 Week 5-6
Intensity 80% Intensity 90% Intensity 100%
SAQ Speed Speed Speed
Wall Drill 3 Count-A Skip, A Run, and Speed Ladder Drill Speed Hurdle Drill
B Run Speed Training Band COD speed
COD Speed COD speed Slalom Sprint
Hop Scotch Agility Ladder Drill Agility Hurdle Drill
Agility Ladder Drill Reactive Agility Reactive Agility
Tictac Toe Game Relay race game
Control Grup Sprint 15m Sprint 20m Sprint 25m

Zig-Zag Sprint
General Training ~ Passing Exercise
Small Sided Game 4v4 5min x 2 (30 x

40m)

Zig-Zag Sprint

Passing Exercise

Small Sided Game 4v4 with mini goal
5min x 2 (30 x 40m)

Finishing drill

Zig-Zag Sprint

Passing Exercise

Small Sided Game 4v4+3N 5min x
2 (30 x 40m)

Finishing drill

Note: all groups did general training after the intervention exercises in each group.

execution to ensure that the prescribed intensity was
achieved.

Each exercise consisted of three sets of four repetitions
separated by 90 s of passive recovery, while a 3-min recovery
interval was provided between different drills. After
completion of the experimental or control intervention,
both groups participated in identical soccer-specific training
sessions that included technical exercises, tactical drills,
small-sided games, and finishing practice. Consequently,
the principal difference between groups was limited to the
conditioning component of the training programme.

Performance Testing

30-m Sprint Test

Linear sprint performance was assessed using a maximal
30-m sprint test. Participants started from a stationary
standing position immediately behind the starting line
and were instructed to complete the distance as rapidly as
possible. Sprint time was measured to the nearest 0.01 s
using a digital stopwatch (CASIO HS-70W, Tokyo, Japan).
Two maximal trials were performed with sufficient passive
recovery between attempts, and the fastest performance was
retained for statistical analysis.

Illinois Agility Test

Change-of-direction ability was evaluated using the
standardized Illinois Agility Test. Participants completed
the established running course beginning from the
prescribed starting position before negotiating the sequence
of directional changes around and between the cones until
crossing the finish line. Performance time was recorded using
an electronic timing system. Two trials were completed under
identical testing conditions, and the shortest completion
time was used for subsequent analyses.

Statistical Analysis

Statistical analyses were performed using IBM SPSS
Statistics (Version 26.0; IBM Corp., Armonk, NY, USA).
Descriptive statistics are presented as mean * standard
deviation.

Before inferential analyses, data distribution was
examined using the Shapiro-Wilk test, whereas homogeneity
of variance was assessed using Levene’s test. Because
measurements were obtained at only two time points
(pre- and post-intervention), assessment of the sphericity
assumption was unnecessary.

Intervention effects were evaluated using a two-way mixed-
design analysis of variance (ANOVA) with one between-subject
factor (group: SAQ vs. control) and one within-subject factor
(time: pre vs. post). The interaction between group and time
represented the principal outcome of interest. When appropriate,
between-group differences following the intervention were
examined using independent-samples t-tests. For variables
violating the assumption of homogeneity of variance, the
Mann-Whitney U test was applied.

Effect sizes were quantified using Hedges™ g, whereas
Cohen’s d was reported where appropriate to facilitate
interpretation of mean differences. Effect sizes were
interpreted according to Hopkins et al. (2009) as trivial
(<0.20), small (0.20-0.59), moderate (0.60-1.19), large
(1.20-1.99), very large (2.00-3.99), and nearly perfect
(24.00). Statistical significance was established at p < 0.05.

Results

Baseline comparisons showed no significant differences
between the SAQ and control groups for anthropometric
characteristics or performance variables before the
intervention (all p > 0.05), indicating comparable baseline
characteristics. Following the six-week intervention,
significant between-group differences were observed for
both sprint and agility performance (p < 0.05) (Table 2).

Table 2. Descriptive statistics

Variables SAQ _ Control Grup p-value
M+ SD M+ SD
Height (cm) 154.7+4.0 153.7+4.1 0.998
Weight (kg) 523+56 51.7+54 0.998
BMI 219+21 21.7+£2.0 0.998
Pre-test Sprint 30m (s) 57+04 58+04 0.727
Post-test Sprint 30m (s) 4.7+0.3 57+0.4 0.000%
Pre-test Illinois agility test (s) 19.1+0.9 192+0.9 0.695
Post-test Illinois agility test (s) 17.9+ 1.1  19.1+0.9 0.000*

Note:*significance p<0.05
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Table 3. Inter-group analysis

Pre-Test Post-test Group Time
Variables Group n Independent-t
M+ SD M+ SD p-value Partial n?
SAQ 24 57+04 4.7+0.3 0.001*
Sprint 30 m (s) 0.001* 0.79
CG 24 5.8+0.4 57+04
SAQ 24 19.1+0.9 179+ 1.1 0.001*
Ilinois Agility (s) 0.000* 0.64
CG 24 192+£09 19.1+£0.9

Note: *significance p<0.05

Sprint Performance

A significant group x time interaction was observed for
the 30-m sprint (p = 0.001, partial n* = 0.79), indicating
that changes in sprint performance differed between the
experimental and control groups (Table 3). Within-group
analysis demonstrated a significant reduction in sprint time
in the SAQ group after the intervention (p = 0.001), whereas
only a small improvement was observed in the control group
(p = 0.049). Post-intervention comparisons confirmed
significantly faster sprint performance in the SAQ group
than in the control group (p = 0.001).

Agility Performance

For the Illinois Agility Test, a significant group x time
interaction was also identified (p = 0.001, partial > = 0.64)
(Table 3). Within-group analysis revealed a significant
reduction in completion time in the SAQ group (p = 0.001),
whereas no statistically significant change was observed in
the control group (p = 0.102). Between-group comparisons
at post-test demonstrated significantly better agility
performance in the SAQ group than in the control group.

Table 4. Group analysis

Percentage of

Variables Group n Prevs improvement Hedges’ g
Post
A%

SAQ 24 0.001* 17.5 2.7
Sprint 30m (s)

CG 24 0.049* 1.7 0.3

SAQ 24 0.001* 6.2 1.2
Mlinois Agility (s)

CG 24 0.102 0.5 0.1

Note: *significance p<0.05

The magnitude of performance improvements was
greater in the SAQ group than in the control group (Table 4).
Sprint time improved by 17.5% in the SAQ group compared
with 1.7% in the control group, corresponding to a very
large effect size (Hedges’ g = 2.7). Similarly, Illinois Agility
Test performance improved by 6.2% in the SAQ group
(Hedges> g = 1.2), whereas only minimal changes were
observed in the control group.

Discussion

The present randomized controlled study investigated
the effects of a six-week Speed, Agility, and Quickness (SAQ)
training programme integrated into regular soccer practice
in young amateur female players. The principal finding was

that participants who completed the SAQ intervention
demonstrated significantly greater improvements in sprint
performance and multidirectional agility than those following
conventional training alone. These findings indicate that
incorporating structured SAQ exercises into routine soccer
practice provides an effective stimulus for enhancing physical
qualities that are directly associated with match performance.
The improvements observed in the experimental group
appear to be primarily related to the specificity of the training
stimulus. The SAQ programme combined acceleration
drills, multidirectional running, resisted sprinting, agility
ladder exercises, hurdle drills, and rapid transition tasks,
requiring repeated execution of explosive movements under
progressively increasing intensity. Such training conditions
are known to improve movement efliciency by enhancing
intermuscular coordination, motor-unit recruitment, and
the rate of force development during high-speed actions.
Since the participants had not previously undertaken a
systematic SAQ programme, the introduction of these
novel neuromuscular stimuli may have accelerated the
early adaptive response, contributing to the substantial
improvements observed after only six weeks of training.
Particular attention should be given to the improvement
in 30-m sprint performance. Although the magnitude of
change exceeded that commonly reported in longitudinal
studies involving trained athletes, several factors may explain
this response. The players had competitive experience but
limited exposure to structured speed-oriented conditioning.
Consequently, exercises such as wall drills, resisted sprinting,
agility ladders, and hurdle coordination drills likely provided
a sufficiently novel overload stimulus to optimise sprint
mechanics and movement efficiency. Nevertheless, because
large improvements over a relatively short intervention
should be interpreted cautiously, future investigations using
larger samples and fully automated electronic timing systems
are required to confirm the reproducibility of these findings.
The present results are generally consistent with
previous studies reporting positive effects of SAQ training
on sprint performance and change-of-direction ability
in soccer players (Jovanovic et al., 2011; Milanovi¢ et al,,
2013; Anwer et al,, 2021). However, the current study
extends existing evidence by focusing specifically on
adolescent female soccer players, a population that remains
underrepresented in the literature. Given documented sex-
related differences in neuromuscular characteristics and
movement biomechanics, training recommendations should
increasingly rely on evidence obtained from female athletes
rather than extrapolating findings from male cohorts.
From a physiological perspective, the observed
adaptations are consistent with the neuromuscular responses
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expected following explosive movement training. Repeated
accelerations, decelerations, cutting manoeuvres, and
rapid changes of direction stimulate the stretch-shortening
cycle, increase motor-unit synchronization, improve
intermuscular coordination, and enhance the rate of force
development. These adaptations reduce ground-contact
time during sprinting while improving force transmission
during rapid directional changes, thereby contributing to
faster linear running and more efficient multidirectional
movement. Previous research has similarly highlighted the
importance of these mechanisms for improving high-speed
athletic performance (Baechle & Earle, 2008; Radnor et al.,
2018; Sun et al., 2025).

Beyond statistical significance, the present findings also
have practical relevance. In soccer, successful performance
frequently depends on the ability to repeatedly accelerate,
decelerate, and rapidly reposition in response to continuously
changing tactical situations. Improvements in linear sprint
capacity may increase the ability to reach loose balls, create
offensive space, and recover defensively, whereas enhanced
multidirectional agility facilitates more efficient execution of
technical and tactical actions performed under time pressure.
Consequently, simultaneous improvements in sprinting and
agility may provide a meaningful competitive advantage during
repeated high-intensity phases of match play.

An important feature of the intervention is its
high degree of movement specificity. Unlike traditional
conditioning programmes that often develop endurance and
strength separately, the SAQ approach integrates sprinting,
directional changes, coordination, balance, and reactive
movement patterns within a single training session. Such an
integrated stimulus closely reflects the movement demands
of competitive soccer and may therefore promote greater
transfer of training adaptations to on-field performance.
These observations support previous recommendations
advocating a greater emphasis on multidirectional speed
development within long-term soccer training programmes.

Several limitations should be acknowledged. First, the
sample consisted exclusively of young amateur female soccer
players from a single competitive level, which limits the
generalizability of the findings to other age groups and playing
standards. Second, potentially influential factors such as
menstrual cycle phase, previous injury history, and biological
maturation were not incorporated into the experimental
design. Third, although the study demonstrated significant
improvements in performance variables associated with
athletic development, it did not evaluate injury incidence or
biomechanical risk factors during competition. Future studies
should therefore include larger multicentre samples, longer
intervention periods, biomechanical analyses, and prospective
injury surveillance to further clarify both the mechanisms and
long-term practical significance of SAQ training.

In conclusion, the findings demonstrate that integrating
a structured six-week SAQ programme into regular soccer
training represents an effective strategy for improving sprint
performance and multidirectional agility in adolescent
female players. Because the programme requires relatively
simple equipment and can be readily incorporated into
routine practice, it provides coaches and strength and
conditioning specialists with a practical, evidence-based
approach for enhancing movement quality during high-
intensity match situations.

Conclusions
A six-week Speed, Agility, and Quickness (SAQ)

training programme integrated into regular soccer practice
produced meaningful improvements in sprint performance
and multidirectional agility in adolescent female soccer
players. The findings indicate that SAQ training provides
a more effective stimulus for developing high-intensity
movement capabilities than conventional conditioning
alone. Given its practical feasibility and minimal equipment
requirements, SAQ training may be recommended as an
effective component of physical preparation programmes
for youth female soccer players. Future studies should verify
these findings in larger cohorts and examine whether the
observed performance gains are maintained over longer
training periods and translate into improved competitive
performance and reduced injury risk.
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Merta. BusHaunTy, 411 IOKpallye IeCTUTIKHEBA IIPOrpaMa TPeHYBaHH:A IUBUAKOCTI, CIPUTHOCTI Ta INBUAKOCTI pearyBaHH:A
(SAQ) moxa3sHMKY JTiHITHOTO CIIPMHTY Ta 3AaTHOCTI 10 3MiHV HaNPAMKY PyXy B HiBYaT-TiITiTKiB, AKi 3a/iMaioThCA (byT6on0M.

Marepianu Ta MeTomu. Y paH/IOMi30BaHOMY KOHTPO/IbOBAaHOMY OCTI/I)K€HHI B3sMM y4acTb 48 miBuaT-MiIIiTKiB, AKi 3a-
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Ta KOHTPO/IbHY rpyny (n = 24). O6upsi rpynu TpeHyBanucs TpUYi Ha TIDKJEHb IPOTATOM IecTu TYOKHIB. JliHiitHy mBUAKicTh
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Abstract

Objectives. The main objective of the study is to promote the development of fundamental motor skills and social
inclusion in primary school through the implementation of an inclusive educational intervention based on motor and

sports activities.

Materials and Methods. The study employed a quasi-experimental design with an experimental group and a control
group. A total of 80 fifth-grade primary school students participated in the study (40 in the experimental group and 40 in
the control group), including 10 students with Special Educational Needs (SEN), with a mean age of 10.4 + 0.5 years. The
experimental group participated in a structured motor activity intervention. Fundamental motor skills were assessed using
the TGMD-3, perceived inclusion was measured using the PIQ, and behaviours during activities were recorded through
systematic observation. Assessments were conducted at pre-test (T0), post-test (T1), and follow-up (T2).

Results. The results showed significantly greater improvements in the experimental group than in the control
group in fundamental motor skills, perceived inclusion, active participation, cooperation, and peer interactions.
Observational data also confirmed higher-quality relational dynamics in the group that received the intervention.
Conclusions. In light of the findings, the structured motor intervention may produce positive effects on both the
development of motor competencies and inclusive processes in primary school, simultaneously promoting motor
learning, social participation, and educational inclusion, including among students with SEN.

Keywords: inclusion, fundamental movement skills, cooperative learning, special educational needs (SEN).

Introduction

In the context of primary school, motor activity represents a
privileged tool for the development of fundamental motor skills
and for the promotion of social and relational competences;
indeed, basic motor skills such as running, jumping, throwing,
and catching constitute the prerequisite for active participation
in games and sports activities throughout life (Sasayama
et al,, 2025). In this regard, beyond motor development, a
central aspect of motor activity is represented by the inclusive
dimension; school-based motor activity in fact does not
represent only a context of physical learning, but also and above
all a social environment capable of creating peer relationships, a
sense of belonging, and participation.

In this context, students with Special Educational
Needs (SEN) are at greater risk of exclusion and reduced
participation in physical education, highlighting the need

© Saraiello, E., Latino, E, Amato, G., & Tafuri, M. G., 2026.
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for inclusive, flexible, and adapted teaching approaches that
enable meaningful engagement for all learners (Haegele
& Sutherland, 2015; Gazali et al., 2025; Jariono et al.,
2025). Inclusive physical education provides a pedagogical
framework that promotes equitable access to learning
opportunities regardless of students’ physical, cognitive,
sensory, or socio-cultural characteristics and encourages
active participation through appropriately designed learning
environments (Lieberman et al., 2020; Jariono et al., 2025).
Within this framework, motor activities can simultaneously
foster the development of fundamental motor competence
and promote social participation, cooperation, and a sense
of belonging, transforming physical education into an
inclusive learning environment that supports both individual
development and collective well-being (Boke et al., 2025;
Haegele & Sutherland, 2015).

Within this perspective, inclusive physical education
should be understood as a reciprocal process in which all
students actively contribute to the creation of an inclusive
learning environment, rather than as an approach focused solely
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on adapting activities for students with Special Educational
Needs (SEN) (Haegele & Sutherland, 2015). Accordingly, the
present intervention was designed by integrating Cooperative
Learning strategies and the principles of Universal Design for
Learning (UDL), both of which have been recognised as effective
pedagogical approaches for promoting meaningful participation,
peer interaction, and equitable access to learning in physical
education (Lieberman et al., 2020; Boke et al., 2025). Within
the UDL framework, instructional adaptations are incorporated
into lesson design from the outset, reducing the stigma
associated with differentiated activities and creating learning
environments in which all students can participate according to
their individual abilities (Lieberman et al., 2020). Consistent with
this perspective, recent evidence indicates that inclusive sport-
based educational programmes can enhance students’ sense of
belonging, relational well-being, and active participation within
the school community (Gravino et al., 2026).

Based on these pedagogical principles, the present
intervention was designed using a flexible and cooperative
approach in which task adaptation, simplified rules, and
differentiated participation opportunities were integrated to
create an inclusive learning environment where every student
could actively contribute according to individual abilities
(Lieberman et al., 2020; Boke et al., 2025; Gazali et al., 2025).
Bocce was selected as the core activity because its simple rules,
low physical demands, and high adaptability make it particularly
suitable for inclusive physical education, allowing students with
differentlevels of motor competence to participate meaningfully
while promoting both motor learning and positive peer
interaction (Gravino et al., 2026). Moreover, the game requires
movement control, precision, eye-hand coordination, and
motor planning, while remaining easily adaptable to different
ability levels, making it an appropriate educational tool for
heterogeneous school groups. Recent evidence also suggests
that structured motor interventions combining cognitive
engagement with adaptable motor tasks can enhance executive
functions and facilitate active participation among students
with diverse learning needs (Latino et al., 2025a).

Despite the growing interest in inclusive physical
education, the available literature still indicates a limited
number of experimental studies that simultaneously examine
the effects of adapted traditional games, such as bocce, on
both fundamental motor competence and socio-relational
outcomes in authentic school settings involving students with
Special Educational Needs (SEN) (Gazali et al., 2025; Jariono
et al,, 2025; Gravino et al., 2026). Therefore, the present study
aimed to evaluate the effectiveness of a structured inclusive
bocce programme in improving fundamental motor skills
and perceived social inclusion among primary school pupils,
including students with SEN. Specifically, the study examined
changes in fundamental motor skills assessed using the Test of
Gross Motor Development-3 (TGMD-3), perceived inclusion
measured using the Perceptions of Inclusion Questionnaire
(PIQ), and behavioural indicators of participation, cooperation,
and peer interaction obtained through structured systematic
observation by comparing the experimental and control groups.

Materials and Methods
Study Design

The didactic-motor intervention was structured in a
regular primary school setting and aimed to promote the
development of fundamental motor skills and foster inclusive

peer dynamics. Specifically, the study adopts a longitudinal
quasi-experimental design with a non-equivalent control
group and included three assessment time points: pre-
test (T0), post-test (T1), and follow-up (T2) conducted
three months after the intervention in order to obtain a
comprehensive evaluation both of the immediate effects
and of the temporal stability of the proposed intervention.
In addition, in order to strengthen methodological validity
and to achieve a deeper understanding of the impact of the
intervention, the study was structured using a mixed-method
approach, combining standardized quantitative measures
with qualitative indicators of inclusive behaviour through
structured systematic observation, conducted by two
independent observers, in order to also detect behavioural
and socio-relational dimensions during the activities.

Participants

The study sample consisted of 80 fifth-grade primary school
students and was divided into two groups: an experimental
group (n = 40) undergoing a structured program of motor
activities based on inclusive bocce; and a control group (n = 40)
who carried out the usual, non-structured and non-adapted
curricular motor activities. The mean age of the sample was
10.4 + 0.4 years, consistent with the relevant school level; the
sample was also composed of 42 males (52.5%) and 38 females
(47.5%), and 10 students with Special Educational Needs (SEN)
were present, equally distributed between the two groups.
All participating students were regularly enrolled in primary
school and regularly took part in the motor activities provided
by the school curriculum, while students with clinical or motor
conditions that could prevent safe participation in the proposed
activities were excluded from the study. Prior to the start of the
study, informed consent was obtained from parents or legal
guardians, and all procedures were conducted in accordance
with the ethical principles of educational research.

Procedure

The total duration of the intervention was 16 weeks,
articulated into 2 weekly sessions lasting 60 minutes each,
for a total of 32 motor sessions and 32 total hours of activity,
which were carried out in a school setting during physical
education lessons, in a natural and inclusive environment. Each
session was organized according to a standardized structure
for the experimental group, while in parallel the control group
participated in the usual curricular motor activities provided
by the school program, without exposure to the structured
protocol based on inclusive bocce. The study protocol was
designed according to principles of inclusive and adapted
teaching, including adjustments such as reducing throwing
distances, varying materials (weight and size of the bocce
balls), visual and demonstrative supports, and peer tutoring
strategies to promote full participation of students, including
those with Special Educational Needs (SEN), while preserving
the educational value of the motor task.

Measures

Measurements were conducted at three time points: pre-
intervention (T0), post-intervention (T1), and follow-up (T2)
three months after the intervention. The study included intra-
group (paired-samples t-tests) and inter-group (independent-
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samples t-tests) comparisons in order to evaluate the impact of
the inclusive bocce program on motor and inclusive outcomes
and adopted a multi-method approach, integrating quantitative
and qualitative tools in order to obtain a comprehensive
assessment of the effects and in addition to statistical
significance, Cohen’s d effect sizes were computed to assess the
practical relevance of the observed differences.

Among the instruments, the Test of Gross Motor
Development-3 (TGMD-3) was used in order to assess
fundamental motor skills at the three time points: TO,
T1, and T2. The test allows a standardized evaluation of
movement quality through specific observational criteria
organized into two main domains:

o Locomotor skills: running, galloping, hopping,
standing long jump, and side sliding, which reflect
the ability to move the body through space;

o Object control skills: overhand throw, catch, kick,
dribble, and strike with an implement, which
measure hand-eye coordination and control of
moving objects.

Another instrument used was the Perceptions of
Inclusion Questionnaire (PIQ), administered at the three
time points TO0, T1, and T2 in a simplified Likert format
ranging from 1 to 5, with higher scores indicating greater
perceived inclusion, suitable for the participants’ age.
This is a standardized questionnaire that explores specific
dimensions such as (i) sense of belonging to the class group,
(ii) participation in activities, (iii) peer relationships, and
(iv) perceived social acceptance.

Finally, throughout the duration of the intervention,
a structured systematic observation was conducted by two
independent observers. The observed variables were (i) active
participation; (ii) peer interaction; (iii) cooperation; (iv) rule
compliance. For each variable, a structured observational grid
with a predefined rating scale was used, and inter-observer
reliability was calculated using Cohen’s Kappa, with values ranging
between 0.82 and 0.91, indicating a high level of agreement.

Intervention

The intervention was designed according to a progressive
model of inclusive motor education, structured into four phases
aimed at the gradual development of fundamental motor
skills and socio-relational competences in order to promote
inclusion. Approximately one week before the start of the
16-week program, participants were invited to a dedicated
introductory meeting during which the project, its objectives,
and the procedures of the activities were presented. Prior to the
start of the inclusive protocol, both groups were administered
the TGMD-3 and PIQ pre-tests; administration was conducted
according to standardized and identical procedures for both
groups in order to ensure the internal validity of the research
design and the comparability of the results. In addition,
throughout the entire duration of the educational intervention,
systematic observation of the activities was carried out in order
to ensure control of the implementation of the experimental
didactic protocol and to monitor its quality.

Phase 1: Familiarisation and motor literacy (Weeks 1-4)

The first phase was dedicated to the introduction of the
game of bocce and to the development of basic motor skills

in order to promote familiarisation with materials and rules
of the game, and in this phase the focus was mainly placed
on inclusion through targeted didactic adaptations aimed at
ensuring the participation of all pupils.

Specifically, adaptations of the task, materials, and
teaching context were implemented, such as reducing throwing
distance, progressively simplifying rules, using high-visibility
and facilitating materials, as well as methodological strategies
based on motor demonstration, simplified instructions, and
peer support. A particular strategy used was visual cueing,
which consists of the use of structured visual stimuli to guide
the execution of the motor gesture, in order to facilitate
task comprehension and reduce cognitive load. The present
intervention included the use of this strategy through the
teacher’s motor demonstrations, modeling, directional visual
signals, and spatial indications, which supported students in the
correct execution of the throw.

Specifically, the intervention involved, through
the game of bocce, the development of basic hand-eye
coordination, the acquisition of correct throwing postures,
and the promotion of active participation and engagement
of all pupils, through specific activities characterized by free
short-distance throws, simplified individual games, and
guided exercises with teacher demonstration; in this regard,
the practical demonstration of the gesture allowed pupils to
observe the correct motor sequence and guided repetition
facilitated the progressive acquisition of the motor pattern.

Phase 2: Consolidation of motor skills (Weeks 5-8)

The focus of the second phase was the consolidation of
fundamental motor skills; in particular, the activities were
structured in order to promote improvement in throwing
accuracy, force control, and direction. Motor pathways
aimed at developing these competences were proposed, and
participants worked in rotating heterogeneous pairs, with
particular attention to the distribution of students with SEN, in
order to observe and promote cooperative interactions, natural
peer tutoring, and processes of active inclusion. Specifically, the
activities included throws at progressive distances, exercises
with targets of different sizes, pair games, and initial forms of
structured non-competitive competition. In this phase, peer
tutoring was used as a structured inclusive strategy, promoting
peer support, including for students with SEN.

Phase 3: Cooperation and structured play (Weeks 9-12)

The third phase was oriented toward the development
of cooperative dynamics and the organisation of group play
in order to promote peer cooperation, the development
of team-game strategies, and increasingly autonomous
rule management. Specifically, the activities in this phase
included mixed-team games with immediate feedback, game
situations with common goals, and rotation of assigned
roles such as captain, coordinator, motor gesture observer,
and feedback facilitator, which were structured to ensure
the active participation of all students, regardless of ability
level. The intervention included inclusive adaptations based
on task differentiation, simplification of instructions, and
enhancement of individual strengths, promoting cooperative
dynamics and equitable access to motor and relational
success. This approach therefore allowed the promotion of
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peer scaffolding processes and observational learning, and
in this phase a significant increase in active participation and
social interactions was observed.

Phase 4: Generalisation and advanced
inclusive play (Weeks 13-16)

In this final phase, the highest level of inclusion,
cooperation, and active participation was observed. The activity
was dedicated to the generalisation of acquired competences
and the strengthening of inclusive dynamics in order to promote
the consolidation of motor skills, autonomy in regulated play,
always ensuring full participation of all students, including
those with SEN. Specifically, the activities included structured
bocce matches with full rules, student-led free play, autonomous
team management, and cooperative learning situations without
continuous direct teacher intervention, in order to foster
collaboration among participants and individual autonomy.
The program was therefore developed according to a didactic
progression of increasing difficulty, moving from simplified
individual activities to structured and cooperative game
situations, with inclusive adaptations systematically integrated to
ensure theactive participation of all students, including those with
Special Educational Needs (SEN). At the end of the intervention,
both groups (experimental and control) were administered the
TGMD-3 and PIQ post-tests using standardized procedures
identical to those used in the initial assessment phase.

Results

Test of Gross Motor Development-3 (TGMD-3)

In the total TGMD-3 scores, no significant differences
were found between the experimental group and the control
group at baseline (T0) (p > 0.05); this finding suggests a
substantial initial homogeneity of the sample (d = 0.08).

The experimental group, involved in the inclusive bocce
program, showed a progressive improvement in scores
from pre-test to follow-up (Table 1), and the analysis of the
overall change revealed an average increase of approximately
13.8 points in the experimental group, compared to an
increase of 4.1 points in the control group.

Table 1. Mean TGMD-3 scores (Mean + SD)

Grou TO T1 T2
P (Pre-test)  (Post-test) (Follow-up)
Experimental group 52.40 £6.10 63.85+6.45 66.20  6.30
Control group 51.90 £6.25 55.10+6.40 56.05*6.55

The paired t-test analysis showed a significant increase
between T0 and T1 (t = —-8.34; p < 0.001; d = 1.82) and
between TO and T2 (t = —=9.12; p < 0.001; d = 2.23) in the
experimental group, while in the control group a more
limited improvement was observed (t = —2.11; p = 0.041;
d =0.65).

Regarding the analysis of the TGMD-3 subdimensions,
in the experimental group more evident improvements
were recorded in object control skills, with an increase of
24.5%, compared to an improvement of 18.2% observed
in locomotor skills. In the control group, instead, the
improvements were more limited, with increases of 7.8%

in object control skills and 6.1% in locomotor skills. Finally,
at post-intervention (T1), the between-group comparison
using independent-samples t-test also showed significant
differences in favour of the experimental group (t = 6.17;
p < 0.001; d = 1.36), differences which were also confirmed
at follow-up (t = 7.03; p < 0.001; d = 1.58).

Perceptions of Inclusion Questionnaire (PIQ)

Regarding perceived inclusion, PIQ scores at baseline
(T0) showed comparability between the two groups, as no
significant differences were observed (p > 0.05).

The PIQ results showed a progressive increase in the
experimental group across the three assessment points
compared to the control group (Table 2).

Table 2. Mean PIQ scores (Mean + SD)

Grou T0 T1 T2
P (Pre-test)  (Post-test) (Follow-up)
Experimental group  3.10+0.60 4.20+0.50 4.40 £ 0.50
Control group 3.00£0.50 3.20+0.60 3.40 +0.60

Therefore, the paired t-test analysis showed significant
differences in the experimental group between T0 and T1
(t =-7.02; p < 0.001; d = 1.99) and between TO and T2
(t=-8.17; p < 0.001; d = 2.36), while in the control group
the changes did not reach statistical significance (p > 0.05)
with only a small-to-moderate improvement observed over
time (T0-T2: d = 0.72). In addition, the between-group
comparison using independent-samples t-test revealed
significant differences in favour of the experimental group
both at post-intervention (T1) (t=7.88; p <0.001; d = 1.81)
and at follow-up (T2) (t = 8.26; p < 0.001; d = 1.81).
Furthermore, the analysis of the individual dimensions of
the questionnaire showed the most consistent improvements
in participation in activities and sense of belonging to the
group, followed by peer relationships and perceived social
acceptance.

Structured systematic observation

Throughout the entire intervention period, systematic
observation was conducted by two independent observers;
inter-observer reliability showed Cohen’s Kappa values
ranging from 0.82 to 0.91, indicating a high level of
agreement between raters. In the experimental group, a
progressive increase was observed in active participation,
peer interaction, cooperation, and rule compliance over the
sessions; these changes were more evident in the second half
of the intervention, while in the control group the observed
variations were minimal and less systematic.

Discussion

The present study analysed the effects of a 16-week
inclusive bocce programme on the development of
fundamental motor skills and perceived inclusion among
fifth-grade primary school students, including students with
Special Educational Needs (SEN). The findings demonstrated
significant improvements in the experimental group across
both motor competence (TGMD-3) and socio-relational
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outcomes (PIQ), which were further supported by systematic
behavioural observations. The concurrent enhancement of
motor competence and perceived inclusion suggests that
the inclusive bocce intervention influenced not only motor
performance but also the broader social and relational
dimensions of participation, confirming that appropriately
designed inclusive physical education programmes can
simultaneously promote motor development and meaningful
social engagement (Lieberman et al., 2020; Boke et al., 2025).
These improvements were accompanied by moderate to large
effect sizes, indicating that the observed changes were not only
statistically significant but also educationally meaningful. The
parallel increase in TGMD-3 and PIQ scores further suggests
a close relationship between the development of fundamental
motor competence and active social participation. This
interpretation is consistent with previous evidence indicating
that greater motor competence enhances children’s confidence,
participation in group activities, and opportunities for positive
peer interaction (Ulrich, 2013; Salaj & Masnjak, 2022; Idareci &
Yarimkaya, 2025). Likewise, students who perceive themselves
as more competent in motor tasks are generally more willing to
engage in collaborative activities, strengthening interpersonal
relationships and fostering a stronger sense of belonging within
the group, particularly in inclusive educational settings (Haegele
& Sutherland, 2015; Lieberman et al., 2020). Consequently, the
present findings suggest that the inclusive bocce programme
effectively supported both motor learning and social inclusion,
creating learning conditions that actively engaged students
with SEN alongside their typically developing peers, consistent
with current recommendations for inclusive physical education
practice (Jariono et al., 2025; Gazali et al., 2025). Regarding
the observed improvements in fundamental motor skills, these
findings may be explained by the progressive structure of the
intervention. The familiarisation phase likely reduced fear of
making mistakes, increased task engagement, and facilitated the
gradual acquisition of movement skills through an adapted and
supportive learning environment, which has been recognised
as a key component of successful inclusive motor learning
programmes (Lieberman et al., 2020; Jariono et al., 2025).

Therefore, during the initial phase of the programme,
exposure to simple, progressively structured, and highly
accessible motor tasks likely facilitated the development of
basic coordinative prerequisites, particularly locomotor skills
and fundamental object-control movements, before advancing
to more complex motor tasks (Lieberman et al., 2020; Jariono
etal., 2025). Such a progressive instructional approach has been
recognised as an effective strategy for stabilising fundamental
movement patterns and promoting the transfer of motor skills
across different task contexts (Ulrich, 2013). This interpretation
is consistent with the present findings, as object-control skills
showed the greatest improvement, likely because bocce requires
repeated execution of precise throwing actions involving eye-
hand coordination, movement accuracy, and force regulation,
all of which represent core components assessed by the TGMD-
3 (Ulrich, 2013).

Regarding the PIQ results, the significant increase in
perceived inclusion observed in the experimental group suggests
that the intervention positively influenced students’ social
participationandsenseofbelongingwithinthephysicaleducation
environment. This finding is consistent with previous research
demonstrating that structured, cooperative, and adaptable

learning environments promote meaningful participation of all
students, regardless of their abilities, while reducing barriers to
inclusion (Holland et al., 2023; Lieberman et al., 2020; Haegele
& Sutherland, 2015). The cooperative nature of bocce activities,
which encourages shared goal achievement, peer interaction,
and mutual support, may have further contributed to these
positive social outcomes, in agreement with recent evidence
highlighting the educational value of collaborative learning
strategies in inclusive physical education (Boke et al., 2025).
Furthermore, the cognitive activation associated with regular
motor practice may have indirectly supported students with
Special Educational Needs by improving attention, behavioural
self-regulation, and engagement in learning activities (Latino et
al.,2025b). These mechanisms are consistent with contemporary
adaptive physical education approaches, which emphasise that
appropriately modified motor tasks and inclusive instructional
strategies facilitate both educational participation and successful
social integration of students with SEN (Jariono et al., 2025;
Gazali et al., 2025).

The selection of bocce as the intervention activity was based
on its non-invasive, flexible, and easily adaptable characteristics,
which make it particularly suitable for inclusive physical
education settings. These features likely reduced barriers
to participation by enabling students with different levels of
motor competence to contribute meaningfully to shared game
situations, thereby strengthening their sense of belonging and
promoting positive peer interactions (Lieberman et al., 2020;
Haegele & Sutherland, 2015; Gazali et al., 2025). Furthermore,
the incorporation of team-based activities and cooperative
learning tasks created opportunities for peer support, shared
responsibility, and reciprocal learning, which are recognised as
essential components of effective inclusive pedagogical practice
(Boke et al., 2025). Such cooperative experiences may have
contributed not only to the development of fundamental motor
skills but also to broader educational outcomes, including
communication, behavioural self-regulation, respect for rules,
and social responsibility, which are considered key objectives
of contemporary adaptive physical education programmes for
students with Special Educational Needs (Jariono et al., 2025;
Idareci & Yarimkaya, 2025).

These findings may also be interpreted through the
perspective of Banduras (1977) Social Learning Theory,
which proposes that motor and social behaviours are
acquired through observation, imitation, modelling, and
social reinforcement. Within the inclusive bocce programme,
students were provided with frequent opportunities to
observe peers, imitate successful movement strategies, receive
immediate feedback, and learn collaboratively in authentic
game situations. Such learning conditions are consistent with
contemporary evidence indicating that peer modelling and
cooperative interaction enhance both motor learning and
social participation in inclusive physical education settings
(Lieberman et al., 2020; Boke et al., 2025). Furthermore, the
systematic observational data support this interpretation,
demonstrating greater cooperation and active participation
in the experimental group than in the control group. Pair- and
small-group activities likely facilitated reciprocal modelling,
shared problem-solving, and mutual encouragement, thereby
contributing not only to the acquisition of motor skills but also
to the development of cooperative behaviours, communication
skills, and positive peer relationships (Haegele & Sutherland,
2015; Boke et al., 2025).
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The final generalisation phase enabled students to apply the
motor and social competences acquired during the programme
more autonomously in increasingly complex and less
structured game situations. From an educational perspective,
this phase is particularly important because it promotes the
consolidation of learned motor patterns and facilitates the
transfer of acquired skills to novel and authentic movement
contexts (Ulrich, 2013). Gradually reducing instructional
support while increasing students’ autonomy is consistent
with contemporary inclusive pedagogical approaches, which
emphasise independent participation and the functional
application of acquired competences across different learning
environments (Lieberman et al., 2020; Jariono et al., 2025).

During the final generalisation phase, the highest level
of perceived inclusion (PIQ) was observed, suggesting that
increasing autonomy and active participation strengthened
students’ sense of belonging within the group. This finding
further supports the view that inclusive physical education
programmes should progressively empower students to
participate independently while maintaining meaningful
peer interaction (Haegele & Sutherland, 2015; Lieberman et
al.,2020). Particularly noteworthy was the active involvement
of students with Special Educational Needs, whose successful
participation was facilitated by the methodological
adaptations incorporated throughout the programme. These
findings are consistent with current evidence indicating
that appropriately adapted learning environments enable
students with SEN to participate successfully alongside their
peers while enhancing both educational and social outcomes
(Jariono et al., 2025; Gazali et al., 2025).

Limitations

Despite these encouraging findings, several limitations
should be acknowledged. First, the quasi-experimental
design and the absence of full randomisation limit the
strength of causal inferences. Second, although the statistical
analyses adequately addressed the study objectives, the use
of a unified longitudinal analytical approach, such as linear
mixed models or mixed ANOVA, would have provided a
more comprehensive evaluation of changes over time while
accounting for within-subject variability. Future studies
employing randomised controlled designs, larger samples,
and advanced longitudinal statistical models are warranted
to confirm and extend the present findings.

Conclusion

The inclusive bocce program proved effective in
improving both fundamental motor skills and perceived
inclusion in primary school students. The progressive
structure of the intervention and the integration of
cooperative and inclusive strategies appear to represent key
elements for the success of the program, even in the presence
of students with SEN. Therefore, the results of the present
study support the effectiveness of bocce as an inclusive
educational tool within primary school. From a pedagogical
perspective, the study highlights how simple yet structured
motor activities can represent a privileged context for
promoting the development of fundamental motor skills,
active participation, and cooperation among students with
different ability levels.
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di3snyHa Ta cNOpTUBHA AiANbHICTb AK 3aci6 iIHKNIO3IT:
BUBYEHHA PisionoriyHnx i ncmxocouianbHUX nepesar
EmMma Capaenno'*®P, @panyuecka JIatino*®<P, [xynis Amaro'®“?, Mapis [I>xoBanna Tagypi*A5¢

' YuiBepcurer Heanons «I[Taprenorne»
? VuiBepcurer CaieHTO
* VuiBepcurer Ileraco

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

Pedepar. Crartsi: 7 ., 2 TabL., 13 mKeper.

Mera. OCHOBHOIO METOIO JOCTIIDKEHHSA OY/I0 CIIPUATI PO3BUTKY 6a30BMX PYyXOBUX HABMYOK i COLiaIbHOI iHK/IIO3il B IOYaTKOBIi
HIKOIi IIJIAXOM YIIPOBa/I>KEHH iHK/II03MBHOT'O TI€/JaTrOTiYHOr0 BTPY4aHHs, 3aCHOBAHOIO Ha PYXOBill Ta CHIOPTUBHIl 1i/IbHOCTI.

Marepiamu Ta MeTomu. JJOCTiKEHH BUKOHAHO 3a KBa3ieKCIIEPUMEHTA/IbHUM [IM3aiiHOM i3 eKCIIEPMMEHTA/IbHOK Ta KOHTPOJIb-
HOIO IpyTaMu. Y JOC/iKeHHi B3/ y4acTb 80 y4HIB ITATUX K/IaciB MOYaTKOBOI IIKO/MY (40 B eKCIIepiMeHTaIbHil Ta 40 y KOHTPOJIbHIif
rpymi), ceper skux 6yi1o 10 yanis 3 ocobmsymu ocsitHiMu otpebamu (OOIT); cepenHiit BiK yyacHNKiB cranoByB 10,4 + 0,5 poky. YuHi
eKCIIepUMEHTA/IbHOI IPYIIN Opajy y4acTh Y CTPYKTYPOBaHOMY IIelarOriyHOMY BTPy4YaHHi, 3aCHOBaHOMY Ha PyXoBiit Ais/ibHOCTI. ba3osi
PYXOBi HABMYKM OL[iHIOBa/IM 3 JorIoMoroxo Tecty TGMD-3, piBeHb clIpUitHATTA iHK/TI03i1 BUsHaYa/mm 3a onutysanbHuKoM PIQ, a mose-
JiHKY y4HIB IIiJ] 9aC 3aHATb PEECTPYBA/IM IJLAXOM CUCTEMATUYHOrO CIIOCTepexXeHHs. OLiHIOBaHHSA IIPOBOAVIN IO HOYATKY BTPyYaHHs
(T0), micra 1toro 3aBepiuenss (T1) Ta mif yac BigmanmeHOro KOHTPOIbHOTO 0b6cTexxenHs (T2).

PesynbraTy. Pesynbratu 3acBigumin cTaTMCTUYHO 3Hauylle Oi/blli NOKpallleHHA B eKCIIepMMeHTa/IbHill IPpyIli IIOpiBHAHO
3 KOHTPOJIBHOIO 33 OKAa3HUKaMJ 6a30BMUX PYXOBMX HABUYOK, CIIPUITHATTS iHK/I0311, aKTMBHOI y4acTi, CiBIpali Ta B3aeMOfii 3
opHOMITKaM. [laHi CMCTEeMAaTIYHOTO CIIOCTEPEXXEHHS TAKOX IiTBEPAVIN BULLY SIKICTh MDKOCOOMCTICHOI B3a€MOAII B IpyIi, siKa
6pana Y4acTb y I€JaroriyHoMy BTPy4aHHi.

Bucnosku. OTpuMaHi pesynbTaTi CBifyaTh, [0 CTPYKTYPOBaHe IeJJaroriyHe BTPYYaHHs, 3aCHOBaHe Ha PyXOBill IiA/TbHOCTI, MOXKe
MO3UTMBHO BIUIMBATH K HA POSBUTOK PYXOBMX KOMIIETEHTHOCTEL, TaK i Ha iHK/IIO3VMBHI IIPOLIECH B ITOYATKOBii KO/, OJTHOYACHO
CHPUAIOYM HABYAHHIO PYXOBUX J1iif, COLa/IbHil yuacTi Ta OCBiTHI iHK/I03i1, 30KpeMa Y4YHIB 3 0COOIMBUMY OCBITHIMY ITOTpeOaMu.

KirouoBi croBa: iHK/TI031s1, 6a30B1 pyX0Bi HABMYKM, KOOIIepaTMBHe HaBYaHHI, 0co6/uBi ocBiTHi noTpe6u (OOII).
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