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Abstract

Background. Contemporary academic writing practice is increasingly determined by standardized requirements
for publication structure and typologies of review studies. At the same time, formal compliance with these standards
does not guarantee the methodological coherence of a scientific text, as the logic of knowledge formation often

remains unarticulated.

Purpose. To propose a critical path model of knowledge synthesis, within which the preparation of a scientific text is
considered as a sequential cognitive process governed by an invariant logic of epistemological operations.

Materials and Methods. The study was conducted in the format of a conceptual narrative review involving
methodological works on evidence synthesis, typologies of review studies, and academic writing. The analysis

was aimed at reconstructing functional cognitive operations, establishing causal relationships between them, and

formalizing their sequence in the form of a critical path.

Results. Five invariant cognitive nodes were identified: orientation, conceptualization, verification, evidence
synthesis, and interpretation. It was shown that these nodes form a critical path that determines the methodological
coherence of a scientific text regardless of the publication genre. It was established that different types of reviews
correspond to individual segments of this path but do not determine its logic. Typical violations of the critical path
were identified, including meta-analysis without conceptualization, narrative generalizations without verification, and
systematic reviews without orientation in the scientific field, which lead to predictable methodological deformations.
Discussion. The obtained results indicate that methodological problems of contemporary scientific texts have a
structural character and are associated with the substitution of the logic of cognition by genre-based and formal
requirements. The proposed model makes it possible to interpret these violations as consequences of disruptions in

causal relationships between cognitive operations.

Conclusions. The methodological correctness of a scientific text is determined not by its formal type, but by the
consistency of the preparation trajectory with the critical path of knowledge synthesis. The proposed model provides
a basis for improving the quality of academic writing, peer review, and editorial evaluation.

Keywords: critical path model, knowledge synthesis, evidence synthesis, academic writing, methodological framework,

systematic review, physical education, sport science.

Introduction

In contemporary academic practice, the preparation of
scientific texts is increasingly carried out under conditions of
a high level of formalization of requirements for publication
structure, reporting, and types of research, which is
particularly evident in the standardization of review studies
and evidence synthesis procedures (Grant & Booth, 2009;
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Page et al., 2021). However, such standardization does not
eliminate, but often masks, problems of logical coherence
in the process of knowledge formation. At the same time,
the growth of formal standards is not always accompanied
by a corresponding clarity regarding the logic of scientific
knowledge formation, which precedes the choice of genre or
type of article. As a result, scientific texts may comply with
formal criteria while remaining conceptually unstable or
methodologically ambiguous.

One manifestation of this situation is the emergence
of hybrid texts that combine elements of narrative review,
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systematic review, and meta-analysis without a clear
distinction of their functional roles within the overall
cognitive process, which had previously been conceptually
differentiated in typologies of review studies (Grant &
Booth, 2009). In such cases, genre forms de facto substitute
the logic of sequential knowledge synthesis, leading to
structurally unstable or methodologically inconsistent texts.
This complicates both the interpretation of results and their
evaluation in the peer-review process.

In contemporary philosophy of science and approaches
to evidence synthesis, there is an increasingly clear
understanding of scientific knowledge as the result of a
stepwise cognitive process, within which different forms
of synthesis perform specific functions—from orientation
within the scientific field to verification and synthesis
of evidence (Arksey & O’Malley, 2005; Levac et al., 2010;
Higgins et al., 2019). In this context, bibliometric analysis
serves as a formalized tool for mapping the structure of
scientific knowledge, identifying thematic clusters, and
research trends (Donthu et al., 2021). The evolution of review
typologies confirms that these forms are not alternatives, but
reflect different segments of a unified process of knowledge
formation (Grant & Booth, 2009). At the same time, in
academic writing practice, these functional distinctions are
often reduced to genre templates, which complicates the
reproduction of the internal logic of the cognitive process.
Under these conditions, genre requirements and reporting
standards begin to act as substitutes for methodological
reflection, despite existing approaches that conceptualize
writing as a tool for knowledge production (St. Pierre, 2007).
This creates the need for formalizing a unified causal model
that integrates different forms of knowledge synthesis into a
coherent cognitive process.

As a result, problems of methodological quality in
scientific publications are often interpreted as authors’ errors
or non-compliance with standards, whereas their causes are
structural and related to the absence of a formalized connection
between stages of knowledge synthesis. Under such conditions,
individual methods may be applied formally correctly but yield
methodologically unstable results, which is partly due to the
fragmentation of methodological guidelines and reporting
standards across types of review studies (Tricco et al., 2018;
Page et al., 2021). This necessitates a conceptual understanding
of scientific text preparation as a coherent cognitive process
with an internally determined sequence of operations.

In this paper, a critical path model of knowledge
synthesis is proposed, which interprets the preparation of a
scientific text as a sequence of invariant cognitive operations
linked by causal relationships.

In the field of physical education and sport, this problem
becomes particularly relevant due to the interdisciplinary
nature of research, the combination of pedagogical,
biomedical, and behavioral approaches, and the rapid
growth in the number of review publications. Under such
conditions, violations in the logic of transitions between
stages of knowledge synthesis lead to the emergence of
formally correct but methodologically fragmented studies,
including systematic reviews without a clear conceptual
framework or meta-analyses without adequate orientation
in the scientific field. This complicates the interpretation
of results and reduces their practical value for specialists in
physical education and sport.

The purpose of this study is to conduct a conceptual
narrative review aimed at formalizing and conceptually
substantiating the critical path of cognitive operations as
an invariant model of knowledge synthesis in the process of
scientific text preparation. Within this approach, genres of
scientific publications are interpreted as functional segments
of a unified cognitive process, while methodological
correctness is determined by the consistency of the chosen
trajectory with the causal logic of this process.

Achieving this goal involves:

(1) identifying invariant cognitive operations underlying
scientific text preparation;

(2) formalizing their causal relationships in the form of
a critical path;

(3) analyzing typical violations of this path and their
methodological consequences.

Materials and Methods

Study Design

The study was conducted in the format of a conceptual
narrative review aimed at the theoretical understanding
of the logic of scientific text preparation in contemporary
academic practice. The purpose of the methodological
analysis was not to synthesize empirical results of individual
studies, but to identify invariant cognitive operations and
causal relationships that determine the methodological
coherence of a scientific text.

The chosen format of a conceptual narrative review
corresponds to contemporary approaches to the analysis
of complex methodological phenomena, where the aim is
not the aggregation of results of individual studies, but the
reconstruction of the logic of the cognitive process. This
approach is consistent with the interpretation of writing as
a tool for research and knowledge production, rather than
merely a means of its representation (St. Pierre, 2007).

Accordingly, the study does not belong to systematic
reviews or meta-analyses and does not involve quantitative
synthesis of data.

Research Material

The research material consisted of normative and
methodological publications that define contemporary
approaches to knowledge synthesis and the construction of
review studies. The analysis included works that:

(a) describe functional differences between types of
reviews and their methodological roles (Grant & Booth,
2009);

(b) substantiate the necessity of an orientation stage
in expanding and fragmented scientific fields (Arksey &
O’Malley, 2005; Levac et al., 2010);

(c) formalize requirements for verification and synthesis
of evidence in systematic reviews and meta-analyses (Higgins
etal, 2019; Page et al., 2021);

(d) conceptualize academic writing as a tool for
cognition and the construction of scientific argument (St.
Pierre, 2007).

These publications were considered not as empirical
sources for result aggregation, but as methodological
reference points reflecting the evolution of views on the logic
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of knowledge synthesis and the status of different forms of
review studies in scientific cognition.

Methodological Framework of Analysis

The methodological basis of the study was the
interpretation of scientific text preparation as a sequential
cognitive process that can be formalized in the form of a
network model. Within this framework, genres of scientific
publications were considered as forms of knowledge
representation, while the main unit of analysis was functional
cognitive operations.

The analysis was carried out through:

1. Conceptual comparison of different forms of

knowledge synthesis with their cognitive functions.

2. Reconstruction of causal relationships between

stages of scientific argument formation.

3. Identification of invariant nodes of the cognitive

process, independent of the field and type of
publication.

Procedure of Analysis

The research procedure included several interrelated stages:

1. Conceptual analysis of methodological sources to
identify the evolution of views on the scientific text
— from product to process of cognition.

2. Narrative synthesis of approaches to evidence
synthesis with a focus on their functional role in
the logic of knowledge formation.

3. Formalization of cognitive operations in the form
of nodes of a network model and identification of
logically necessary transitions between them.

4. Analysis of critical path violations, which made
it possible to identify typical inadmissible
trajectories of scientific text preparation and their
methodological consequences.

The results of this stage formed the basis for the

development of the critical path concept presented in the
Results section.

Criteria of Conceptual Validity

The validity of the obtained conclusions was ensured not
by statistical indicators, but by the internal logical consistency
of the model and its ability to explain typical methodological
deformations observed in academic practice.

The criteria of conceptual validity included:

o consistency of the model with contemporary views

on the stepwise nature of scientific cognition;

o explanatory capacity with respect to identified

inadmissible trajectories;

o coherence with the results and their interpretation

presented in the Results and Discussion sections.

Methodological Limitations

The proposed approach is conceptual in nature and does
not involve empirical verification on a corpus of specific
publications. At the same time, it provides a methodological
basis for further studies aimed at empirical analysis of scientific
text preparation trajectories in different fields of knowledge.

Results

The analysis of contemporary approaches to evidence
synthesis indicates that different forms of review studies
historically developed not as alternatives to one another, but
as responses to the limitations of previous approaches. Thus,
the development of scoping approaches was driven by the
need for orientation in expanding and fragmented scientific
fields (Arksey & O’Malley, 2005; Levac et al., 2010), whereas
systematic reviews and meta-analyses emerged as tools
for increasing reproducibility and the strength of evidence
(Higgins et al., 2019).

Logic of Scientific Text Preparation as
a Network Cognitive Process

As a result of the conceptual narrative analysis of
methodological approaches to knowledge synthesis, it was
established that the preparation of a scientific text cannot be
reduced to the choice of genre or type of publication. Instead, it
follows an invariant logic of the cognitive process, which can be
formalized in the form of a network model with clearly defined
nodes and causal transitions between them.

These nodes correspond to functional cognitive
operations, without which scientific generalization loses
methodological stability.

Identification of Invariant Cognitive Nodes

The analysis of contemporary approaches to evidence
synthesis, philosophy of science, and academic writing made
it possible to identify five invariant cognitive nodes:

Orientation in the scientific field - provides an
understanding of the structure of knowledge, thematic clusters,
dominant approaches, and research gaps, including through
bibliometric mapping techniques (Donthu et al., 2021).

Conceptualization of the problem - involves
the formation of a theoretical framework, the logic of
argumentation, and key concepts.

Verification of statements - is aimed at assessing the
reliability and reproducibility of the empirical data and
sources used.

Evidence synthesis — ensures the integration of results
and the weighting of evidence, including quantitative
synthesis.

Interpretation and projection - connects the
obtained synthesis with theoretical positions and practical
implications.

These nodes represent logically necessary states of
cognition, regardless of the field of knowledge and the format
of publication. The proposed logic has direct methodological
relevance for the field of physical education and sport, where
different forms of knowledge synthesis are often applied in
isolation, outside their functional interconnection.

Critical Path of Scientific Text Preparation

In terms of network planning, the preparation of a scientific
text has a critical path, the violation or omission of elements of
which leads to methodological instability of the result.

The critical path has the following sequence:

Orientation » Conceptualization > Verification >
Evidence synthesis > Interpretation
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This path is epistemological rather than genre-based. It
reflects the logic of scientific knowledge formation, whereas
publication types represent only individual segments of this
path.

The constructed network model of the critical path of
knowledge synthesis is presented in Figure 1.

Invariant Sequence of Cognitive Operations
COGNITION >

ORIENTATION
structure of the scientific field,
clusters, gaps

4

CONCEPTUALIZATION
problem, concepts,
theoretical framework

Y
VERIFICATION
selection and evaluation
of sources, validity of evidence

Y
EVIDENCE SYNTHESIS
integration of results,
qualitative/quantitative synthesis

A
INTERPRETATION
explanation, conclusions,
implications

- SCIENTIFIC RESULT

Fig. 1. Critical path of knowledge synthesis in scientific text
preparation. Note. The critical path reflects an invariant, causally
determined sequence of cognitive operations underlying
knowledge synthesis. Violation or omission of individual stages
of this path leads to predictable methodological deformations
regardless of the formal type of publication.

Mapping of Cognitive Nodes to Forms
of Knowledge Synthesis

Within the identified critical path, different forms of
knowledge synthesis perform specific functions corresponding
to individual cognitive nodes. This allows them to be considered
notas alternative approaches, but as functionally interconnected
elements of a unified process of knowledge formation. The
correspondence between cognitive nodes and dominant forms
of synthesis is summarized in Table 1.

Thus, forms of synthesis do not compete with each
other, but functionally complement one another within a
unified cognitive process.

Acceptable Trajectories of Scientific Text Preparation

The results of the analysis indicate that not all scientific
texts are required to pass through the full critical path. At
the same time, any acceptable trajectory must be consistent
with its logic.

Table 1. Mapping of cognitive nodes to dominant forms of
knowledge synthesis

Cognitive node Dominant form of synthesis
Orientation Bibliometric analysis; scoping review
Conceptualization Narrative review
Verification Systematic review

Evidence synthesis Meta-analysis

Interpretation Integrative conclusion

Note. Each form of synthesis corresponds to a specific functional
stage within the critical path and does not substitute the overall
epistemological sequence. Within these stages, specific tools
may be applied; in particular, bibliometric analysis supports
orientation in the scientific field by identifying knowledge
structures and research trends (Donthu et al., 2021).

Examples of methodologically acceptable trajectories:
o Conceptual / theoretical work:
Orientation > Conceptualization > Interpretation
o Systematic review without meta-analysis:
Orientation > Conceptualization - Verification >
Interpretation
o Meta-analysis:
Orientation > Verification > Evidence synthesis >
Interpretation
(provided that a stable conceptual framework exists
in the scientific field)

Violations of the Critical Path and Their
Methodological Consequences

As a result of the conceptual narrative analysis, it was
established that methodological problems of contemporary
scientific texts are determined not by the choice of individual
methods or genres, but by violations of the logic of the
critical path of cognitive operations. Such violations have
predictable consequences that manifest regardless of the
field of knowledge and the formal type of publication.

The analysis made it possible to identify typical
inadmissible trajectories of scientific text preparation
that arise from omission or substitution of individual
cognitive nodes. It was established that such violations
are systemic and lead to predictable methodological
deformations independent of the formal type of publication.
The systematization of critical path violations and their
methodological consequences is presented in Table 2.

The identified inadmissible trajectories are consistent with
contemporary standards of evidence synthesis, within which
the functions of conceptual justification, selection procedures,
and interpretation of results are clearly differentiated (Page et
al,, 2021). Violation of this differentiation leads to formally
correct but methodologically unstable results.

Conceptual Significance of Identified Violations

The identified violations are not individual author errors
and cannot be reduced to non-compliance with formal
standards. They are structural in nature and result from the
identification of publication genres with the methodology
of cognition. In such cases, individual stages of knowledge
synthesis are applied in isolation, outside the logic of their
functional interconnection.
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Table 2. Typical violations of the critical path and their methodological consequences

Critical path violation

Methodological consequence

Meta-analysis without conceptualization
Narrative conclusions without verification
Interpretation without evidence synthesis
Systematic review without field orientation

Statistically correct results lacking scientific meaning
Speculative generalizations

Essay-like reasoning without scientific validity
Technical compilation without conceptual novelty

Note. Violations reflect disruptions in the causal sequence of cognitive operations rather than improper application of

individual methods.

Thus, inadmissible trajectories reflect not the “weakness”
of individual methods, but violations of causal relationships
between cognitive operations, which leads to methodological
instability of the scientific text.

Generalized Result

The obtained results indicate that the quality and
scientific validity of a text are determined not by the
completeness of applied methods and not by the formal
type of publication, but by the consistency of the chosen
trajectory of text preparation with the critical path of the
cognitive process. Violations of this path lead to predictable
and typical methodological deformations that can be
identified at the stages of peer review and editorial analysis.

Discussion

Interpretation of Identified Violations of the Critical Path

The obtained results indicate that methodological
deformations of scientific texts have a structural character
and reflect disruptions in the logic of the cognitive
process. The identified inadmissible trajectories specify
the mechanisms of their occurrence, in particular the
substitution of methodology by genre forms. In such cases,
individual stages of knowledge synthesis are applied in
isolation, without taking into account their functional role
in the integral structure of scientific argument formation.

In particular, the emergence of meta-analyses
without a clear conceptual framework is explained by the
orientation toward formal criteria of evidence, while issues
of meaningful interpretation are placed outside the scope of
methodological analysis. Similarly, narrative generalizations
without verification procedures are often the result of mixing
theoretical reflection with empirical statements without
proper differentiation of their status.

The identified violations of the critical path should
be considered in the context of the fragmentation of
methodological recommendations across publication types.
The development of reporting standards for systematic
reviews and scoping studies (Tricco et al., 2018; Page et
al., 2021) has significantly increased the transparency of
individual stages of knowledge synthesis, but at the same time
has intensified the risk of their isolated application without a
conceptual connection to other cognitive operations.

Structural Causes of Methodological Failures

They are formed within a broader context of contemporary
academic practice, in which individual elements of the process

of scientific text preparation are regulated unevenly and in
isolation. In particular, this context includes:

o thespread of templated requirements for the structure
of scientific articles, arising from the standardization
of reporting forms for specific types of review studies
and contributing to the identification of genre with
methodology (Grant & Booth, 2009; Tricco et al.,
2018);

o the growing role of formal quality indicators within
evaluation procedures for review studies, where
compliance with reporting standards is used as a
proxy indicator of methodological rigor (Page et al.,
2021);

« the fragmentation of methodological recommenda-
tions across publication types, as a result of which
individual stages of knowledge synthesis (orienta-
tion, verification, synthesis) are regulated indepen-
dently of one another (Grant & Booth, 2009; Arksey
& O’Malley, 2005; Levac et al., 2010);

o the shift of emphasis toward the rapid reproduction
of formally correct results, which is reinforced by
requirements for accelerated publication cycles and
reduces the space for conceptual reflection at the
stage of text preparation.

Under such conditions, the genre of a scientific article
often begins to function as a methodological surrogate,
substituting the logic of cognition, which correlates with
the fragmentation of standards of review studies across
publication types (Grant & Booth, 2009; Tricco et al., 2018).

The Significance of the Critical Path as
an Interpretative Framework

The proposed critical path model makes it possible
to interpret these phenomena not as a set of “errors,” but
as consequences of violations of causal relationships
between cognitive operations. Such an approach removes
normative tension and shifts the analysis into the domain of
methodological reflection.

In this context, the critical path does not function as a
mandatory procedural scheme, but rather as an invariant
logic with which different trajectories of scientific text
preparation must be aligned. It is this alignment, rather
than the completeness of applied methods, that determines
methodological correctness and the scientific validity of results.

Implications for Academic Writing Practice and Evaluation

From the perspective of the obtained results, it becomes
possible to reinterpret typical difficulties of peer review
and preliminary editorial screening. Instead of evaluating
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compliance with formal publication types, there emerges the
possibility of analyzing the logic of the trajectory followed
by the author.

For authors, this opens the space for the conscious
selection of acceptable reduced trajectories without loss of
methodological coherence. For reviewers, it provides a tool
for identifying structural failures that are not always evident
in superficial evaluation. For editorial boards, it creates a
basis for explaining editorial policy without resorting to
rigid normative prescriptions.

In the context of physical education and sport, this
has direct practical implications. In particular, the use of
systematic reviews and meta-analyses without proper
conceptualization or orientation in the scientific field leads
to the formation of generalizations that are difficult to
integrate into educational practice or training programs. The
proposed critical path model makes it possible to interpret
these problems not as isolated methodological shortcomings,
but as manifestations of violations in the logic of knowledge
synthesis within the field.

Limitations and Future Directions

The discussed model is conceptual in nature and does
not replace discipline-specific methodological standards.
At the same time, it can serve as a meta-level for their
coordination, as well as a basis for further research aimed
at empirical verification of typical processes of scientific text
preparation across different disciplines.

General Statement

Thus, the results and their discussion allow us to state
that the problems of contemporary scientific texts are related
not to a lack of methods or standards, but to insufficient
articulation of the logic of the cognitive process, which
precedes the choice of genre and determines the possibility
of coherent knowledge synthesis.

Conclusions

Within the framework of a conceptual narrative review,
it is substantiated that the preparation of a scientific text
follows an invariant logic of the cognitive process that does
not coincide with the traditional typology of scientific
publications.

It is shown that genres of scientific articles reflect
individual segments of this process, but do not determine
its causal structure.

The formalization of the critical path of cognitive
operations made it possible to identify typical inadmissible
trajectories of scientific text preparation and the predictable
methodological consequences of their violation.

The identified violations have a structural character and
are caused by the substitution of methodology with genre
and formal requirements of academic writing, which is
consistent with typologies and standards of review studies
(Grant & Booth, 2009; Page et al., 2021).

The proposed critical path model is not a normative
instruction, but performs the function of an interpretative
framework for analyzing the methodological coherence of
scientific texts.

Methodological correctness is determined by the
correspondence of the trajectory of text preparation to the
logic of the cognitive process.

The obtained conclusions create a basis for the further
development of tools for academic writing, peer review, and
editorial evaluation oriented toward coherent knowledge
synthesis.
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Bip KapTorpadyBaHHA 3HaHb A0 CMHTE3Y AOKa3iB: mMoaenb
KPVUTUYHOIO WAAXY No6yA0BM LiNiCHNX HAYKOBUX TEKCTIB

Oner Xynomiit'A®P, Onpra IBamenko'**°, Mukoma Xygomiit'A5cP

'XapkiBcbKa fiep>kaBHa akajieMist GisM4HOI KynbTypu

ABTOpPCHKMIT BKIAJ: A — Au3aiitH gocnipkenHs; B — 36ip ganux; C — crataHanis; D — migroroska pykorcy; E — 36ip kowrtis

Pedepar. Crarts: 8 c., 2 Tabn., 1 puc., 8 mxepern.

Bcryn. CyyacHa mpakTuka akajeMiqHOTO IuCbMa fefasi Oi/bllle BIUSHAYA€THCS CTAHAAPTMU30BAHMMIM BYMOTAMNU
IO CTPYKTypu IyOsiKamiil i TUIIONOTiAMY OITIALOBUX AOCIimKeHb. [IpoTe ¢popmanbHa BiINOBIAHICTD UM CTaHJApTaM
He TapaHTy€ MeTOHOJIOriuHOl BajiJHOCTI, OCKiNbKM JIoTika (pOpMYBaHHS 3HAHHA YacTO 3a/IMUIIAETHCA HESABHON abo
HiAMIHETHCS YKaHPOBUM IIA0JIOHAMI, LIO IIPU3BOANTS [JO CUCTEMHIX CIIOTBOPEHb CUHTE3Y [JOKA3iB.

Merta gocmimxenna. ©opManisyBaTy MOfIe/Ib KPUTUIHOTO LIIAXY CUHTE3Y 3HAaHb, Y MeXKaX AKOI IMiIT0TOBKA HAYKOBOTO
TEKCTY iHTE€PIIPETYETHCA AK OCiJOBHMIA Ii3HaBAIbHMIL IIPOLEC, MiATIOPANKOBAHMIA iHBAPiaHTHIN JIOTiLli eIliCTeMOTOTiYHMX
oIepaLiil.

Marepiamu i MeTopu. JJocmif)KeHHs BUKOHAHO y GOpMaTi KOHIIEITYaTbHOTO HAPaTUBHOTO OIIARY 3 BUKOPUCTAHHAM
HifXO/iB CMHTe3y [OoKasiB, TMIOJOTii OIMANOBUX HOCIIIKeHb i Teopil akajeMiyHOro mmcbma. AHajli3 Hepepbadas
(yHKIIOHA/IBbHY JeKOMIO3UIIO ITi3HAaBa/IbHUX Ollepallill, peKOHCTPYKIIiI0 IPMYMHHO-HACIIIKOBUX 3B A3KiB MDK HUMU Ta
¢dopmartisanifo ix MOCTIZOBHOCTI Y BUILI/i KPUTUIHOTO LIJISIXY.

PesynbraT. BuokpemieHo Ir'sTh iHBapiaHTHMX Ii3HaBaJbHUX BY3/IiB: opieHTauis (popMmytoBaHHA HpobreMn),
KOHIlenTyani3anis (mobynosa Mopeni), Bepudikanis (oliHKa JOKasiB), y3araJbHeHHs [OKasiB (CMHTe3), iHTeprpeTaris
(Teopernune nmosicHeHHs1). ITokasaHo, 1110 11i By3/mu GOPMYIOTh KPUTUYIHMI IIUIAX, AKIIT BUSHAYa€ METORO/IOTIYHY LiTiCHICTh
HayKOBOTO TEKCTy He3a/leXXHO Bijj >kaHpy. BcTaHOBIIE€HO, 1[0 TUIM OTIAMOBMX HOCTi/)KEHDb BiJIIOBiZal0Th OKPEMUM
IUIAHKaM LIbOTO LIIAXY, ajle He BU3HAYal0Th JIOTo JIOTiKy. IneHTn(ikoBaHO TUIIOB] MOPYIIEHH:, 30KpeMa MeTa-aHali3 6es
KOHIIENTYasli3allii, HApaTMBHi y3araJbHeHHA 6e3 Bepudikanii Ta cucTeMaTUYHI OrIARM 6€3 Opi€HTAILLil, 110 IPU3BOIUT IO
nepenbavyBaHIX METOOIOTIYHNX AeopMariiil.

O6roBopenHs. Pesynpratu CBigyaTh, 1[0 IpO6IEMHU CYYaCHMX HAYKOBUX TEKCTIB MAlOTh CHCTEMHMIT XapaxTep i
3yMOBJICHI pO3PMBOM IPUYMHHO-HACTIAKOBMX 3B A3KiB MDXK ITi3HaBa/IbHUMM OIl€PALiisiMM Ta MifMIHOIO JIOTiKY HiSHaHHS
(dhopMaIbHMMM BUMOTaMUL. 3aIIpOIIOHOBAaHa MOJie/Ib O3BOJIAE IHTEPIIPETYBATH 1ii TOPYLIEHHS K IIPOSABMU eIiCTeMOIOri9HO]
HEY3TOJI)KEHOCTI.

BucHoBK1. MeTO0/IOTi4Ha KOPEKTHICTb HAYKOBOTO TEKCTY BU3HAYAETHCS He IIOT0 XKaHPOBOIO POPMOI0, & Y3TO/KEHICTIO
TPAEKTOPIi MiATOTOBKM 3 KPUTUYHVIM II/IIXOM CUHTe3Y 3HaHb. Mofie/ib Mo>Ke 6y T BUKOPUCTAHa SIK IHCTPYMEHT HiABUI[eHHS
AKOCTI aKaJleMiYHOTO IJICbMa, PELIEH3YBAHHA Ta PelaKLilIHOTO OL[iHIOBAHHS.

KnrouoBi croBa: Mofenb KpUTUYHOTO HIZIAXY, CUHTe3 3HaHb, CMHTE3 [OKa3iB, akafleMidyHe MUCbMO, METO/O/IOTiYHa
paMKa, CUCTeMaTYHUII OrIAf, (pisudHe BUXOBaHHA, CIIOPTUBHA HayKa.
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Abstract

Background. Physical literacy (PL) has emerged as a central outcome of contemporary physical education, reflecting
a shift toward holistic approaches that integrate physical, cognitive, and affective domains. However, existing research
often examines motivational and behavioral factors in isolation, limiting understanding of how sustained engagement

in physical activity develops.

Objectives. This study aims to provide a thematically grounded synthesis of how non-cognitive attributes and
self-regulatory processes interact to shape physical literacy outcomes in educational contexts.

Materials and Methods. A systematic review was conducted following PRISMA 2020 guidelines. Literature was
retrieved from the Scopus and Web of Science databases using predefined search criteria. A total of 36 studies met the

inclusion criteria and were analyzed using thematic synthesis.

Results. Four key themes were identified: (1) non-cognitive foundations, (2) self-regulatory mechanisms,

(3) pedagogical and social contexts, and (4) digital and hybrid learning pathways. The findings indicate a consistent
pattern in which non-cognitive attributes—particularly motivation, confidence, and self-efficacy—function as
initiators of engagement, while sustained participation is supported by self-regulatory processes such as goal-setting,
self-monitoring, and behavioral adjustment. These processes facilitate the transition from initial intention to more
stable participation over time. In addition, pedagogical and digital contexts shape this relationship by structuring
and supporting the interaction between motivational and regulatory processes.

Conclusions. The findings support a dual-process perspective in which motivation initiates engagement and self-
regulation stabilizes behavior over time. This study contributes by clarifying how engagement in physical activity
can be both initiated and sustained, providing a basis for designing physical education programs that integrate

motivational and self-regulatory development.

Keywords: physical literacy, self-regulation, motivation, physical education, systematic review, student engagement,

digital learning.

Introduction

Physical literacy (PL) has increasingly been recognized as
a central outcome of contemporary physical education (PE),
reflecting a shift from performance-oriented approaches
toward a more holistic understanding of human movement.

© Rusmitaningsih, FE N., Mamun, A., Juliantine, T., Sucipto, S.,
& Gustian, U., 2026.

@ PETM
/ LLCOVS

As a multidimensional construct, PL encompasses
motivation, confidence, physical competence, knowledge, and
understanding that collectively support lifelong engagement in
physical activity (Dlugonski et al., 2022; Mota et al., 2021). This
perspective positions PL not only as an educational objective but
also as a foundation for sustained health, well-being, and active
lifestyles across the lifespan (Edwards et al., 2016; Stoddart &
Humbert, 2021; van Wyk et al., 2022).

A growing body of literature highlights that the
development of PL is shaped by the interaction of cognitive,
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affective,and social domains. Earlyengagementin meaningful
physical experiences contributes to long-term participation
and psychological well-being (Cornish et al., 2020; Edwards
et al., 2016; Lloyd et al., 2024). Within this framework,
non-cognitive attributes—such as motivation, self-efficacy,
confidence, and emotional resilience—play a critical role in
initiating engagement and shaping individuals’ willingness
to participate in physical activity (Houser & Kriellaars,
2023; Ma et al., 2021). However, while these attributes
are consistently associated with increased participation,
existing research rarely explains how motivational states are
translated into sustained behavioral engagement over time.

Thislimitation points to theimportance of self-regulatory
processes as mechanisms that enable individuals to convert
motivation into consistent action. Skills such as goal setting,
self-monitoring, and behavioral planning supportlearners in
regulating their participation and maintaining engagement
across contexts (Jefferies et al., 2019; Liu & Chen, 2022;
Quitério, 2018). Importantly, motivation alone does not
necessarily lead to sustained participation, highlighting the
need for regulatory capacities that stabilize behavior beyond
initial engagement.

Despite these advances, research on physical literacy
remains conceptually fragmented. Existing studies have
typically examined pedagogical approaches, psychological
constructs, or behavioral outcomes in isolation, resulting
in a limited understanding of how these dimensions
interact within authentic educational settings. In particular,
insufficient attention has been given to how non-
cognitive attributes and self-regulatory processes function
as interconnected mechanisms that shape sustained
participation in physical activity. This gap constrains both
theoretical development and the design of integrated
pedagogical models in physical education.

This limitation becomes increasingly relevant in the context
of digital and hybrid learning environments, where learners
are required to regulate their engagement more independently.
While technology-enhanced PE has been associated with
increased accessibility and engagement (Bond et al., 2020;
Estevan et al., 2023), limited research has examined how digital
environments influence the interplay between motivation and
self-regulation in supporting long-term participation.

Given these gaps, there is a need for a systematic
synthesis that integrates non-cognitive attributes, self-
regulatory processes, and pedagogical contexts within a
coherent analytical framework. Therefore, this study aims
to examine how these dimensions interact to shape physical
literacy outcomes in physical education settings. Specifically,
the review explores how non-cognitive attributes and self-
regulatory processes are conceptualized and operationalized,
how pedagogical and learning environments influence these
mechanisms, and which contextual conditions strengthen or
constrain these relationships.

This study addresses this gap by advancing a theoretically
grounded synthesis that integrates non-cognitive and
self-regulatory constructs within established frameworks,
particularly Self-Determination Theory (SDT) and Social
Cognitive Theory (SCT). Building on this integration,
the review proposes a dual-process perspective in which
motivation functions as an initiator of engagement, while
self-regulation acts as a stabilizing mechanism that sustains
behavior over time. Accordingly, this study conceptualizes

physical literacy as the result of dynamic interactions
between affective, behavioral, and contextual processes,
rather than isolated components.

Materials and Methods

Study Design

This study employed a systematic review design with
thematic synthesis to integrate empirical and conceptually
relevant evidence on the role of non-cognitive attributes
and self-regulatory processes in shaping physical literacy
outcomes in educational contexts. The review was conducted
in accordance with the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA 2020)
guidelines to ensure transparency and methodological rigor.

Information Sources and Search Strategy

The literature search was performed using two major
electronic databases, Scopus and Web of Science, to ensure
comprehensive coverage of peer-reviewed publications in
physical education, health, and educational psychology.

The search strategy was developed iteratively to identify
studies examining physical literacy in relation to non-
cognitive and self-regulatory constructs within educational
settings. The primary search query included terms such as:
(“physical literacy” OR “physical activity participation”)
AND (“grit” OR “perseverance” OR “self-regulated learning”
OR “self-regulation”) AND (“physical education”

To ensure broader coverage, the search process was
supplementedbyiterativerefinementofkeywordsandcitation
tracking, allowing inclusion of studies addressing related
constructs such as motivation, self-efficacy, confidence,
and autonomy support. An expanded set of related terms
was considered during refinement, although the core query
structure remained consistent across databases.

Searches were conducted in Scopus and Web of Science
on 12 March 2026. The strategy was adapted to the syntax
requirements of each database. In Scopus, the search was
conducted within title, abstract, and keywords fields,
whereas a comparable topic-based strategy was applied
in Web of Science. The search was limited to peer-reviewed
journal articles published in English between 2015 and 2025.
Backward and forward citation tracking was also conducted
to identify additional relevant studies.

Eligibility Criteria

Studies were included if they:

1. Examined physical literacy or physical activity
participation within educational settings;

2. Addressed non-cognitive attributes such as
motivation, self-efficacy, confidence, grit, or
perseverance and/or self-regulatory processes such
as goal setting, self-monitoring, and self-regulated
learning;

3. Employed empirical quantitative, qualitative, or
mixed-methods designs;

4.  Were published in peer-reviewed journals.

Studies were excluded if they lacked clear relevance to

physical literacy outcomes, were not situated in educational
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or pedagogical contexts, were not written in English, or did
not report empirical findings.

Although the primary analytical focus was on
empirical studies, a limited number of conceptually relevant
review-based studies were retained to support theoretical
interpretation and contextualize patterns emerging from
the empirical evidence. These studies were not treated as
primary analytical units.

Study Selection

The study selection process followed the PRISMA 2020
framework. The initial search identified 1,167 records,
including 1,063 from Scopus and 104 from Web of Science.
After duplicate removal, 1,000 unique records remained.

Title and abstract screening resulted in the exclusion
of 780 records, leaving 220 articles for full-text assessment.
Following full-text review, 184 articles were excluded because
of insufficient relevance to physical literacy outcomes, lack
of alignment with the educational focus of the review, or
insufficient conceptual fit with the review objectives. A total
of 36 studies met the inclusion criteria and were retained for
the final synthesis. The study selection process is illustrated
in Figure 1.

[ Identification of studies via databases and registers ]

]

Records identified from
Web of Science (n = 104)

Records identified from
Scopus (n = 1063)

Identification

Total
(n=1167)
Records after duplicates removed
(n=1000)

[

]

Records screened

(n = 1000)

Reports sought for retrieval Reports not retrieved
(n=220) "l (n=0)

}

v

Records excluded (n = 780)

A

Screening

Report d for eligibilit Reports excluded (n=184):
efo S assessed for eligibility ——» - Not aligned with analytical focus (70)
(n = 220) - Insufficient methodological rigor (40)
- No clear PL outcomes (30)
- Irrelevant (44)
__J
—
° Studies included in review
2 (n = 36)
S Reports of included studies
= (n=36)
J

Fig. 1. The PRISMA flow diagram detailing the screening and
selection process of literature

Selection was conducted in two stages: (1) title and
abstract screening and (2) full-text assessment. The screening
process was conducted by the author using predefined
eligibility criteria.

Data Extraction

Data from the included studies were extracted using a
standardized extraction form capturing study design, sample
characteristics, key variables, measurement approaches, and
principal findings.

To ensure analytical consistency, an additional
verification step was conducted during extraction and
synthesis by re-checking consistency between extracted data
and thematic categorization. Studies that did not provide
sufficient alignment with the analytical framework or lacked
extractable data relevant to the identified themes were not
emphasized in the tabular presentation.

Accordingly, Tables 1-4 present the most analytically
salient studies grouped by thematic categories, while
all included studies informed the overall synthesis and
interpretation.

Quality Considerations

Because the review aimed to synthesize conceptually
heterogeneous evidence across multiple study designs, no
formal critical appraisal tool was applied. Instead, studies
were evaluated based on relevance to the review questions,
clarity of methodological reporting, and contribution to
the thematic synthesis. This approach was considered
appropriate for the interpretive purpose of the review and
the diversity of the included evidence.

Data Synthesis

The analysis was conducted using thematic synthesis.
Through iterative coding and categorization, four
overarching themes were identified:

1. Non-cognitive foundations of physical literacy;

2. Self-regulatory mechanisms;

3. Pedagogical and social contexts;

4. Digital and hybrid learning pathways.

These themes guided the organization of the results
and supported the development of a conceptual framework
integrating affective and behavioral dimensions of physical
literacy.

Result

Non-Cognitive Foundations of Physical Literacy

The review of the literature demonstrates that non-
cognitive attributes play a central role in the development
of physical literacy (PL), particularly through motivation,
confidence, and affective engagement. As summarized
in Table 1, these constructs are consistently positioned
as foundational drivers of participation across diverse
educational contexts.

The reviewed literature indicates that non-cognitive
attributes play an important role in the development of
physical literacy (PL), particularly through motivation,
confidence, and affective engagement. As summarized in
Table 1, these constructs were consistently emphasized
across diverse educational contexts, suggesting that affective
readiness remains a central concern in current PL research.

Motivation and confidence emerged as the most
consistently reported PL-related domains, each appearing
in 100% (9 out of 9) of the studies summarized in Table 1. In
contrast, knowledge and understanding were identified in
only 22% (2 out of 9) of the studies, typically in conjunction
with affective dimensions. This distribution indicates that
current PL research remains strongly oriented toward
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Table 1. Non-Cognitive Foundations of Physical Literacy in Physical Education

Core Construct / Operationalization / PL-Relz.tted oo
Study / Context . Domain / Key Finding
Mechanism Measure
Outcome
(Malmstrom & Self-efficacy; social ~ Teacher self-efficacy scale;  Motivation; Teacher self-efficacy and social
Oqyist, 2025) / support; motivation  social support; SEM confidence support were associated with stronger
Elementary PE motivation and leadership behaviors
teachers supportive of PL-related environments
(Behzadnia et Autonomy support;  SDT-based questionnaires; Motivation; Autonomy-supportive teaching was
al.,, 2025) / High-  need satisfaction; gameplay assessment confidence associated with need satisfaction and
school PE autonomous autonomous motivation, alongside
motivation improved performance relevant to PL
(Khairani & Self-efficacy; SCT scales; PLS-SEM Motivation; Self-efficacy was identified as a
Zhang, 2025) outcome confidence strong predictor of physical activity
/ Chinese expectations; social engagement, supporting confidence-
universities support related dimensions of PL
(Qiuetal, 2025)  Psychological IPAQ-S; CD-RISC; PSES-  Motivation; Physical activity and resilience were
/ College students resilience; self- CS confidence linked to enhanced self-efficacy,
efficacy indicating affective pathways relevant
to PL
(Pavlovic et al., Emotions; climate Survey; focus groups Motivation; Positive emotional climates were
2025) / Youth perceptions confidence associated with social-emotional
sport development and affective outcomes
relevant to PL
(White et al., Enjoyment; Qualitative interviews Motivation; Informal exercise opportunities were
2025) / Informal  social belonging; confidence associated with improved confidence
school PA confidence and social well-being beyond formal
PE
(Cashman et al., Well-being PhotoVoice; interviews Motivation; Students highlighted relationships and
2025) / Primary  perceptions; knowledge and learning experiences as important to
schools relationships understanding well-being and holistic interpretations
of PL
(Frikha et al., Enjoyment; need SDT scales; mediation Motivation; Enjoyment and need satisfaction
2024) / Female satisfaction analysis relatedness were associated with institutional
PE students integration and motivational outcomes
relevant to PL
(Costa et al., Empathy; prosocial ~ PRISMA scoping review Motivation; Emotional and social learning
2025) / PE emotions affective domain strategies in PE were reported to

empathy review*

support affective dimensions relevant
to PL

Note. IPAQ-S = International Physical Activity Questionnaire (Short Form); CD-RISC = Connor-Davidson Resilience Scale; PSES-CS =
Physical Self-Efficacy Scale for College Students; SDT = Self-Determination Theory; SEM = Structural Equation Modeling; PLS-SEM =

Partial Least Squares Structural Equation Modeling.

affective constructs, with comparatively limited integration
of cognitive components.

Among the non-cognitive constructs, self-efficacy and
related confidence constructs (5/9), autonomy support (3/9),
and emotional factors (3/9) were most frequently identified.
Self-efficacy and closely related constructs were frequently
reported as important predictors of physical activity
engagement, often interacting with social support and
motivational processes. However, their effects were rarely
presented as independent; rather, they tended to emerge in
relation to broader contextual supports.

Motivational processes were commonly linked to
autonomy-supportive environments, where instructional
practices facilitated intrinsic motivation and engagement.

Emotional and social constructs—such as enjoyment,
belonging, and resilience—were particularly evident in
informal and primary education contexts, where they were
associated with increased confidence and well-being.
Across studies, motivation, confidence, and self-
efficacy were rarely reported as isolated attributes. Instead,
they appeared most clearly when supported by favorable
social and instructional conditions, suggesting that affective
readiness for participation is not purely individual but shaped
through interaction with the learning environment. Taken
together, these findings suggest that non-cognitive attributes
primarily function as initiators of engagement, establishing
the affective conditions necessary for participation but not,
on their own, fully explaining sustained behavior over time.
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Self-Regulation as a Mechanism for Physical Literacy

Building on these affective foundations, the reviewed
studies identify self-regulation as a key mechanism that
supports sustained engagement over time. As shown in Table
2, self-regulatory processes were identified across diverse
contexts, including formal instruction, blended learning,
and informal physical activity settings.

Among the identified mechanisms, self-monitoring
(3/7) was the most frequently reported, followed by goal-
setting (2/7), self-management (2/7), and persistence-related
constructs (2/7). These processes were typically supported
through pedagogical strategies such as structured reflection,
digital feedback, and autonomy-supportive instruction.

Evidence from experimental and quasi-experimental
studies suggests that interventions incorporating self-
monitoring and goal-setting are associated with increased
physical activity engagement and intrinsic motivation.
Technology-supported interventions, including pedometer-
based programs and fitness applications, were also linked
to improved behavioral regulation and participation
consistency.

Several studies indicate that self-regulation functions
as more than an accompanying factor; it appears to connect
initial willingness to participate with repeatable action.
Psychological constructs such as motivation and resilience
may influence participation indirectly through regulatory
processes, suggesting that self-regulation links affective
drivers with behavioral outcomes.

More specifically, the reviewed evidence suggests that
motivation becomes behaviorally sustained when learners
are provided with regulatory supports such as goal-setting,
self-monitoring, structured feedback, and opportunities for
behavioral adjustment. In this sense, self-regulation does
not replace motivation, but converts initial willingness
into repeatable action. Some studies also suggest potential
transferability, with self-regulatory skills developed in
informal settings supporting independent engagement
beyond structured physical education environments.
Opverall, self-regulation appears to function as a stabilizing
mechanism, complementing the initiating role of non-
cognitive attributes.

Pedagogical and Social Contexts for Physical Literacy

Pedagogical and social contexts were consistently
identified as key structural factors shaping both motivational
and regulatory processes. As summarized in Table 3,
instructional design and environmental support play a
central role in influencing physical literacy outcomes.

Autonomy-supportive teaching (3/7) emerged as the
most frequently reported approach, followed by social
support (2/7) and student-centered pedagogical practices
(2/7). These approaches were associated with increased
motivation, confidence, engagement, and relatedness.

The reviewed studies indicate that autonomy-supportive
teaching practices enhance psychological need satisfaction and

Table 2. Self-Regulation as a Mechanism for Physical Literacy Development in Physical Education

Core Self- Overationalization / PL-Related
Study / Context  Regulatory Skill / perationatzation Domain / Key Finding
. Intervention
Mechanism Outcome

(Huang et al., Goal setting; self-  Cooperative learning and Behavioral Self-management strategies were
2025) / School PE  monitoring pedometer-based self- engagement; associated with increased physical

management autonomy activity engagement and greater

autonomy in PE

(Ibragimova et al.,  Self-monitoring; Fitness app-supported PA Intrinsic App-based feedback and gamification
2025) / Blended self-organization ~ program motivation; were associated with stronger
learning activity habits motivation and more consistent

(Nie et al., 2025)
/ General PA
context

(Qiu et al., 2025)/
College students

White et al. (2025)
/ Informal PA

(Brown, 2024) /
PE curriculum*

(Zhang & Yun,
2025) / Online PE

Self-control

Resilience;
persistence

Self-regulation
transfer

Self-management
skills

Self-regulated
engagement

General physical activity
participation

Regular physical exercise

Informal before-school
exercise

Curriculum-focused PE
pedagogy; SRL framework

Online gamified learning

Self-control; well-
being

physical activity habits

Physical activity was associated with
self-control, which partially explained
life satisfaction outcomes relevant to PL

Confidence; Psychological resilience mediated the
sustained relationship between physical activity
engagement and self-efficacy, supporting sustained
confidence
Confidence; Informal PA settings appeared to
independent support confidence transfer and self-
engagement directed engagement beyond PE
Lifelong PA; self-  Self-management was positioned as
management important for lifelong physical activity
Autonomy; Self-regulated engagement was
learning associated with autonomy-supportive
engagement motivation and stronger learning

engagement

Note. IPAQ-S = International Physical Activity Questionnaire (Short Form); SDT = Self-Determination Theory; SRL = Self-Regulated

Learning.
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Table 3. Pedagogical and Social Contexts Supporting Physical Literacy in Educational Settings

Pedagogical / Social PL-Related
Study / Context 808 Core Mechanism Domain / Key Finding
Context
Outcome
Behzadnia et al. Teacher autonomy Need satisfaction Motivation; Autonomy-supportive teaching was
(2025) / High- support leading to motivation  confidence associated with intrinsic motivation and
school PE stronger engagement in PE
Frikha et al. (2024) Peer and teacher Enjoyment; need Relatedness; Need satisfaction mediated the
/ Female PE support satisfaction confidence relationship between enjoyment and
students institutional integration
(Castillo-Retamal  Student-centered Goal-setting; Confidence; Goal-setting and emotional support
etal,, 2024)/ pedagogy encouragement motivation were associated with increased student
Primary school PE confidence and participation in PE
(Rech et al., Teacher beliefs Value of movement; Confidence; Teachers’ beliefs about movement
2025) / Preschool activity provision enjoyment influenced the frequency and quality of
education movement opportunities relevant to early
PL development
(Saamong et al., Sociocultural values ~ Community attitudes; Engagement; Cultural context shaped norms and
2025) / Early norms access expectations related to physical activity
childhood opportunities and PL experiences
education
(Malmstrom & School climate Motivational Confidence; Teacher self-efficacy and leadership
Oqvist, 2025) / leadership engagement climate were associated with motivational
Elementary PE environments supportive of PL
teachers
Qiuetal. (2025)/  Social support (peer/  Resilience; motivation Confidence; Social support was associated with
University PE instructor) resilience motivation and self-efficacy through

psychological resilience

Note. SDT = Self-Determination Theory; PA = Physical Activity.

intrinsic motivation, reinforcing the importance of learner-
centered environments. Positive teacher-student relationships
and supportive classroom climates were also associated with
increased engagement and confidence, highlighting the role
of social interaction in facilitating participation. Furthermore,
student-centered approaches—such as goal-setting,
personalized instruction, and reflective practices—were linked
to both motivational and self-regulatory outcomes.

These findings suggest that pedagogy does more
than support participation indirectly. Rather, it appears
to structure the conditions under which affective and
regulatory processes can operate together. In this sense,
pedagogy functions not merely as a delivery mechanism,
but as a structuring condition that shapes how motivation,
confidence, and self-regulation become behaviorally
meaningful in educational settings.

Institutional and sociocultural factors, including school
climate, teacher beliefs, and community norms, were
also identified as influencing PL development. However,
variability across contexts indicates that the effectiveness
of pedagogical strategies is contingent upon broader
environmental conditions.

Digital and Hybrid Pathways for Physical Literacy

Extending beyond traditional instructional contexts,
digital and hybrid learning environments were identified
as emerging pathways supporting physical literacy
development. As shown in Table 4, although the number of

studies remains limited, consistent patterns can be observed
across the available evidence.

The reviewed studies indicate that digital tools may
support motivation, autonomy, and self-regulated engagement,
particularly through features such as feedback, gamification,
and activity tracking. Fitness applications and structured digital
interventions were associated with increased engagement and
more consistent participation behaviors.

Hybrid and online learning models were also linked
to greater flexibility and opportunities for self-directed
participation. These environments appear to facilitate self-
monitoring and behavioral regulation, consistent with
principles of self-regulated learning.

The reviewed evidence suggests that digital tools are
most valuable when they extend pedagogical structure rather
than act as independent interventions. Their contribution
appears to lie in scaffolding monitoring, feedback, and
continuity of participation rather than directly producing
physical literacy outcomes on their own. Accordingly, the
effectiveness of digital approaches depended on pedagogical
alignment. Without structured guidance, digital tools alone
were insufficient to sustain engagement, indicating that
digital environments function more effectively as supporting
mechanisms than as independent drivers of physical literacy.

Discussion

This systematic review provides a mechanism-based
synthesis of how non-cognitive attributes and self-regulatory
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Table 4. Digital and Hybrid Pathways Supporting Physical Literacy

o o - PL-Related
Study / Context Digital / Hybrid Core Dlgltal Domain / Key Finding
Strategy Mechanism
Outcome
(Zhang & Yun, Gamified online  Self-regulated Motivation; Gamified platforms were associated with
2025)/ Online PE PE engagement; autonomy self-regulated engagement and stronger
autonomy support intrinsic motivation
Brown (2024) / Online Digital-to-physical Self-management;  Digital curriculum design was positioned
Conceptual* curriculum design integration lifelong PA as supporting self-management and lifelong
physical activity
Ibragimova Fitness app Gamification; Intrinsic Fitness app use was associated with stronger
etal. (2025) / program feedback loops motivation; motivation and habit formation relevant
Experimental engagement to PL
Nie et al. (2025) Behavioral Self-control Self-control; Self-control mediated the relationship
/ Digital PA feedback; affect mediation satisfaction between physical activity and life
participation tracking satisfaction, with implications for digitally

supported participation

processes interact to shape physical literacy (PL) outcomes
within educational contexts. Across the included studies, a
consistent pattern emerges in which motivational constructs
and self-regulatory mechanisms function as interdependent
processes rather than independent predictors of physical
activity engagement. This integrative pattern reflects the
dynamic interaction between affective readiness, behavioral
regulation, and contextual support observed across diverse
learning environments (Huang et al., 2025; Ibragimova et al.,
2025; Qiu et al., 2025).

A central contribution of this review liesin the refinement
of a dual-process conceptualization of physical literacy. The
findings indicate that non-cognitive attributes—particularly
motivation, confidence, and self-efficacy—function
as initiators of engagement, establishing the affective
readiness required for participation. However, sustained
participation is more consistently associated with self-
regulatory processes such as goal-setting, self-monitoring,
and behavioral adjustment. This distinction indicates that
physical literacy development cannot be fully explained by
affective readiness alone, but requires regulatory processes
that enable behavioral continuity over time (Huang et al.,
2025; Ibragimova et al., 2025).

Importantly, the findings clarify the mechanism
underlying this relationship. Rather than functioning as
parallel predictors, self-regulation operates as a bridging
and stabilizing mechanism that connects psychological
readiness with sustained behavioral engagement. In practical
terms, this process reflects a sequence in which motivation
facilitates intention formation, self-regulation structures
behavior through monitoring and feedback, and sustained
participation emerges through repeated and regulated
action. Evidence across the reviewed studies indicates that
individuals with higher levels of self-efficacy and intrinsic
motivation are more likely to initiate physical activity;
however, continued engagement depends on the presence
of structured regulatory supports, including monitoring,
feedback, and behavioral adjustment (Huang et al., 2025;
Ibragimova et al., 2025). Furthermore, resilience-related
constructs have been shown to mediate the relationship
between participation and confidence, reinforcing the
role of regulatory processes in maintaining behavioral

consistency (Qiu et al., 2025). Taken together, these findings
demonstrate that self-regulation is not merely supportive,
but is essential in transforming initial engagement into
sustained participation.

From a theoretical perspective, these findings reinforce
the view that motivational and self-regulatory processes
should be understood as interdependent components within
the physical literacy framework. Evidence from the reviewed
studies indicates that autonomy-supportive environments
are associated with enhanced motivation and psychological
need satisfaction (Behzadnia et al., 2025; Frikha et al.,
2024), while self-efficacy and regulatory skills contribute to
sustained behavioral engagement (Khairani & Zhang, 2025).
Rather than functioning as separate explanatory domains,
these processes operate in a complementary manner, jointly
supporting both the initiation and maintenance of physical
activity behavior.

The role of pedagogical and social contexts further
strengthens this integrative interpretation. Evidence
indicates that autonomy-supportive and student-centered
instructional approaches are consistently associated
with enhanced motivation, confidence, and engagement
(Behzadnia et al., 2025; Castillo-Retamal et al., 2024).
Similarly, supportive classroom climates and teacher-related
factors facilitate both affective and behavioral dimensions
of participation (Malmstrom & Oqvist, 2025; Pavlovic
et al., 2025). This positions pedagogy not merely as a
contextual influence, but as a critical structuring condition
that determines whether psychological processes can be
translated into observable and sustained behavior.

At the same time, the findings highlight the importance
of contextual variability. Differences across educational
levels, age groups, and learning environments indicate that
the interaction between motivation and self-regulation is not
uniform. Emotional and social constructs such as enjoyment,
belonging, and well-being appear to play a more prominent
role in informal and primary contexts (White et al., 2025;
Cashman et al., 2025), whereas structured regulatory
strategies are more evident in formal instructional settings
(Huang et al., 2025). This suggests that physical literacy
development is shaped by context-dependent interactions
rather than fixed or universal relationships.
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The emergence of digital and hybrid learning environments
introduces an additional layer to this interaction. The reviewed
studies indicate that digital tools—such as fitness applications
and gamified platforms—can support motivation, self-
monitoring, and engagement (Ibragimova et al., 2025; Zhang &
Yun, 2025). However, these findings indicate that digital tools
are not primary drivers of physical literacy, but are effective
when they extend regulatory and pedagogical structures that
support sustained engagement. Without such alignment, their
contribution remains limited, highlighting that technology
alone is insufficient without pedagogically grounded
implementation.

Despite these contributions, several limitations of
this review should be acknowledged. Variability in the
operationalization and measurement of key constructs limits
comparability across studies, while the predominance of
cross-sectional and short-term designs restricts conclusions
regarding long-term development. Differences in cultural
and educational contexts may also limit generalizability.
These limitations indicate the need for future research to
adopt longitudinal and intervention-based designs that
better capture the dynamic interaction between motivation
and self-regulation over time.

From a practical perspective, the findings underscore the
importance of designing physical education programs that
explicitlyintegratemotivationalandself-regulatory components.
Strategies such as structured goal-setting, reflective practices,
autonomy-supportive instruction, and digitally supported
self-monitoring should be embedded within curriculum
design rather than implemented as isolated interventions. This
integrated approach enables the simultaneous development of
engagement and behavioral persistence.

Conclusions

Physical literacy development is best explained through
a dual-process model in which motivation, confidence,
and self-efficacy initiate participation, while self-regulatory
processes sustain long-term engagement.

Self-regulation functions as a key bridging mechanism
that transforms initial readiness for participation into stable
and repeated physical activity behavior.

Pedagogically supportive environments, particularly
autonomy-supportive and student-centered approaches,
strengthen both motivational and behavioral dimensions of
physical literacy.

Digital tools can enhance engagement and self-
monitoring, but their effectiveness depends on integration
with sound pedagogical and regulatory frameworks.

Future research should prioritize longitudinal and
intervention-based designs to better explain how motivation
and self-regulation interact across diverse educational
contexts over time.
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Big moTtuBauil 4o CTINKOI 3any4eHOCTi: ABONpoLecHa moaenb
camoperynsauii y ¢pisnuHin rpamotHocTi. CucrematnuHum ornag

®dika Hypaini Pycmitaninrix'A**%, Amynr Ma’myn'4BPE, Tite
Mxymiantine'**PE, Cyninro'APE, Ypaii I'ycrian?ABCPE

"YuiBepcurer ocBitu IHpoHe3i1
*YuiBepcurer TaHmKyHTIIIypa

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

Pedepar. Crarrsa: 8 c., 4 Tabm., 1 puc., 31 mxeperno.

O6rpynryBanHsa. ®isnuna rpamotHicTs (PL) cTana neHTpanbHIM pe3yIbTaToM cydacHol GpisndHOI OCBiTH, BifoOpaxkanun
Hepexif; 0 LiNiCHUX MiAXOAIB, 110 iHTerpyTh (i3WIHMIL, KOTHITUBHUI Ta adeKTUBHMII KOMIIOHeHTH. OfHAK HasIBHI JOCTI/KeH-
Hs1 9aCTO PO3I/IAAAIOTh MOTHBAIIIIHI T TOBEAIHKOBI YMHHUKY 130/IbOBAHO, 1[0 0OMEXXY€E PO3YMiHHS TOTO, SIK GPOPMYETHCS CTajIe
3ajTy4eHHst 10 Pi3NIHOI AKTUBHOCTI.

Mera. Lle gocnifkeHHA Ma€ Ha MeTi HaJjaTV TeMAaTUIHO OOIPYHTOBAHMII CMHTE3 TOTO, IK HEeKOTHITHBHI XapaKTepUCTUKA Ta
IIpOLIeCH CaMOPeTy/ISLii B3aEMOJII0TH Y pOpMyBaHHI pe3y/IbTaTiB (i3MIHOI IPaMOTHOCTI B OCBITHIX KOHTEKCTaX.

Marepianu i Mmerogu. CrucTeMaTU4Hu orAx Oy1o IpoBefeHO BIifMOBifHO Ko pekoMeHpaniit PRISMA 2020. JlitepaTtypy
BizibpaHo 3 6a3 manux Scopus Ta Web of Science 3a momepesHbo Br3HaYeHMMY KPUTEPIAMU ITOUIYKY. 3araoM 36 HOCIi/KeHb
BifIIOBifja/my KpUTepisAM BKIIOYEHH: Ta OY/IM IpOaHaTi30BaHi METO/{OM TEMAaTIYHOTO CUHTE3Y.

Pesynprarn. BusHaueHo oTvpy Kmo4dosi Temn: (1) HeKOTHITVMBHI ocHOBM, (2) MexaHisMu camoperynanii, (3) megarorivni
Ta coljia/ibHi KOHTEKCTH, (4) 11dpoBi Ta ribpuaHi TpaekTopii HaBYaHH:A. PesyIbraTy CBif4aTh PO CTIMIKY 3aKOHOMIPHICTB, 3a
SIKOi HEKOTHITMBHI XapaKTepUCTUKM — HacaMIlepes; MOTUBALlisl, YIIeBHEHICTD i caMoe()eKTUBHICTh — BUCTYIAIOTH iHilllaTopamMu
3a/Iy4eHHs, TOAi AK CTiJiKa y4acTh MiATPUMYETHCs IMPOLECAMI CaMOPETY/IALL, TAKMMU AK IOCTAaHOBKA IiijIell, CAMOKOHTPOIb i
HoBefiHKOBe KopuryBaHHA. 1]i mpoljecu 3abesnedyioTh Iepexi Bifi T0YaTKOBOTO HaMipy #o 6iblr cTabinbHOI yYacTi 3 4acoMm.
Kpim Toro, negaroriysi ta 1mnppoBi KOHTEKCTM BIUIMBAIOTb HA Iiell 3B’A30K, CTPYKTYPYIOUM Ta HiATPUMYIOUYM B3a€EMOJII0 MiX
MOTMBALIIHMMU 11 PETYIATOPHUMM IIPOLIECAMM.

BucHosku. Otpumani pesynpraru migrpumyiors dual-process perspective, 3rifHO 3 SIKOI0 MOTMBALIiA iHillI0€ 3a/y4eHHs, a
CaMOPpETY/IALiA cTabinidye moBefiHky 3 yacoM. Lle mocmimkeHHs pOOUTh BHECOK Y MOSACHEHHS TOTO, AK 3aly4eHHS A0 Pi3WIHOi
AKTVMBHOCTI MOXXe SIK {HIIIIOBAaTICSI, TaK i MiITPUMYBATICSI, CTBOPIOIOYI OCHOBY [/IsI po3pobiieHHsI porpam GismdHOI OCBITH, IO
IHTETPYIOTh PO3BUTOK MOTHMBAIIil Ta CAMOPETYIALL.

KnrouoBi cnoBa: q)isqua IPaMOTHICTb, CAMOPETY/IALIisA, MOTUBALLis, (biquHa OCBiTa, CMCTEMAaTUYHMII OITIAM, 3a/Ty4eHiCTh
CTYAEHTIB, HnppoBe HABYAHHA.
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Abstract

Background. Continuing professional development (CPD) plays a critical role in improving teaching quality in
physical education (PE); however, its effectiveness remains uneven and highly context-dependent.

Objectives. This study aims to systematically examine the forms of implementation, outcomes, and impacts of CPD
in PE, while providing a more integrated understanding of how CPD functions as a professional learning process.
Materials and Methods. A systematic literature review was conducted in accordance with PRISMA guidelines,
identifying 30 empirical studies published between 2015 and 2025 across major academic databases. Data were
analyzed using thematic synthesis to identify patterns in implementation, duration, and outcomes.

Results. The findings indicate that CPD in PE is implemented through diverse models, including workshops,
professional learning communities, and practice-based collaborative approaches. However, effectiveness is not
determined solely by format or duration, but by the extent to which CPD fosters sustained engagement, reflective
practice, and contextual relevance. CPD contributes to improvements in teachers’ pedagogical knowledge,
instructional practices, self-efficacy, and professional identity. Evidence of impact at the student and institutional
levels suggests enhanced engagement, inclusivity, and learning environments, although these effects are indirect and

mediated by implementation conditions.

Conclusions. CPD in PE should be understood as a dynamic, multi-level professional learning process shaped
by interactions among individual, social, and institutional factors. These findings highlight the need for context-
responsive and sustainable CPD designs that support meaningful pedagogical transformation.

Keywords: continuing professional development, physical education, teacher learning, pedagogical transformation.

Introduction

The role of the PE teacher has expanded beyond physical
fitness to include a variety of skills, but has encompassed
emotional intelligence, social skills, and cognitive
development. PE involves a high level of behavioral
interaction, educates students about morality, and facilitates
certain prosocial behaviors, which are considered important
goals of physical education (Wei et al., 2020). Therefore,

© Ilmawati, H., Juliantine, T., Mahendra, A., Sucipto, S., &
Gustian, U., 2026.

@ PETM
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strategic pedagogy in PE teaching is necessary to support
students' holistic development. Hence, PE teaching should
be implemented in a harmonious manner, providing positive
sporting experiences, stimulating interest, and encouraging
goal achievement (Guangxin et al.,, 2022). In addition,
teaching in PE provides opportunities for students to achieve
success, set expectations and build respectful relationships,
thus strengthening life skills (Pozo et al., 2016).

Success in teaching PE relies significantly on the
teacher taking an active role in the classroom, using
direct and indirect behaviors and dialogue to support and
extend learning (Goodyear & Dudley, 2015). In addition,
the teacher is also the determinant of the success of the
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implementation of a model or theoretical construction in
achieving teaching objectives (Casey et al., 2021). However,
PE educators continue to face challenges in interpreting and
applying the learning model in practice. A notable example
is the challenge educators face in operationalizing the game-
based approach within classroom settings (Goodyear, 2017).
Teachers have limited pedagogical understanding, leading to
deviations from the teaching practices recommended by the
curriculum (Roshid & Haider, 2024). Furthermore, teachers
find it difficult to change teaching methods that have already
become habitual (Casey & MacPhail, 2018) and less skilled
in keeping up with technological advances and collaborating
with peers (Bodsworth & Goodyear, 2017).

Moreover, the teaching carried out by teachers is often
driven not only by their understanding of the intricacies
or effectiveness of the learning model, but also by
encouragement from the principal and students (Cereda,
2023; Malinowski et al., 2024). Therefore, teacher training is
needed as well as a concerted effort by researchers to create
more scientific evidence based on classroom applications
(Hernando-Garijo et al., 2021). The need for teacher training
is reinforced by the study from (Casey & Bjorke, 2024)
which highlights the importance of supporting frameworks
for teachers in implementing pedagogical models focused
on continuous learning and collaboration. In addition,
strengthening pedagogical content knowledge is essential
for teachers to be able to implement learning effectively
(Iserbyt et al., 2017). For this reason, it is very important to
develop teacher professionalism.

CPD allows for change through a sustainable community
of practice (Kahts-Kramer & Wood, 2023). This can broaden
teachers' understanding of inclusive pedagogy (Makopoulou
et al., 2022) and improve knowledge and practice related to
physical literacy (Edwards et al., 2019). CPD encourages
teachers to apply teaching principles effectively by setting
clear learning outcomes, differentiation and inclusion
(Morgan et al., 2019). Despite the promising results of CPD,
research shows that the effectiveness of these programs may
vary depending on several factors, including the quality of
the content, the level of teacher engagement, and the specific
context in which the program is implemented (You et al,,
2024). Therefore, continuous evaluation and improvement
of CPD programs is essential to ensure that programs
remain relevant and impactful. Further research is needed
to understand the impact of CPD on teacher retention and
the education system more widely, as well as to identify best
practices for delivering CPD in different education settings
(Tinning, 2020). Thus, an investigation into previous
studies is needed to uncover the implementation of CPD in
developing PE teachers' competencies.

Several studies have been conducted to investigate the
application of CPD to improve teachers' teaching quality.
Ambon et al. (2024) reviewed twenty-four articles related to
theimpactof CPD onthe quality of teacher teachingin general.
Further, AI-Omary et al. (2024) has reviewed thirteen articles
relating to health professionals implementing their learning
from CPD activities. Solomon, et, al. (Solomon et al., 2023)
reviewed thirty-five articles related to conceptualization and
related trends in staff CPD in higher education. Besides that,
Parker et al (Parker et al., 2021) conducted an overview of
95 studies related to Learning Communities (LC) in physical
education for professional development between 1990 and

2020. Based on these studies, the investigation related to
CPD has covered many areas. However, this body of work
remains conceptually fragmented, often emphasizing
isolated aspects of CPD, such as program design or teacher
outcomes, without offering an integrated understanding
of how CPD operates as a complex, context-dependent
professional learning process. Unlike other disciplines, PE
teaching demands physical demonstration, interpersonal
adaptability, and integration of social-emotional learning
into movement activities (Goodyear & Dudley, 2015; Casey
et al., 2021). Therefore, a dedicated synthesis is needed to
understand how CPD programs are designed, delivered,
and evaluated to meet these challenges. Furthermore, with
global educational systems emphasizing inclusive, student-
centered, and model-based pedagogies, understanding how
CPD supports PE teachers in adapting to these demands
remains underexplored.

In response to these gaps, a systematic review is needed
that moves beyond program description to critically synthesize
the types of CPD programs implemented, their pedagogical
mechanisms, and their broader impacts on teaching and
learning in PE. Such an approach can inform the development
of contextually grounded, collaborative, and reflective
professional learning frameworks that are more responsive
to the unique demands of PE. This systematic review aims to
map the forms of CPD implementation in physical education,
analyze the impact of the program on teachers and students,
and identify methodological and conceptual gaps in the existing
literature. The focus of this review is not only on the description
of CPD interventions, but also on the mechanisms by which
CPD contributes to the development of professional identity,
teacher agency, and the improvement of the quality of student
learning experiences in the context of the unique, movement-

based pedagogy of PE.

Materials and Methods

Search Strategy

A systematic literature review was conducted to identify
empirical studies on the implementation of CPD programs
for PE Teachers. In this systematic review emphasizes
the systematic search process supported by three main
steps: identification, screening, and eligibility, which aid
researchers in conducting comprehensive article searches
(Page et al., 2021). The search approach was designed to
ensure comprehensiveness, reproducibility, and alignment
with the review’s objectives. Four online databases were
selected for their relevance and comprehensiveness in the
fields of education and sport pedagogy research: Scopus,
Web of Science (WoS), ERIC, and EBSCOhost. The
search, undertaken on 18 October 2025, was restricted to
papers from 2015 to September 2025 to encompass recent
advancements in CPD research.

The search query was built using Boolean operators and
terms relevant to CPD and physical education. The ultimate
search string utilized across databases was as follows:
(“continuing professional development” OR “professional
learning community” OR “teacher development” OR
“continuous teacher learning”) AND (“physical education”).
The search in Scopus is performed on documents by
examining titles, abstracts, and keywords. Subsequently, in
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the WoS database, the search emphasises the pertinence of the
study topic to the employed query. A search was performed
in the EBSCOHost database within the available column,
focusing on job compatibility. A search was conducted in the
ERIC database using the search column to identify relevant
educational resources. These criteria were used to ensure the
sensitivity and specificity of the results.

Criteria for Inclusion and Selection of Studies

In compliance with PRISMA 2020 recommendations,
this study used a structured, fully operationalized screening
technique to ensure methodological rigor and transparency
in the review process. The following criteria were established
for inclusion: (a) studies that included in-service physical
education (PE) teachers as participants; (b) studies that
implemented a continuous professional development
(CPD) intervention; (c) studies that specifically looked at
how CPD affected pedagogical practices, teaching quality,
teacher-related outcomes, or student learning outcomes;
(d) empirical research designs, such as experimental, quasi-
experimental, or action research; (e) articles published in
peer-reviewed journals; (f) publications from September
2025; and (g) articles written in English.

The following criteria were used for exclusion: (a) studies
that did not include PE teachers (e.g., general education
contexts or other disciplines); (b) studies that did not
include a CPD intervention component; (c) non-empirical
publications (e.g., reviews, conceptual papers, editorials); (d)
studies that were not published in peer-reviewed journals;
and (e) articles that were not in their final published form.
To ensure methodological traceability throughout the
evaluation, the research selection procedure consisted
of three consecutive steps: identification, screening, and
eligibility assessment. A total of 699 entries were found
through database searches during the identification phase.
The dataset was then modified for screening after 233
duplicate records were eliminated.

Titles and abstracts were methodically assessed during
the screening phase using the predetermined inclusion
and exclusion criteria. At this point, studies that blatantly
failed to satisfy the population, intervention, or study design
requirements were eliminated. Full-text papers were then
thoroughly evaluated in the eligibility step. After full-text
review, 153 articles were excluded because they met at least
one of the exclusion criteria. Furthermore, 283 papers were
excluded for failing to meet the review’s inclusion criteria.
Thirty papers were included in the final qualitative synthesis
after the selection procedure.

Procedures and Instruments

This research was qualitatively synthesised by two
reviewers, focusing on the essential aspects of the studies:
authors and year, location, sample size, intervention (kind,
length, context, and format), and primary outcomes, adopted
from (Taheri & Welsh, 2015). All included research were
rigorously analysed according to these identified criteria.
The topic synthesis in this study was executed systematically
and aligned with the study objectives to achieve analytical
rigour. The results from this analyse are discussed by all
authors in accordance with the objectives of the paper.

This systematic review assesses the risk of bias in each
study that has an assessment process. This decision was
made because risk of bias (RoB) assessment is a key step
in ensuring that the results of a systematic review or meta-
analysis are truly reliable and not influenced by systematic
errors. The RoB assessment uses the Cochrane Handbook
for Systematic Reviews of Interventions guidelines (Boutron
et al., 2019). This systematic review assessed the quality
of the included studies based on the five main domains of
ROBINS-, i.e., selection bias, performance/intervention
bias, outcome measurement bias, reporting bias, and
conclusion bias. Each domain was assessed using the
categories low risk of bias (+), uncertainty or unclear (?), and
high risk of bias (-). A study is considered to have a low risk
of bias if all domains are assessed as low risk or if there is one
item assessed as high risk or uncertain. A study is considered
to have a moderate risk of bias if two domains are assessed as
high risk or if the risk of bias cannot be determined. Finally,
a study is considered to have a high risk of bias if more than
two domains are assessed as high risk.

'
Records identified  Through
5 Databases searching (n = 699)
o
: ]
2
Records after duplicate check and
removed (n = 233)
—
—

l Records excluded because they

Article sought for retrieval (n = met at least one of the exclusion
466) criteria (n=153) .

!

Artikel assessed for eligibility (n
) =313)

A }

Studies included in review (n

Screening

excluded with reason failing to
——| meet the review's inclusion
criteria (n=283)

Included

=30)
Fig. 1. Study selection flow diagram

Results

Risk of Bias Assessment

The results of the risk of bias assessment for the 30 studies
are presented in Table 1. The risk of bias assessment shows
that the majority of studies have a low to moderate risk of
bias. Selection bias is the most common domain, mainly due
to the use of purposive sampling and voluntary participation
in the context of educational research. Most of the studies
showed consistent implementation of interventions, use
of standardized instruments, transparent reporting, and
conclusions that were in line with the objectives. There
were no indications of serious bias or selective reporting.
Therefore, the overall methodological quality of the included
studies was deemed adequate to support the thematic
synthesis in this study.
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Table 1. List of included studies with risk of bias result

Selection Bias

AT e S (Randomisation)

Intervention Bias Measurement Bias Reporting Bias

Conclusion Bias

Hemphill et al. (2015) -
Miller et al. (2015) +
Garcia-Calvo et al. (2016) -
Braga et al. (2017) -

Gore et al. (2017) +
Miller et al. (2017) +
Makopoulou (2018) ?
Sum et al. (2018) -
Hiintik et al. (2019) ?
Morgan et al. (2019) +
Makopoulou et al. (2021) ?
Peralta et al. (2020) +
Gongalves et al. (2021) ?
Sum et al., (2022) ?
Deng et al. (2022) -
Gongalves et al. (2022) +
Gongalves et al. (2022) ?
Muarifin et al. (2022) +
Bjorke et al. (2023) +

Ferreira et al. (2023) -
Kahts-Kramer & Wood (2023) -

+ 4+ + F o+ o+ o+ o+ A+ o+ o+ o+ o+ o+ o+ o+ o+ o+ o+ o+ + o+

+ o+ o+

-~

+oF o+ F o+ 4+ 4+ 4+ + 4+ 4+ o+ o+ A+ o+ A+ o+ + o+ o+ o+ o+ o+
FoF o+ F o+ 4+ 4+ 4+ + 4+ o+ o+ o+ A+ o+ A+ o+ A+ o+ 4+ o+ + o+ o+ o+

+ + 4+ + + + + + + + + o+ A+ o+ o+ o+ + o+ o+ o+ o+ o+

Lee et al. (2023) ?

Colburn et al. (2024) ?

Latino et al. (2024) -

Yoon et al. (2024) ? -

Beddoes et al. (2025) ? +

Marcelino (2025) +

Milton et al. (2025) ? +

Ni Chréinin et al. (2025) ? +

Findings Overview has been implemented both as a micro-intervention focused

The 30 studies (see table 2) that advanced to the final
selection stage demonstrate that the implementation of
Continuous Professional Development (CPD) in physical
education occurs across diverse national and institutional
contexts, including the United States, Australia, Spain,
England, Hong Kong, Turkey, Brazil, Indonesia, Norway,
South Africa, South Korea, Italy, Portugal, Ireland, and
Wales. This geographical distribution suggests that the
focus on continuing professional development for physical
education instructors is a global concern, rather than a
phenomenon confined to a particular school system. The
evaluated studies exhibit considerable variability from
the participants’ perspective, ranging from small-scale
investigations involving 3-10 teachers to extensive programs
involving hundreds of teachers and thousands of students.
Some studies not only concentrate on educators but also link
CPD to student results. This variation shows that CPD in PE

on deeply changing teacher practices and as a systemic
intervention aimed at strengthening pedagogical capacity
across schools.

Implementation’s Form and Structure

The review findings indicate that CPD implementation
in physical education is not uniform but rather encompasses
a diverse array of methods. On the one hand, there exist
structured, course-oriented programs, such as short-
course CPD in inclusive physical education, that aim
to enhance awareness and self-efficacy within a brief
timeframe (Makopoulou, 2018; Makopoulou et al., 2021)
day-long courses or workshops features prominently in
teachers’ continuing professional development (CPD.
Conversely, the majority of research indicates the adoption
of more collaborative and sustainable frameworks, including
professional learning communities (PLC), communities of
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practice (CoP), lesson study, video-based CPD, participatory
action research, critical action learning, and student voice-
driven methodologies (Gore et al., 2017; Peralta et al., 2020;
Ferreira et al., 2023; Colburn et al., 2024).

These studies consistently indicate a transition from
a unilateral training model to a professional learning
approach that is social, reflective, and practice-oriented.
Initiatives such as PLUNGE and QTR prioritize reflection
and peer observation as fundamental components of
learning (Miller et al., 2015, 2017), whereas CoP and
PLC serve as collaborative environments for addressing
practical challenges and collectively enhancing pedagogical
knowledge (Hiiniik et al., 2019; Gongalves et al., 2021). The
implementation of CPD in PE demonstrates a pronounced
inclination towards a model that regards teachers as active
participants in the professional learning process.

Program Duration and Intensity

The examined papers indicate considerable disparity in
the length of CPD implementation. Short-term programs
range from one day to several weeks, including one-day
short-course CPD (Makopoulou, 2018) or collaborative
workshops spanning 3-5 weeks (Miller et al., 2015; Braga
et al.,, 2017). Concurrently, other programs operate over
a medium to long duration, spanning several months to
over a year, and perhaps extending to a decade within the
framework of sustainable professional communities (Yoon
et al., 2024; Beddoes et al., 2025).

Short-term programs typically result in initial
enhancements in knowledge, awareness, and self-efficacy
(Morgan et al., 2019), while long-term programs are
more frequently associated with profound pedagogical
transformations, the establishment of professional
communities, and the sustainability of collaborative
practices (Deng et al., 2022; Bjorke et al., 2023; Lee et al,,
2023). Nevertheless, numerous studies suggest that an
extended length does not inherently ensure effectiveness,
particularly in the absence of program modifications and
sufficient support systems (Yoon et al., 2024). Consequently,
time seems to be a significant aspect, albeit not the sole
driver of CPD success.

Output at the Teacher Level

The results reveal that the effects of CPD at the teacher
level can be categorized into several primary domains:
enhancement of pedagogical competence, augmentation of
self-efficacyand confidence, alterationsin pedagogical beliefs,
advancement of professional reflection, and reinforcement of
teacher identity and agency. In the educational domain, CPD
promotes a transition from conventional methodologies to
more student-centered, inquiry-driven, and game-oriented
methods. The adoption of PLUNGE (Miller et al., 2015) and
programs focused on physical literacy and life skills (Sum et
al., 2018; Sum et al., 2022)there remains limited empirical
evidence for the effect of teacher participation in CPD on
student learning outcomes. In light of this void, the purpose
of this study was to examine the influence of an eight-
month PE-CPD program on students’ perceived physical
literacy, motivation and enjoyment of physical education. A
randomized control trial design was used to assign a sample

of 65 physical education teachers from Hong Kong to the
CPD and control intervention groups. Students’ (n = 1,485
enhances teachers’ capacity to create more relevant and
contextualized learning experiences.

Numerous studies indicate an enhancement in teachers’
self-efficacy, confidence, and perceived competence in
the psychological-professional domain (Braga et al.,
2017; Peralta et al., 2020; Latino et al., 2024)including
enhanced cardiorespiratory endurance, improved academic
performance, augmented cognitive functioning, as well as
advancements in social and psychological well-being. Given
that students participate in schooling for up to 200 days
per annum, physical education (PE. Furthermore, CPD is
linked to enhanced teacher agency, including the capacity to
spearhead professional development, foster collaboration,
and champion improvements in practice (Morgan et al.,
2019; Gongalves et al., 2022; Gongalves et al., 2022; Kahts-
Kramer et al.,, 2022; Ni Chroéinin et al., 2025). This finding
shows that CPD not only improves technical skills but also
changes broader professional dimensions.

Impact on Students and the Learning Environment

The quality of the learning environment and the
impact on pupils are also highlighted in several studies
in this review, despite the primary focus of CPD being on
teachers. The study by Studies by Sum et al. (2018) and Sum
et al. (2022)there remains limited empirical evidence for the
effect of teacher participation in CPD on student learning
outcomes. In light of this void, the purpose of this study
was to examine the influence of an eight-month PE-CPD
program on students’ perceived physical literacy, motivation
and enjoyment of physical education. A randomized control
trial design was used to assign a sample of 65 physical
education teachers from Hong Kong to the CPD and
control intervention groups. Students’ (n = 1,485 showed
that CPD is related to increased motivation, participation,
and student engagement. Marcelino (2025)misaligning with
contemporary educational paradigms prioritising holistic
student development. This study examined the impact of a
professional developmentintervention on classroom climates
in PE, focusing on learning- and performance-oriented
climates fostered by teachers and peers. Using a difference-
in-differences approach with ordinary least squares
regression models, data from 588 students across 43 classes
in 12 Portuguese schools were analysed. The intervention
involved a 25-h continuing professional development (CPD
study indicates that student-centered CPD programs are
associated with improvements in the learning environment
and students’ intrinsic motivation. Latino et al. (2024)
including enhanced cardiorespiratory endurance, improved
academic performance, augmented cognitive functioning,
as well as advancements in social and psychological well-
being. Given that students participate in schooling for up
to 200 days per annum, physical education (PE indicated
that CPD for PE teachers affects the physiological and
cognitive health of school-aged children. These findings
indicate that CPD in PE contributes to improvements in
students’ learning experiences, particularly through changes
in teachers” pedagogical practices. Thus, the impact of CPD
on students occurs indirectly through the transformation of
learning design and classroom interactions.
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Institutional Impact and Pedagogical Reform

In addition to instructors and students, the review findings
indicate that certain types of CPD influence the institutional
level. The QTR study indicates improvements in teaching
quality, morale, and professional recognition within schools
(Gore et al., 2017). Beddoes et al. (2025) demonstrate that
district-wide PLCs enhance content understanding, teamwork,
and curriculum coherence among schools. Research in Brazil
indicates CoPs and PLCs function as educational platforms for
educators while also facilitating collective efforts to promote
improved working conditions and foster professional solidarity
in challenging circumstances (Gongalves et al., 2021; Gongalves
etal., 2022; Gongalves et al., 2022).

Discussion

The findings of this comprehensive literature review
suggest that CPD in physical education should not be
viewed as a homogeneous, technical training intervention,
but rather as a multifaceted, contextual, and relational
professional learning process. These data suggest that CPD
is more precisely characterized as an ecology of professional
learning established by the interplay of practice, reflection,
cooperation, and institutional support. Nonetheless, these
findings should not be construed solely as a modification
in format, but rather as a transformation in the mechanics
of professional learning. This conclusion is corroborated
by a study by Altun & Yucel-Toy (2023) demonstrating
that collaborative and reflective continuing professional
development engenders improvements that signify a
substantial transformation in professional comprehension,
rather than only a modification in training format.

The subsequent finding regarding program duration
indicates that time is not a definitive factor in CPD’s efficacy.
While long-term initiatives are sometimes linked to profound
instructional transformations, they require integration with
practice, ongoing reflection cycles, and institutional backing.
According to Liebech- Lien et al. (2023), CPD programs must
prioritize collaboration, reflection, and support structures
rather than duration. The study conducted by Ventista & Brown
(2023)the emergence of the school as learning organisation is
vital. In this context, the aim of this systematic review was to
explore what comprises effective professional development for
educators: i.e. what forms of teacher professional development
definitively lead to positive outcomes for students? A total of
125 studies were reviewed as part of the study; however only
11 studies with experimental or quasi-experimental design
examined impact on students’ learning. Analysis of these
studies suggest that training, ongoing coaching, collaborative
Continuous Professional Development (CPD further asserts
that the efficacy of CPD depends on ongoing advancement,
collaboration, and integration into the educational framework,
rather than solely on the duration of participation. Nonetheless,
it is crucial to acknowledge that the existing research does
not clearly establish a consistent causal relationship between
duration and effectiveness. Consequently, any interpretation of
the importance of duration must be undertaken with prudence,
considering additional elements such as practical integration
and contextual support.

Moreover, this review’s results demonstrate that CPD
in PE enhances pedagogical competency and facilitates the

reformation of teachers’ professional identities. Several studies
have indicated a transformation in educators’ educational
convictions and instructional methodologies. These data
indicate that CPD influences not just technical dimensions but
also instructors’ comprehension and execution of pedagogy.
The transition from conventional methods to more student-
centered, inquiry-based, or experiential practices indicates
that educators are altering not only their actions but also their
comprehension of the objectives of PE. Study on meaningful
physical education (Fletcher et al., 2021) and the transition
from performance to learning orientation (Beni, 2017) suggests
that CPD influences the reformation of teachers’ pedagogical
frameworks. However, changes in deeper dimensions, such
as professional identity, are still limited to a small number of
studies; therefore, any generalization of these findings must be
made with due caution.

The review findings indicate that participatory CPD
programs offer additional opportunities for teachers’ active
engagement in the professional development process. In
addition to identification, this analysis highlights that teacher
agency is a crucial factor in the efficacy of CPD. This finding
is supported by the study by Zhang et al. (2024), which
demonstrates that educators’ proactive involvement strongly
predicts CPD outcomes. Moreover, McMillan et al. (2016)
emphasize the importance of active engagement rather than
passive reception for educators to think, interrogate, and
incorporate theory into practice. Consequently, it indicates
that teachers’ active participation is a pivotal factor in
enhancing the efficacy of CPD, but the degree of its impact
may vary across contexts.

Numerous studies have documented the influence of CPD
onstudents, notably through enhanced motivation, engagement,
and the quality of the educational experience. Study by Sum et
al. (2022)there remains limited empirical evidence for the effect
of teacher participation in CPD on student learning outcomes.
In light of this void, the purpose of this study was to examine
the influence of an eight-month PE-CPD program on students’
perceived physical literacy, motivation and enjoyment of
physical education. A randomized control trial design was used
to assign a sample of 65 physical education teachers from Hong
Kong to the CPD and control intervention groups. Students’
(n = 1,485 indicates that the efficacy of physical literacy-based
pedagogy depends on instructors’ ability to incorporate it
into their instruction. Nonetheless, these results are typically
indirect and contingent upon modifications in educators’
instructional methodologies. Thus, the connection between
CPD and student learning outcomes should be perceived as a
mediated interaction, rather than a direct consequence of the
intervention.

These findings suggest that CPD in PE is most effective
when structured as a collaborative, reflective, contextual,
and institutionally endorsed learning process. Under
these circumstances, CPD not only augments pedagogical
proficiency but also cultivates professional identity,
broadens teacher agency, and elevates the quality of student
learning experiences (Ambon et al., 2024; Ncube & Ajani,
2025). Consequently, CPD must be recognized as a tool
for pedagogical reform that functions at various levels,
linking practice, reflection, professional communities, and
institutional contexts. The ramifications of these findings
suggest that the next CPD development should prioritize
designs that are connected with practice, facilitate ongoing
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reflection, and enhance teacher professional communities.
Moreover, subsequent research should prioritize
investigating change mechanisms rather than solely focusing
on outcomes to facilitate a deeper understanding of the
relationship among CPD, pedagogical practices, and student
learning experiences.

This systematic review possesses numerous
methodological flaws that warrant acknowledgment. The
included studies demonstrate significant heterogeneity
regarding research design, context, and methodological
approaches, including experimental, quasi-experimental,
qualitative, and action research studies. Although thematic
synthesis was used to address this diversity, this variability
may affect the consistency and generalisability of the
findings. The risk-of-bias assessment employed an adapted
domain-based approach to accommodate the mixed-method
nature of the evidence. While this facilitated consistent
evaluation across studies, it may lack the precision of design-
specific appraisal tools. It should be regarded as a general
indication of study quality rather than a conclusive measure
of rigor. Ultimately, potential publication bias cannot be
ruled out, as the review focused on peer-reviewed journal
papers, which may disproportionately feature research with
positive outcomes while neglecting null or negative results.
Notwithstanding these constraints, this review provides a
thorough, methodical synthesis of existing literature on CPD
in PE, offering significant insights into its implementation,
outcomes, and foundational mechanisms.

Conclusions

This systematic study indicates that CPD in PE should
not be viewed as a uniform training intervention, but as
a multifaceted, context-sensitive professional learning
process. The results indicate that CPD operates within a
dynamic ecosystem shaped by the interplay among practice,
reflection, collaboration, and institutional support. Their
structure or duration does not solely dictate the usefulness
of varied CPD formats, but rather by their capacity to foster
sustained engagement, facilitate meaningful collaboration,
and align with instructors’ pedagogical realities.

This review emphasizes the need for future research
to move beyond mere descriptive assessments of CPD
programs and focus on the fundamental mechanisms of
change. Longitudinal and multi-level studies are essential
for comprehending the impact of CPD on teaching practice,
professional identity, and student learning over time. These
initiatives will foster a more thorough, theoretically informed
understanding of CPD as a catalyst for instructional
innovation in physical education.
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Abstract

Objectives. This conceptual narrative review examines how motivation functions as a structural mechanism linking
pedagogical approaches in physical education to lifelong physical activity.

Materials and Methods. Through a selective and interpretive synthesis of theoretical and empirical literature
grounded in Self-Determination Theory (SDT) and models-based practice, this review develops an integrative

conceptual model.

Results. The synthesis demonstrates that specific features of pedagogical models (e.g., autonomy support in TGfU,
affiliation in Sport Education, and peer support in Cooperative Learning) satisfy the basic psychological needs for
autonomy, competence, and relatedness. Simultaneous satisfaction of these needs facilitates the internalization

of motivational regulation—from controlled to more autonomous forms (identified, integrated, and intrinsic
regulation)—which, in turn, promotes sustained engagement in physical activity beyond the school context. Hybrid
integrative models demonstrate greater potential because they create coherent learning environments that reinforce
these processes, whereas traditional and single-model approaches often lead only to short-term compliance and

limited behavioral transfer.

Conclusions. Transitioning toward system-oriented hybrid frameworks, with motivation positioned as a central
organizing mechanism, is essential for physical education to promote autonomous motivation and lifelong physical
activity habits. The review identifies the conditions under which this mechanism operates effectively or fails, thereby
providing a conceptual foundation for curriculum reform and future research.

Keywords: physical education, student motivation, lifelong physical activity, Self-Determination Theory, models-based
practice, hybrid pedagogical models, pedagogical integration, sport pedagogy.

Introduction

Physical inactivity remains a major global public health
challenge, with evidence consistently showing that physical
activity patterns established during school years exert a
significant influence on lifelong habits. Physical education
occupies a unique position within educational systems,
offering not only opportunities for physical development but
also a critical context for shaping students’ motivation and
long-term behavioral choices (Bailey, 2006; Kirk & Haerens,
2014).

© Alixanov, V., Salmanov, V., Talibova, L., Hasanov, N.,
Zeynalli, C., & Aliyev, S., 2026.

@ PETM
LLCOVS

Nevertheless, a persistent gap exists between the
stated goals of physical education and actual long-term
participation rates in physical activity (Telama, 2009;
Trudeau & Shephard, 2008). This discrepancy suggests
that traditional instructional approaches often fall short
in fostering the motivational foundations required for
sustained engagement beyond the school environment. This
gap indicates a need for a system-level reconceptualization
rather than incremental pedagogical adjustments.

Contemporary sport pedagogy emphasizes that the
qualityofpedagogicalinteractionsandlearningenvironments,
rather than the sheer volume of physical activity, determines
the long-term impact of physical education (Quennerstedt
et al,, 2011; Casey & MacPhail, 2018). Research grounded
in Self-Determination Theory highlights that educational
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experiences supporting autonomy, competence, and
relatedness are associated with higher intrinsic motivation
and greater likelihood of continued physical activity in
adulthood (Chen, 2014; Chatzisarantis & Hagger, 2009).
However, many school-based programs continue to rely
on teacher-centered and performance-oriented models
that prioritize short-term compliance over autonomous
motivation (Kirk, 2013; Perlman, 2012).

A critical review of the literature reveals a fundamental
fragmentation: motivational theories, pedagogical models,
and long-term behavioral outcomes are frequently examined
in isolation rather than as interconnected components of
a unified system (Hastie & Wallhead, 2016; Harvey et al,,
2020). This lack of systemic integration limits the capacity of
physical education to translate positive school experiences
into enduring physical activity habits.

The present conceptual narrative review addresses
this gap by synthesizing contemporary pedagogical and
motivational literature. Its primary aim is to explicate how
specific pedagogical models, through targeted motivational
processes rooted in Self-Determination Theory, influence
student motivation and promote (or fail to promote) lifelong
physical activity under defined conditions. Rather than
treating motivation as a peripheral outcome, this synthesis
repositions it as a structural mechanism that organizes the
relationship between learning environments, behavioral
internalization, and long-term engagement. Particular
attention is given to the potential of hybrid integrative
models that combine elements of Sport Education, Teaching
Games for Understanding, and Cooperative Learning
while embedding SDT principles. This review develops a
mechanism-based conceptual model that explains the
specific processes through which these pedagogical features
lead to (or fail to produce) lifelong physical activity under
defined conditions. Accordingly, this review explicitly
develops a mechanism-based conceptual model that
integrates pedagogical features, motivational processes, and
behavioral outcomes within a unified analytical framework.

Materials and Methods

This study is designed as a conceptual narrative review
aimed at developing a theoretical understanding and an
integrative conceptual model of the relationship between
pedagogical approaches, motivational processes, and
lifelong physical activity. It does not claim to be a systematic
review; therefore, no formal PRISMA protocol, flow
diagram, or quality appraisal of studies was applied. Instead,
the review is based on a selective and interpretive synthesis
of key theoretical and empirical literature grounded in Self-
Determination Theory (SDT) and models-based practice in
physical education.

Results

Theoretical Background and Comparative
Synthesis of Pedagogical Approaches

Physical education has evolved from a performance-
oriented discipline toward a pedagogically driven field that
emphasizes motivational and behavioral outcomes. Early
frameworks primarily focused on skill acquisition and

physical performance, whereas contemporary research
highlights the role of pedagogical processes in shaping long-
term engagement in physical activity (Bailey, 2006; Kirk &
Haerens, 2014).

Analysis of motivation-related studies demonstrates
that student engagement is strongly associated with intrinsic
motivational factors rather than external performance
pressures. Environments supporting autonomy, competence,
and relatedness lead to higher levels of participation and
persistence (Chen, 2014; Chatzisarantis & Hagger, 2009).
However, traditional teaching models continue to dominate
practice, often prioritizing control and standardized
outcomes, which negatively affect students’ motivational
responses (Perlman, 2012; Kirk, 2013).

Further analysis of pedagogical models shows that
student-centered teaching and model-based practice
significantly enhance engagement and learning outcomes
by promoting active participation, decision-making, and
personal relevance (Hastie & Wallhead, 2016; Casey &
MacPhail, 2018). Nevertheless, these models are frequently
applied in isolation, resulting in context-dependent and
inconsistent effectiveness. This fragmentation results
in limited scalability and reduced transferability across
educational contexts.

Longitudinal studies confirm that positive experiences
in physical education are associated with higher levels of
physical activity in adulthood, although such outcomes
depend heavily on pedagogical quality rather than mere
participation (Telama, 2009; Trudeau & Shephard, 2008).

Although individual pedagogical models demonstrate
positive effects on student motivation and engagement,
their isolated application results in only partial satisfaction
of basic psychological needs, leading to inconsistent long-
term outcomes. This fragmentation highlights the need for
a system-level synthesis that integrates specific pedagogical
features with motivational processes to explain not only
what works, but why and under which conditions it leads to
lifelong physical activity.

A synthesis of existing studies reveals a fundamental
fragmentation within the field: motivational theories,
pedagogical models, and long-term behavioral outcomes
are often examined separately rather than as interconnected
elements of a unified system. This lack of integration limits
the transformative potential of physical education. The
present analytical synthesis, therefore, seeks to address this
gap by examining the structural role of motivation and the
advantages of hybrid integrative models in bridging theory
and practice.

The categorization presented in Table 1 is derived from
recurring patterns identified across the reviewed studies
and reflects a comparative analytical synthesis rather than
isolated evaluation.

Conceptual Mechanism of Pedagogical Influence

The present review conceptualizes motivation as a
structural mechanism that links pedagogical approaches in
physical education to lifelong physical activity through three
specific processes: (1) specific pedagogical features of the
models shape the learning climate; (2) these features satisfy
or frustrate the basic psychological needs of autonomy,
competence,andrelatednessasdefined by Self-Determination
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Table 1. Comparative Evaluation of Pedagogical Models Based on Motivational and Behavioral Outcomes

Impact on Student Impact on
Approach Strengths Limitations P o, Lifelong Physical
Motivation oo
Activity
Traditional Approach Structured lessons, easy ~ Low engagement, Low (mainly extrinsic) ~Low (weak
management, skill focus  passive learning, transfer)
performance pressure
Student-Centered Approach High engagement, Requires advanced High (autonomy & Moderate to High
autonomy, and personal  teacher training competence)
relevance
Sport Education (SE) Team affiliation, Time-consuming, Very High (relatedness ~ High (sport
responsibility, and may favor & belonging) culture)
holistic development competitive students
Teaching Games for Understanding Tactical learning, Needs basic game Very High (cognitive ~ High (enjoyment
(TGfU) problem-solving, knowledge autonomy + & transfer)
decision-making competence)
Cooperative Learning (CL) Social skills, inclusivity, = Grouping and High (strongly Moderate to High
peer support monitoring relatedness)
challenges
Hybrid Integrative Models (SE Coherent outcomes Complex planning, ~ Very High Highest potential
+ TG{U + CL with explicit SDT address all SDT needs high teacher demand  (simultaneous need
principles) satisfaction)

Note: Synthesized by the authors based on Casey & MacPhail (2018), Hastie & Wallhead (2016), and Harvey et al. (2020)

Theory; and (3) the degree of need satisfaction determines
the internalization of motivational regulations along the
SDT continuum (from external and controlled regulation
toward identified, integrated, and intrinsic regulation).
This internalization process, in turn, promotes behavioral
internalization, whereby physical activity becomes personally
endorsed and is maintained voluntarily beyond the school
context. More specifically, the mechanism operates through
distinct and model-dependent pathways:

o autonomy-supportive instructional strategies
(e.g., choice provision, student leadership in Sport
Education) primarily facilitate autonomy satisfaction;

o tactical problem-solving tasks (as in TGfU)
enhance perceived competence through cognitive
engagement;

o and structured peer interaction (as in Cooperative
Learning) strengthens relatedness via social
interdependence.

These differentiated pathways jointly regulate the
depth and quality of motivational internalization, thereby
determining whether behavioral engagement is transient or
sustained beyond the school context.

Specific pedagogical models contribute differently
to this mechanism. Sport Education primarily supports
relatedness through team affiliation, persisting roles, and
seasonal structures, while also offering autonomy via
student leadership opportunities. Teaching Games for
Understanding (TGfU) mainly enhances competence and
cognitive autonomy by emphasizing tactical problem-
solving and decision-making rather than rote skill drills.
Cooperative Learning strengthens relatedness and social
competence through structured group interdependence and
peer accountability.

When these models are implemented in isolation, need
satisfaction remains partial, often resulting in only moderate

internalization (e.g., identified regulation) and limited
transfer to out-of-school physical activity. In contrast,
hybrid integrative models (combining elements of SE, TGfU,
and CL with explicit SDT principles) enable simultaneous
satisfaction of all three needs within a coherent learning
climate. This simultaneous satisfaction creates synergistic
effects and mutual reinforcement, leading to deeper
motivational internalization and a higher likelihood of
lifelong physical activity.

The mechanism fails or produces only short-term
compliance when need frustration occurs (for example,
under controlling teaching styles, excessive performance
pressure, or lack of student choice) or when only one or
two needs are addressed. Figure 1 presents the proposed
conceptual mechanism linking pedagogical design,
motivational processes, and long-term behavioral outcomes.

As illustrated in Figure 1, the mechanism operates
through sequential and interdependent processes:

Behavioral Outcomes

Autonomy
Satisfaction
Lifelong Physical Activity
Sustained Engagement

Short-Term Compliance
Relatedness —_——
Fulfillment Limited Transfer

Internalization of Motivation < J

dentified | Integrated | Intrinsic

Pedagogical Models Motivational Processes

Sport Education
Choice & Leadership

Teaching Games for
Understanding (TGFu)

Tactical Skills

Cooperative Learning

Peer Support

Fails in Controlling Contexts:
High Teacher Control

Limited Time
Lack of Autonomy Support

Fig. 1. Conceptual mechanism linking pedagogical models,
motivational processes, and lifelong physical activity
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pedagogical features influence the satisfaction or frustration
of basic psychological needs, which subsequently affects
the internalization of motivational regulation and the
development of autonomous motivation. These processes
determine whether students demonstrate sustained
engagement in physical activity or only temporary
compliance within instructional settings. In the long term,
stable autonomous regulation increases the likelihood of
lifelong physical activity participation.

Pedagogical Features - Basic Psychological Need
Satisfaction/Frustration > Internalization of Motivational
Regulation and Autonomous Motivation > Sustained
Engagement in Physical Activity > Lifelong Physical Activity
(or short-term compliance).

Discussion

The analytical synthesis challenges the dominant
activity-based paradigm in physical education by
demonstrating that sustained participation is less a direct
outcome of lesson volume and more a consequence of
how pedagogical structures systematically support student
motivation (Bailey, 2006; Kirk & Haerens, 2014; Chen, 2014).
This interpretation shifts the focus toward the qualitative
design of learning environments, where motivation serves
as a structural mechanism that facilitates or constrains long-
term behavioral continuity.

The proposed structural mechanism is visually
summarized in Figure 1 (see Conceptual Mechanism of
Pedagogical Influence section).

A deeper examination reveals that the relationship
between pedagogical approaches and lifelong physical
activity is inherently non-linear and mediated by the
degree of internalization of motivational regulations. When
Self-Determination Theory principles are deliberately
integrated with model-based approaches, they promote not
only immediate engagement but also the development of
motivational competence — a critical precursor to lifelong
participation (Ryan & Deci, 2017; Chatzisarantis & Hagger,
2009; Chen, 2014).

Hybrid or integrative models emerge as particularly
promising because they allow simultaneous addressing of
autonomy, competence, and relatedness within a coherent
system (Hastie & Wallhead, 2016; Casey & MacPhail, 2018).
This synergistic integration creates mutual reinforcement
between motivational processes and instructional strategies,
producing more robust and transferable outcomes than
additive combinations of single models. Importantly, this effect
is not additive but systemic: the simultaneous satisfaction
of psychological needs generates nonlinear amplification
of motivational internalization, which cannot be achieved
through isolated pedagogical interventions (Gil-Arias et al.,
2017; Correia et al., 2019; Renshaw & Chow, 2019).

From a practical standpoint, these findings imply that
curriculum designers should prioritize hybrid frameworks
embedding motivational support mechanisms. Teacher
education programs must develop teachers’ capacity to
scaffold autonomy, design meaningful tasks, and foster
positive peer relationships (Iserbyt et al., 2016). For instance,
teachers may begin by implementing Sport Education’s
seasonal structure, integrate tactical problem-solving tasks
from TGfU within lessons, and incorporate Cooperative

Learning for group goal-setting and reflection to ensure
consistent satisfaction of all three basic psychological needs.
School policies should reconceptualize physical education
as a strategic context for building lifelong motivational
foundations rather than short-term physical activity
participation (Ennis, 2017; Whitehead, 2010).

Theoretically, this analysis advances a system-oriented
perspective that positions motivation as an organizing
structural element rather than a peripheral variable. By
explicating the specific processes through which pedagogical
features influence motivational regulation and behavioral
internalization, this review offers a conceptual bridge
between motivational theories and pedagogical practice
(Ryan & Deci, 2017; Casey & MacPhail, 2018). It opens
avenues for future intervention studies testing different
hybrid configurations across diverse educational contexts
and age groups.

Conditions of Effectiveness and Limitations

The effectiveness of this mechanism is not universal
and depends on several contextual conditions. Beyond
these general conditions, the applicability of the proposed
mechanism is bounded by specific structural and contextual
factors. At the educational level, the mechanism is most
effective in secondary school settings where students
possess sufficient cognitive and social maturity to engage
in cooperative, tactical, and autonomy-supportive learning
environments. In contrast, in early primary education, where
structured guidance and basic skill acquisition dominate,
the mechanism may operate only partially (Durden-Myers
et al., 2018; Whitehead, 2010).

At the institutional level, its effectiveness depends on
curriculum flexibility, class size, and resource availability.
Highly standardized curricula, limited lesson time, and
large class sizes constrain the implementation of hybrid
pedagogical models and reduce opportunities for meaningful
autonomy and interaction. Similarly, in contexts with limited
teacher professional development, the capacity to apply
need-supportive strategies remains restricted (Iserbyt et al.,
2016; Casey & MacPhail, 2018).

At the socio-cultural level, the mechanism may be
weakened in environments where hierarchical teacher-
student relationships, performance pressure, or externally
driven achievement norms dominate. In such contexts,
autonomy-supportive practices may be constrained, leading
to controlled forms of motivation and reduced long-term
transfer (Ryan & Deci, 2017; Perlman, 2012).

Taken together, these boundaries indicate that the
mechanism is not universally transferable but contingent
upon alignment between pedagogical design, institutional
conditions, and socio-cultural context.

However, the proposed mechanism may fail under
certain conditions. Controlling teaching styles, excessive
performance pressure, lack of student autonomy, large
class sizes with limited resources, low teacher training, or
unsupportive socio-cultural environments can prevent the
transition from controlled to autonomous motivation. In
such cases, motivation remains mostly externally regulated,
resulting in short-term compliance rather than sustained
lifelong physical activity habits (Kirk, 2013; Chen, 2014;
Ryan & Deci, 2017).
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Conclusions

Traditional performance-oriented models prove
insufficient because they rarely foster the autonomous
motivation required for sustained participation beyond
school years.

The central insight is that motivation should be
understood and designed as a structural mechanism within
pedagogical systems. Aligning Self-Determination Theory
principles with hybrid integrative models offers a coherent
pathway to simultaneously satisfy students’ psychological
needs while creating meaningful and transferable learning
experiences.

By advocating a shift from fragmented implementations
toward system-oriented hybrid frameworks, this synthesis
provides a conceptual foundation for curriculum reform,
teacher professional development, and policy-making.
Future research should empirically test different hybrid
configurations across diverse educational contexts.

Ultimately, strengthening the connection between
pedagogy and motivation is a practical necessity if physical
education is to contribute meaningfully to combating global
physical inactivity and supporting lifelong healthy behaviors.
This reconceptualization positions physical education as a
strategic domain for long-term public health intervention.
The proposed mechanism should be interpreted as a
conceptually grounded theoretical model rather than an
empirically verified mechanism. It provides an integrative
framework that requires further empirical validation across
diverse educational contexts.
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Ponb ¢isnyHoro BuxoBaHHA y popmyBaHHi MOTuBaLil Y4YHiB
Ta 3BNYKM A0 BOBIYHOI Pi3NUYHOT aKTBHOCTI: NegaroriyHnim acnekTt

Banex Anixanos'4*P, Bigani Canmanos'*5“P, Jlane Tani6osa'4*P,
Hasim I'ncanos'**?, [hxapanmup 3eiinamni'A*“P, Ceitmyp Amnies'**P

"HaxiueBaHCHKMII lep>KaBHUIT YHIBEPCUTET

ABTOpPCHKMIT BRI A — Au3aitH gocmipkenHs; B — 36ip ganux; C — crataHanis; D — migroroska pykormcy; E — 36ip kowrtis

Pegepar. Crarrs: 6 ., 1 Tabn., 1 puc., 20 mxeper.

Mera. Y 1[bOMY KOHI[eNITyaTbHOMY HapaTVBHOMY OIVIAli POSIIIANAETCA, AKMM YMHOM MOTHUBaLliA QYHKITIOHYE K CTPYKTYP-
HUIT MeXaHi3M, 110 II0B’A3ye€ MefjarorivHi miaxoan y GpisugHOMY BUXOBAHHI 3 JOBIYHO (Pi3MUHOIO0 aKTUBHICTIO.

Marepianu i meTogu. Ha ocHOBi B16ipKOBOTO Ta iHTEpIPeTaTMBHOTO CHHTE3y TEOPETUYHOI i eMIIipUYHOI JIiTepaTypH, 110
rpyHTyerbcest Ha Teopil camopmetepminanii (Self-Determination Theory, SDT) ta model-based practice, y po6oTti po3po6bieHo inre-
IPaTUBHY KOHLENTYa/IbHY MOJIETIb.

Pesynbratu. CrHTe3 II0Ka3aB, 110 OKpeMi XapaKTepUCTUKI IIefaroriyHnx Mofesneil (HampyKiIaz, MiATPUMKa aBTOHOMII y
TGfU, bopmysanus Hanexxnocrti y Sport Education ta nigrpumka ognomnitkis y Cooperative Learning) sabesneuyiorb 3a/j0BOJIEH-
Hs1 6230BYIX IICMXOJIOTIYHIX IOTPEO B aBTOHOMII, KOMITETEeHTHOCTI Ta OB s13aHOCTI. OffHOYaCHe 3a/{0BOJIEHHS L{UX ITOTPeb Crpusie
inTepiopusanii MOTUBAIitHOI perynALil — Bifj KOHTPOIbOBAHUX A0 OimbLI aBTOHOMHMX opM (imeHTHdiKOBaHa, iHTETpOBaHa
Ta BHYTPIllTHA PETY/IALidA), 110, CBOEI0 Yeprol, MATPUMYE CTiliKe 3amydeHHA [0 (i3snYHOI aKTMBHOCTI 32 MeXaMH IIKiTbHOTO
KOHTeKCTY. ['i6pupiHi iHTerpaTuBHi MOZE/Ii AEMOHCTPYIOTh BUINII TOTEHIIia/I, OCKI/IbKI CTBOPIOIOTD LIi/TiCHE OCBITHE CepefoBMUIILE,
AKe MiJICUITIOE 3a3HavYeHi MpoIecH, Tofli K TpafiMIIiliHi Ta OMHOMO/ENIbHI MiIXOM 9acTO 3a6e3nequoTb JIIE KOPOTKOYAacHy IIif-
MOPANKOBAHICTh BMMOTaM i obMmexeHe TIepeHECEeHH s NMOBEIiIHKOBUX e(beKTiB.

BucHoBku. [lepexiz 0 ccTeMHO Opi€HTOBaHMX MiOPUFHIX MOJIeTIeNt, Y AKX MOTHBALLis PO3ITIARAETHCS SIK LieHTPaIbHIIL Op-
raHi3ylo4uit MexaHisM, € He0OXiJHOK YMOBOIO I TOTO, 1106 (i3yHe BUXOBaHHA CIpUsIO GOPMYBaHHIO aBTOHOMHOI MOTMBAIIil
Ta 3BUYKU JI0 JoBiYHOI Ppi3an4HOI aKTUBHOCTI. B or/IAzi BUSHaueHO yMOBUY, 3a AKMX Lieil MeXxaHi3M QyHKIioHye eeKTUBHO abo 3a-
3HAE TOPYIIEHHS, 10 CTBOPIOE KOHIENITYa/IbHE MIAIPYHTS /i1 pe(pOpPMyBaHHs HaBYa/IbHMX IIPOTPaM i IOA/IbIINX KOCTI/KEHb.

Kirouosi cmoBa: disuyHe BUXOBaHHA, MOTUBAlliA y4HIB, OBiYHa (i3MYHA aKTUBHICTD, Teopis camomeTepMiHalii, models-
based practice, ribpuHi megaroriuni Mogeri, egaroriyHa iHTerpalis, ClIOPTIBHA IIeJarorika.
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Abstract

Background. Physical activity (PA) interventions are increasingly being studied due to their potential to improve
academic performance, particularly in mathematics. However, it remains unclear whether specific approaches

such as Mathematics Integrated Physical Education (Math-PE) are more effective than general approaches such as
Cognitively Enriched PE.

Objectives. The purpose of this study is to demonstrate the effects of physical activity interventions on

mathematics performance and compare the effectiveness of Mathematics Integrated Physical Education (Math-PE)
and Cognitively Enriched PE.

Materials and Methods. This study employed a systematic review and meta-analysis. A literature search was conducted in
the Scopus, PubMed, and Taylor & Francis Online databases in accordance with the PRISMA 2020 guidelines. The studies
that met the criteria (N = 11 independent samples) consisted of randomized controlled trials and quasi-experiments. The
analysis used a random-effects model to calculate the pooled standardized mean difference (SMD).

Results. The analysis revealed a significant and moderate overall effect of PA interventions on mathematics
performance (SMD = 0.425; 95% CI [0.187; 0.663]; p < 0.001). Importantly, moderator analysis revealed no
statistically significant difference between Integrated Math-PE (k = 7; SMD = 0.436) and Cognitively Enriched PE
(k =4; SMD = 0.427; Qb = 0.00; p = 0.974).

Conclusions. While both methods produce statistically similar results, their implementation needs to be tailored to
specific pedagogical circumstances. Integrated Physical Education and Mathematics is most effective for introducing
specific mathematical concepts in early grades, while Cognitively Enriched Physical Education is more appropriate for
improving general problem-solving skills and calculation speed in older children. Therefore, educators must carefully select
methods that are truly relevant to the developmental stage of the students and the learning objectives they wish to achieve,
emphasizing that Physical Education is a crucial factor in mathematics achievement when applied in the right context.
Keywords: physical education, mathematics performance, integrated learning, embodied cognition.

Introduction amidst stagnant academic achievement, often met by
reducing PE time in favor of more classroom time
(Donnelly & Lambourne, 2011; Resaland et al., 2016). This
sedentary approach has been sharply criticized for ignoring
neurophysiological evidence showing that physical activit
©  Chaeroni, A,, Lisna, Y. P, Igorezky, A, Nur, L, Al Ardha, M. A, 3¢ o I:;iriflply agbiological necessity bﬁt a crEci}zfil catalyst fO};
& Nurhasan, N., 2026. the development of brain structure and cognitive plasticity

(@ PETM during childhood and adolescence (Hillman et al., 2008;
LLCOVS

Global education systems currently face a paradoxical
dual pressure: the need to improve mathematical literacy
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Tomporowski et al., 2015). Furthermore, reduced PA in
schools is linearly correlated with declines in executive
functions-such as working memory, inhibition, and
cognitive flexibility-which are fundamental predictors of
successful logical-mathematical reasoning (Diamond, 2015;
E Egger et al,, 2019).

Theoretically, physical activity interventions in
mathematics learning are based on two distinct but
complementary frameworks. First, the Cognitive Stimulation
perspective argues that complex physical exercise (e.g.,
Cognitively-Enriched PE) triggers physiological arousal and
the secretion of neurotrophic factor (BDNF), which prepares
the brain’s neural networks for more efficient learning (Egger
et al.,, 2019; Pesce et al., 2016; Schmidt et al., 2015). Second,
the Embodied Cognition theory proposes that cognition
is rooted in the body’s sensorimotor interactions with the
environment (Kiefer & Trumpp, 2012; Wilson, 2002). In
this context, abstract mathematical concepts become more
concrete when mapped through physical body movements
(Integrated PE), such as jumping to understand a number
line or manipulating objects for geometry (Mavilidi et al.,
2018; Mullender-Wijnsma et al., 2016).

Although previous meta-analyses have confirmed a
positive association between PA and academic achievement
in general (Alvarez-Bueno et al., 2017; Singh et al., 2019),
the existing literature often fails to distinguish specific
effectiveness based on intervention type. Many systematic
reviews conflate Integrated PE (learning through movement)
with Enriched PE (moving to stimulate the brain), yet the two
operate through distinct cognitive mechanisms (Schmidt et
al., 2019; Vetter et al., 2020).

This ambiguity creates a significant knowledge gap:
whether improvements in math performance are driven
more by integrating curriculum content into movement
(domain-specific) or by the general cognitive stimulation of
physical activity (domain-general). This study aims to fill this
gap through a systematic review and meta-analysis of recent
randomized controlled trials (RCTs) and quasi-experiments
Desains (QEDs). Specifically, the study compares the
efficacy of Integrated Math-PE and Cognitive-Enriched
PE approaches on math learning outcomes. Understanding
these nuances is crucial for policymakers designing time-
efficient future curricula in which physical health and

Table 1. PICOS criteria for inclusion and exclusion of studies

academic excellence are no longer viewed as trade-offs but
rather as mutually reinforcing elements.

Materials and Methods

This systematic review and meta-analysis was conducted in
accordance with the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) 2020 guidelines (Page
et al,, 2021). All methodological procedures—including the
search strategy, inclusion criteria, and analytical plan—were
predetermined to minimize potential bias.

Eligibility Criteria (PICO)

Study eligibility was determined using the PICOS
framework (Population, Intervention, Comparator,
Outcome, Study design) (Richardson et al.,, 1995). We
included controlled trials evaluating physical activity
interventions specifically, those classified as either integrated
math content or cognitively enriched PE on the mathematics
achievement of school-aged children. Detailed inclusion and
exclusion criteria are provided in Table 1.

Information Sources and Search Strategy

A systematic literature search was conducted in three
electronic databases (Scopus, PubMed, and Taylor &
Francis Online). The search strategy used a combination of
predetermined keywords related to the topic, linked using
structured Bolean operators (AND, OR). The complete
search syntax and specific queries for each database are
detailed in Supplementary Table 1.

Study Selection Process

The selection process followed the PRISMA 2020 flow
diagram (Page et al., 2021). After removing duplicates, two
independent reviewers screened titles and abstracts against
the eligibility criteria, followed by a full-text assessment
of potentially relevant records. Disagreements regarding
inclusion were resolved through consensus or consultation
with a third investigator. Complete workflow, including
exception reasons at the full text stage

Criterion Inclusion Criteria Exclusion Criteria
Population School-aged children (kindergarten to lower secondary Children with specific learning disabilities (e.g.,
level). dyscalculia) or clinical conditions (e.g., ADHD),
unless separable from typically developing peers.
Intervention (1) Integrated Math: Physical tasks explicitly combined Acute (single-bout) exercise sessions; pure aerobic/
with academic content (e.g., math games).(2) Cognitively-  fitness training without cognitive engagement;
Enriched PE: Motor tasks with high cognitive demands after-school programs unrelated to the curriculum.
(e.g., executive function focus) without direct academic
instruction.
Comparator Traditional physical education (active control) or sedentary Studies lacking a concurrent control group (e.g.,
classroom lessons (passive control). pre-post single group designs).
Outcome Quantitative mathematics performance (e.g., standardized  Qualitative perceptions; self-reported grades
tests, grades, procedural fluency). without verification; math anxiety (without
performance data).
Study Design RCTs, Cluster-RCTs, and QEDs with a control group. Cross-sectional studies, reviews, conference

abstracts, or grey literature.
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Data Extraction

Data extraction was conducted independently by two
reviewers (AC and JT). The information collected included:
(1) study characteristics (author, publication year, country);
(2) participant characteristics (sample size, mean age, sex
ratio); (3) intervention specifications (activity type, duration,
frequency, and categorization as integrated vs. enriched); and
(4) quantitative outcome data (mean, standard deviation,
and sample size) for the experimental and control groups
at post-intervention. Any discrepancies between reviewers
were resolved through consensus discussions or adjudication
by a third reviewer. For studies that did not report complete
data, statistical conversions were performed using standard
errors or confidence intervals, where possible.

Methodological quality assessment

We assessed risk of bias using the Cochrane RoB 2 tool
for Cluster Randomized Trials (Sterne et al., 2019). Although
some included studies were quasi-experimental, they used
allocation at the classroom or school level; thus, treating
them as cluster-randomized trials ensured a rigorous and
comparable evaluation (Eldridge et al., 2016; Higgins et
al.,, 2023). Two reviewers (JT and TAN) independently
assessed five domains of bias (randomization, identification,
bias, missing data, and measurement). Discrepancies
were resolved through consensus or consultation with a
third reviewer. Visualizations were generated using robvis
(McGuinness & Higgins, 2021).

Data Synthesis and Statistical Analysis

The meta-analysis was conducted using JASP software
(Version 0.16.3). Effect sizes were calculated as SMDs using
Hedges’ g to correct for bias in small samples (Hedges,
1981). A random-effects model with the Restricted
Maximum Likelihood (REML) method was applied to
accommodate inter-study variability (Borenstein et al.,
2010). Heterogeneity was assessed using the I” statistic
and the Cochrane’s Q test, with I* values>50% indicating
substantial heterogeneity (Higgins & Thompson, 2002). To
address the primary research objective, subgroup moderator
analyses were conducted by intervention type (Integrated
Math vs. Enriched PE) to compare the effectiveness of the
two approaches. Potential publication bias was evaluated
visually through a symmetric funnel plot and quantified
using Egger’s regression test (Egger et al., 1997) and Begg &
Mazumdar’s rank correlation test (Begg & Mazumdar, 1994).

Results

Study Selection

An initial literature search retrieved 46,700 records
from three electronic databases. After removing duplicates
and screening titles and abstracts, 16 full-text articles were
assessed in detail for eligibility.

Five studies were excluded at this stage for not meeting
eligibility criteria, primarily because they used non-
equivalent comparators (e.g., artificial control activities or
active video games) or lacked a control group. Ultimately,

11 studies met all inclusion criteria and were included in the
systematic review and meta-analysis. The complete selection
process is illustrated in Figure 1.

Identification of studies via databases and registers

Records excluded

===« Year of publication 2020-2025 (n=19,068)
« Non-research article types (n=>5,696)
« Non-English articles (n=890)

Record Identification From:

o search strategy with predefined queries
* PubMed database (n=494)

© Scopus database (n= 35,685)

« Taylor and Francis database (n=10,521)

g
2
=1
&
&
E
=]
g
I3}
=

Record Screened Records excluded
(n=21,046) =P erclevant topic (n=20,967)
" « Duplicate (n=14)
£ T =
)
Bl Reports sought for retrieval Reports not retrieved
B (n=65) =>|| . incligible Intervention (n=6)
1 « Ineligible outcome (n=20)
1 « Review study (n=14)
e * Qualitative Research (n=6)
Reports assessed for eligibility (n=14) e lioile Comparator (ho2)
(n=14) « Data not compatible (n=1)
(Bl studies included in the review (n=11) 1 | Reports excluded
| E Reports of included studies == |« Clinical Population (n=1)
| Bl =11 ‘ « One-Group Pretest-Posttest Design (n=2)

Fig. 1. PRISMA flow diagram showing the study identification
and selection process.

Study Characteristics

Table 2 outlines the characteristics of the 11 included
studies. The studies were conducted across diverse
geographic settings, predominantly in Europe (n=8),
followed by North America (n=1), South America (n=1),
and North Africa (n=1). The sample comprised school-
aged children aged approximately 6 to 14, with a primary
focus on elementary education grades. Methodologically,
the review incorporated a mix of RCTs, cluster-RCTs, and
quasi-experimental designs.

Effect size, SMD (Hedges™ g); random-effects model
(REML); CI, confidence interval; PI, prediction interval; Qe,
heterogeneity test; I?, heterogeneity (%); T°, between-study
variance. Main subgroup differences: Qm(1)=0.00, p=.974;
Sensitivity subgroup differences: Qm(1)=0.00, p=.979;
tatistical significance was set at p < 0.05. The sensitivity
analysis excluded studies with passive (sedentary) control .

Interventions were stratified into two distinct
modalities: (1) Integrated Math-PE (n=7), where academic
concepts were explicitly embedded within physical tasks
(e.g., ‘Eduball] geometry treasure games, or fraction courts);
and (2) Cognitively-Enriched PE (n=4), which targeted
executive functions through complex motor circuits without
direct mathematical instruction. Intervention duration
exhibited significant heterogeneity, ranging from short-term
exposures (2-3 weeks) to longitudinal programs spanning a
full school year. Regarding comparators, most studies used
an active control group (traditional physical education),
while others used sedentary classroom instruction.

Risk of Bias Assessment

The risk of bias assessment using the RoB 2 Cluster
instrument showed a varied quality profile (see Figure 2).
Overall, two studies (18%) were classified as having a low risk
of bias, five studies (45%) as having some concerns, and four
studies (36%) as having a high risk. The main sources of bias
were structural and centered in Domain 1 (Randomization),
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Duration & Dosage Math Domain

Intervention Group (Description) Control Group

. Sample
Study Design Characteristics

Study ID
(Country)

Table 2 (continued)

where the high risk classification was due to the use of a
quasi-experimental design or a limited number of clusters

2 o o

< = 2
B = — A . . . .
= o & (e.g., k=2), which hindered effective allocation concealment.
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§ 2z § 2 g 52 raises consistent concerns in Domain 2, the internal validity
] . . . P

e E i é =P é of the studies remains intact. This is supported by strong data
- - ©= integrity, with 100% of studies having a low risk of missing
= = e data (Domain 3), and the majority of studies minimizing
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mathematics performance (SMD = 0.425, 95% CI [0.187,
0.663], p <.001). Heterogeneity was substantial (Qe(10) = 59.15,
p < .001; I* = 82.28; 1 = 0.121), and the prediction interval
crossed zero (95% PI [-0.297, 1.147]), indicating significant
between-study variability in the magnitude of effects.

Combined physical exercises with cognitive PE lessons (unmodified)

N, number of participants; RCT, randomized controlled trial; QEDs, quasi-experimental design; PE, physical education; PA, physical activity; PAL, physically active learning; IG, intervention

group; CG, control group; SAAFE, Supportive, Active, Autonomous, Fair, and Enjoyable principles; ITU, Integrated Teaching Unit; TG, Treasure Game; DCC, Dual-Challenge Circuit; GPA,
grade point average; CITO, Centraal Instituut voor Toetsontwikkeling (Central Institute for Test Development); AC-MT, Test of Calculation Ability and Problem Solving (Abilita di Calcolo e
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gggé_giegé*g = & 0.427, 95% CI [0.074, 0.780], p = .018), with high residual
S o & B g 8 o5 PE 8T 2 heterogeneity in each subgroup (I* = 78.61% and 86.64%).
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ESE85 5SS 505 mEag g The subgroup difference test was not significant (Qm(1) =
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g2 ?5 28 %D © g z2 2888 & outperformed the other (see Table 3).
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SEEE e 2 e IF g physical education intervention remained statistically
TEEE FEFE Y _ET P significant (SMD = 0.42, 95% CI [0.06, 0.78], p = 0.029).
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— 0 R S This suggests that the academic benefits are not solely due
& to increased levels of physical activity relative to sedentary
5 5 H ] behavior, but rather stem from the additional cognitive
~ ~ ~ 7 component of the intervention.
g g g 2 Interestingly, moderator analysis in this sensitivity
= = = = subset revealed no significant difference between Math-
© © © E, Integrated Physical Education and Cognitively Enriched
= . "¢ Physical Education (Qb = 0.00, p = 0.98). Both approaches
= R = & yielded nearly identical medium effect sizes (SMD = 0.42
2 £ 8 o E S and SMD = 0.43, respectively). This suggests that cognitive
g = EAE g _ g § engagement—regardless of content integration—is the
248 = v D S5 B rimary driver of academic improvement compared to
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Table 3. Summary of meta-analytic results for primary outcomes, moderator analysis by intervention type, and sensitivity

analysis
Analysis Group k g(SMD) 95% CI P 95% PI Qe(df) pQ I’(%) =
Primary Overall 11 0.425 [0.187,0.663] <.001 [-0.297,1.147] 59.15(10) <.001 82.28 0.121
Sdutgomes and Integrated Math Content 0.436  [0.089,0.782] 0.014 [-0.423,1.294] 31.15(6) <.001 78.61 0.16
oderator
Analysis Cognitively-Enriched PE 4 0.427 [0.074,0.780] 0.018 [-0.314,1.169] 27.15(3) <.001 86.64 0.111
Sensitivity Overall 8 0.42 [0.056,0.784] 0.029 [-0.576,1.417] 52.55(7) <.001 87.11 0.154
Analysis Integrated Math Content 5 0.424  [-0.193,1.041] 0.129 [-0.956, 1.804] 25.37(4) <.001 833 0.198
Cognitively-Enriched PE 3 0.433 [-0.632,1.498] 0.223 [-1.632,2.497] 26.08(2) <.001 91.58 0.169
a b
Ry R N — S g et S ——
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(Romero»l\jgrt;'r(\gg g: g::: gggg *—I—* (RogerohMa_lgrg:ez et f,‘"; %ggg +
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Fig. 3. Forest plot a) comparing the effects of Integrated vs. Enriched PE on math achievement, b) sensitivity analysis forest plot
comparing cognitively-engaging PE interventions versus active control groups only

Publication Bias

Based on weighted regression (Egger-type), there is an
indication of asymmetry/small-study effects in the funnel
plot (supplementary figure S2) (t(9) = 3.029, p = .014; p =
-0.317,95% CI [-0.773, 0.139]). However, in supplementary
table S2, the rank correlation (Begg-type) is not significant
(Kendall's T = 0.382, p = .121), indicating inconsistent
evidence of asymmetry across trials.

Discussion

This study aimed to analyze the effectiveness of
physical activity interventions on students’ mathematics
performance through a systematic review and meta-analysis,
specifically comparing the impact between Integrated Math
and Cognitively-Enriched PE approaches. This meta-
analysis confirmed a moderate positive impact of physical
activity interventions on mathematics performance,
refuting concerns that time allocation for physical activity is
detrimental to academic achievement (Alvarez-Bueno et al.,
2017; Donnelly et al., 2016). However, the most crucial and
distinctive finding of this study is the statistical equivalence
between Integrated Math and Cognitively-Enriched PE. This
absence of significant disparity indicates that embodiment
(content integration) and cognitive priming (neural
stimulation) pathways have equal potential to amplify
learning outcomes, providing significant pedagogical
flexibility for school curricula.

The effectiveness of Integrated Math is validated by
Embodied Cognition Theory, where physical movement
facilitates the processing of abstract concepts by reducing
intrinsic cognitive load (Mavilidi et al., 2018; Wilson, 2002).
Sensorimotor manipulation of numerical content (e.g.,
jumping on a number line) creates multimodal memory
traces that strengthen long-term retention (Beck et al., 2016;
Liang et al., 2023). Conversely, the efficacy of Cognitively-
Enriched PE is supported by the Cognitive Stimulation
Hypothesis. Complex coordinative activities stimulate the
prefrontal cortex and executive function, triggering BDNF
secretion that prepares the neural architecture for academic
learning without the need for explicit math instruction (Best,
2010; Diamond & Lee, 2011; Schmidt et al., 2015).

The novelty of this study lies in a methodological
disaggregation often overlooked in previous meta-analyses
that tend to generalize across physical activity modalities
(Singh et al., 2019). By separating and comparing them
head-to-head, this study fills a gap in the literature by
demonstrating that improvements in math achievement can
be achieved through both domain-specific (Integrated) and
domain-general (Enriched) mechanisms. These findings
have significant practical implications. Rather than using
one approach for all, educators need to wisely select
intervention methods that best suit students’ developmental
stages, specific mathematical objectives, and timing,
ensuring the difficulty of the physical tasks aligns with the
learning targets.

453



ISSN 1993-7989. elSSN 1993-7997. ISSN-L 1993-7989. Physical Education Theory and Methodology. Vol. 26, Num. 3

Importantly, the significant statistical variation
observed in this meta-analysis should not be viewed solely
as a flaw in the method, but rather as an important indicator
of differing conditions of effectiveness. These differences
reflect the various ways in which these interventions are
driven by different implementation contexts, intervention
dosages, and participant ages. For example, the effectiveness
of these interventions depends largely on the precise match
between the program duration, which varied from 2 weeks
to 10 months across the included studies and the specific
academic outcomes of interest. Therefore, this variation
suggests that physical interventions need to be precisely
tailored to instruction to achieve the best academic
benefits. Furthermore, the preponderance of short-term
studies limits conclusions about the durability of effects on
academic performance over the long term. The relatively
small sample sizes of some of the studies used also require
caution in extending the findings due to potential bias in
assessment.

Conclusions

Overall, this systematic review and meta-analysis
indicates that Integrated Mathematics Physical Education
and Cognitive Enhanced Physical Education both improve
mathematics performance with statistically similar
results. Rather than finding one strategy that is better for
all, our results suggest that the choice of the best method
depends largely on the specific circumstances in which
it is implemented, including the students’ developmental
stage and the type of mathematics task being addressed. For
younger students (such as 6-8 years old) or if the goal is
to help them understand new and abstract concepts such
as geometry or fractions, Integrated Mathematics Physical
Education is preferable because it uses a concrete learning
experience to reduce the burden of complex thinking. On the
other hand, for older children (such as 10-14 years old) or if
the goal is to improve their abilities in general arithmetic and
solve more complex problems, Cognitive Enhanced Physical
Education is very effective in stimulating their thinking
skills. Furthermore, the appropriateness of implementing
these methods depends on the context in which they are
implemented; Schools with tight schedules may benefit from
using Integrated Physical Education to combine academic
and physical education time, while schools focused on long-
term neurocognitive development may want to implement
enhanced motor tasks within regular physical education
classes. Future curricula need to go beyond simple choices
and instead provide educators with the tools to make
dynamic decisions about implementing active learning
approaches in line with evolving educational goals.
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Pedepar. Crarrst: 10 c., 3 Tabn., 3 puc., 43 mxepena.

IlepenymoBu. Brpydans, sacHoBaHi Ha ¢isnyHilt aktusHOCTi (PA), memai dacTilie JOCTIIKYOTHCA Yepes IXHill IToTeHIjian
MOKpAIlyBaTH aKaJleMi4Hy yCIiIIHICTh, 30KpeMa 3 MaTeMaTnky. OfHaK 3a/IMIIAE€ThCA HE3PO3YMINNM, 4u € crerudivHi migxonn,
TaKi siK iHTerpoBaHe (isuuHe BuxoBaHHs Ta MateMartnka (Math-PE), 6inbir eexTuBHIMY, HIK 3arajibHi MAX0AM, TaKi sIK KOTHi-

TUBHO 30arayeHe (bisque BUXOBAaHHA.

Meta. MeTo IIbOTO HOCII)KEHH: € JIeMOHCTpallid BIUVIMBY BTPY4aHb, 3aCHOBAHMX Ha (1)131/1(11-11171 aKTMBHOCTI, Ha MaTeMa-
TUYHY YCHIIIHICTD Ta MOPIBHAHHA eeKTUBHOCTI iHTerpoBaHoro ¢isnyHoro BuxosanH:A Ta MareMaruky (Math-PE) i KoraituBHO

36aragyeHoOro (i3MIHOro BUXOBAHHSI.
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Marepianu Ta MeTOM. Y JOCTi/I)KEHH] BUKOPUCTAHO CUCTEMATUYHMIA OIJIAN, Ta MeTaaHanis. [lomyk miteparypu nposoamBcs
B 6asax maHux Scopus, PubMed i Taylor & Francis Online BignosifHo g0 pexomenpaniit PRISMA 2020. [lo ananisy 6y BKo-
4YeHi JOCTi[KeHH, 10 BiiMOBiganm Kpurepiam Bi;q6opy (N = 11 He3ane>XxHUX BM6ip0K) i Many oU3aiiH paHLOMi30BaHUX KOHTP-
O/IbOBAHIX JIOCIII/PKEHD Ta KBas3ieKcIepuMeHTiB. [l po3paxyHKy 00’ €JHAHOTO CTaHAAPTU30BAHOTO cepefHboro edekry (SMD)
3aCTOCOBAHO MOJIe/Ib BUIIAJIKOBIX e(DeKTiB.

PesynpraTy. AHasi3 BUABUB CTATUCTUYHO 3HAYYIINII ITOMIpHUIT 3aTa/IbHNIL e(heKT BTPY4aHb, 3aCHOBAHUX Ha (Di3MYHII ak-
TUBHOCTI, Ha MaTeMaTN4Hy ycrimnicTs (SMD = 0.425; 95% CI [0.187; 0.663]; p < 0.001). BaxxnmBo, 1110 MofiepaTOpHUIT aHai3 He
BUABMB CTATUCTMYHO 3HAYyIo1 pisHuui Mix inTerpoBanum Math-PE (k = 7; SMD = 0.436) Ta KOrHiTMBHO 30arayeHuM GisMaHUM
BuxoBaHHAM (k = 4; SMD = 0.427; Qb = 0.00; p = 0.974).

BucHoBku. Xo4a 0611/1Ba METOM EMOHCTPYIOTh CTATUCTUYHO IOAI0HI pe3ynbraTy, ix BIpOBaKeHHsI Ma€ Oy T afjanToBaHe
10 KOHKPeTHMX IIeflaroriYHNX yMOB. IHTerpoBaHe ¢isyyHe BUXOBAaHHA Ta MaTeMaTUKa € Hail6inbIl eheKTUBHIMU /IS BBECHHSA
KOHKPETHMX MaTEMAaTUYHUX IIOHATH Y MOJMOSUINX K/IacaX, TOfli K KOTHITMBHO 36arayene (’pisque BUXOBAHHA € OiNbII JOL/b-
HVIM JUJIA TIOKpAllleHHs 3aralbHIX HABMYOK PO3B A3yBaHHA IIPOO/IeM i MIBUAKOCTI 06uMC/IeHD y cTapmux giteit. OTxe, megarorn
HOBVMHHI peTe/IbHO 06MpaTi MeTOAM, sIKi AifICHO BifjIIOBIAal0Th BIKOBMM OCOOMMBOCTSM YYHIB i HABYAIbHUM Li/ISIM, SIKUX BOHM
IParHyTb JOCATTH, MiJKPECTIONYY, [0 (isvyHe BUXOBAHH:A € BOXX/IMBYM YMHHUKOM MaTeMaTUYHOI YCIIIHOCTI 32 YMOBM 1OT0O
3aCTOCYBaHHA y BifllIOBiITHOMY KOHTEKCTi.
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Abstract

Background. Health literacy (HL) is a multidimensional construct recognized as a key determinant of health
outcomes, influencing individuals’ ability to access, understand, and apply health information. However, existing
literature predominantly describes associations between HL and health behaviours, while the mechanisms through
which HL produces behavioural change, particularly in physical activity, remain insufficiently specified. In addition,
the contextual conditions under which these effects operate, weaken, or fail have not been clearly defined.

Objective. This narrative review aims to develop a mechanism-based and condition-sensitive conceptual model
integrating healthcare, pedagogical, and physical activity perspectives to explain how, why, and under which
conditions HL influences health behaviour, with specific reference to physical activity.

Materials and Methods. A structured narrative review was conducted using the PubMed, Scopus, and Web of
Science databases. Studies published between 2000 and 2025 were selected based on predefined inclusion and
exclusion criteria. The analysis followed a theory-driven synthesis approach aimed at identifying causal pathways,
mediating processes, and contextual moderators.

Results. The synthesis identifies a multilevel mechanism through which HL influences physical activity and health
behaviours via cognitive, motivational, and behavioural regulation processes. However, this mechanism is conditional
rather than universal: its effectiveness depends on contextual factors such as educational level, socio-economic status,
healthcare system complexity, and digital access. HL effects are strengthened in supportive environments, attenuated
in complex communication contexts, and may fail in the presence of structural constraints.

Conclusions. HL should be conceptualized not only as a determinant but also as a conditional mechanism of
behaviour change operating across healthcare, educational, and social systems. The proposed model provides a
theoretically grounded framework with defined causal pathways, mediators, and boundary conditions, offering
guidance for the design of integrated interventions to improve health outcomes, promote active lifestyles, and reduce
health inequalities.

Keywords: health literacy, patient education, health promotion, physical activity, physical education, sport,
empowerment, healthcare systems, public health.

Introduction recent times, the concept has evolved into a multidimensional

construct that affects different aspects, such as cognitive,

tH?aght liter.acy t(H%)his liﬁcreajingll(y recognized ?S ? social, and critical skills required for informed decision-
central determinant of health and a key component of .10 (Nutheam, 2008),

healthcare systems. Originally it was defined as the ability

In recent Public Health research, HL is not considered a
to read and understand basic health information; in more

static individual attribute but a dynamic interaction between
individuals and healthcare, educational, and social systems.

© Liguori, E, Maisuradze, M., & Pelullo, C. P, 2026. The growing importance attributed to HL is closely

linked to the transformations in healthcare, including aging

(@ PETM populations, the rise of chronic diseases, etc. In this context,
LLCOVS
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patients are expected to take a more active role in managing
their health, and in making decisions (Kickbusch & Maag,
2008).

Despite its recognized importance, current research on
HL remains fragmented. Indeed, HL has been predominantly
investigated within clinical and Public Health settings, while
parallel developments in educational sciences and physical
activity research have often evolved independently. As a
result, there is limited integration between healthcare-
oriented HL models, pedagogical theories of learning and
empowerment, and behavioural frameworks related to
physical activity and sport participation.

Furthermore, HL is also related to lifestyle behaviours,
including physical activity and sport participation. Adequate
levels of HL enable individuals to better understand the
benefits of regular exercise, interpret public health guidelines,
and adopt active lifestyles, as highlighted by the World
Health Organization (2018). Conversely, limited HL may
contribute to sedentary behaviours and poor engagement in
preventive practices, including unhealthy lifestyle patterns
such as poor diet and physical inactivity (Paasche-Orlow &
Wolf, 2007; Calella et al., 2024). In this perspective, physical
activity represents not only a determinant of health but also
an educational context in which individuals develop skills
related to self-management, body awareness, and informed
decision-making. Participation in sport and physical
education has been associated with improved physical,
psychological, and social outcomes, reinforcing its relevance
within health promotion strategies (Bailey, 2006).

At the same time, HL is associated to social determinants
such as education, socioeconomic status, and cultural
background, that could contribute to health inequalities
(Paasche-Orlow & Wolf, 2007).

Despite the considerable clinical implications, HL has
also a pedagogical dimension. Indeed, it involves learning
processes, communication strategies, and the development of
competencies during lifetime. Therefore, healthcare workers
(HCWs) are required not only to provide care but also to
facilitate understanding and promote patient empowerment
(World Health Organization, 2013).

In addition, the rapid expansion of digital technologies
has led to the emergence of digital health literacy (DHL),
which refers to individuals’ ability to seek, understand,
and use health information from electronic sources. DHL
is increasingly recognized as a key determinant of health
in contemporary societies, influencing access to care, self-
management, and health-related decision-making.

Despite the expansion of HL research across healthcare,
education, and behavioural domains, current literature
predominantly establishes associative relationships rather than
explanatory mechanisms. Systematic reviews by Berkman et al.
(2011) and conceptual analyses by Baker (2006) consistently
demonstrate strong associations between HL and health
outcomes, yet they do not fully explain how these relationships
are produced. While HL is linked to physical activity and
preventive behaviours (World Health Organization, 2018), there
is limited understanding of how HL translates into behavioural
change through identifiable causal pathways. Moreover, the
conditions under which these relationships operate, weaken, or
fail remain insufficiently specified.

This limitation constrains both theoretical advancement
and practical application, as interventions based on HL often

assume linear effects without accounting for mediating
processes and contextual dependencies. Paasche-Orlow
and Wolf (2007) proposed one of the few causal pathway
models linking HL to health outcomes, emphasizing
intermediate factors such as access, communication, and
self-management; however, these mechanisms have not
been fully integrated with educational and behavioural
frameworks. Similarly, Sgrensen et al. (2012) conceptualize
HL as a multidimensional construct shaped by individual
and systemic factors, but without explicitly operationalizing
its behavioural pathways.

In the context of physical activity, this gap is particularly
evident. Although higher HL is associated with increased
engagement in active lifestyles (World Health Organization,
2018), the processes through which knowledge is transformed
into sustained behaviour, such as motivation, self-efficacy, and
behavioural regulation are not systematically incorporated into
HL models. Educational theories (Knowles et al., 2012) and
communication-based approaches (Street et al., 2009) suggest
that learning and interaction processes are central, yet these
perspectives remain only partially connected to HL research.
Furthermore, structural and contextual factors, including
educational level and socio-economic conditions, are known to
influence HL (Sorensen etal., 2012), but their role as moderators
of behavioural outcomes is rarely explicitly defined.

Therefore, this study aims to move beyond descriptive
synthesis by developing a mechanism-based and condition-
sensitive conceptual model of HL. Specifically, the review
seeks to: 1) identify the causal pathways linking HL to
health behaviour, with particular focus on physical activity;
2) analyse the mediating processes through which HL
influences behaviour; 3) define the contextual conditions
under which these mechanisms operate, weaken, or fail.

By addressing these aspects, this study proposes
an operational framework that integrates healthcare,
educational, and behavioural perspectives, contributing to
a more theoretically grounded and practically applicable
understanding of HL.

Materials and Methods

Study design

This study was conducted as a structured narrative review
with a theory-driven synthesis approach. Although narrative
in structure, the review follows systematic principles of
transparency, study selection, and theory-driven synthesis to
enhance reproducibility and analytical rigor. The review was
designed not only to summarize existingliterature but to identify
causal pathways, mediating mechanisms, and contextual
conditions linking HL to health behaviour, particularly physical
activity. This approach combines elements of scoping reviews
with conceptual model development, ensuring both breadth of
coverage and analytical depth.

Literature search strategy

A comprehensive literature search was conducted in
PubMed, Scopus, and Web of Science databases. The search
covered studies published between 2000 and 2025. Search
terms were combined using Boolean operators and included:
(“health literacy”) AND (“physical activity” OR “sport” OR
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“lifestyle”) AND (“health education” OR “patient education”
OR “physical education”).

The search strategy was designed to capture studies
addressing HL across healthcare, educational, and
behavioural domains. Reference lists of key articles were
also screened to identify additional relevant studies.

Eligibility criteria and study selection

Studies were included if they met the following criteria:
1) peer-reviewed articles; 2) focus on HL in relation to
healthcare, education, or physical activity; 3) contribution to
understanding mechanisms, processes, or outcomes related
to HL; and 4) published in English.

Studies were excluded if they were non-scientific
publications, did not explicitly address HL, or lacked
relevance to the conceptual integration of HL across domains.

The selection process was conducted in two stages: 1)
title and abstract screening to identify potentially relevant
studies; and 2) full-text assessment based on inclusion criteria.
Although the review does not follow a formal systematic
review protocol, the selection process was conducted to ensure
transparency and reproducibility. To enhance consistency, the
selection process was guided by predefined conceptual criteria
focusing on the relevance of studies for identifying mechanisms,
mediating processes, and contextual conditions. Emphasis was
placed on studies providing explanatory insights rather than
purely descriptive associations. The selection process resulted
in a focused set of studies that met the inclusion criteria and
were considered sufficiently relevant for the development of
the conceptual synthesis. Consistent with the narrative and
theory-driven nature of the review, emphasis was placed on
conceptual relevance and explanatory contribution rather than
on quantitative reporting of study flow.

Data extraction and synthesis

Data were extracted focusing on three analytical
dimensions: 1) reported relationships between HL and health
outcomes or behaviours; 2) identified mediating processes
(e.g., comprehension, self-efficacy, communication); and 3)
contextual factors influencing these relationships.

The synthesis followed a theory-driven approach aimed
at moving from descriptive aggregation to explanatory
modelling. Studies were analysed to identify recurring causal
patterns, which were then integrated into a mechanism-based
conceptual framework specifying pathways, mediators, and
boundary conditions.

Rather than aggregating results, the analysis aimed
to construct a mechanism-based explanation by linking
observed relationships to underlying processes and
conditions. This approach supports the development of a
conceptual model that is theoretically grounded while
remaining open to empirical validation.

Results

Study selection and overview of included literature

The literature search yielded a heterogeneous body
of literature across healthcare, educational, and physical
activity domains. A focused subset of studies meeting the
inclusion criteria was selected and analysed using a theory-

driven synthesis approach. The selected literature reflects
heterogeneous methodological approaches, including
systematic reviews, observational studies, theoretical
frameworks, and intervention studies, highlighting the
multidimensional nature of HL.

Across the included studies, HL was conceptualized
as a multidimensional construct involving healthcare
systems, individual competencies, and educational contexts
(Nutbeam, 2000; Serensen et al., 2012).

Mechanism-based synthesis of health literacy

The synthesis of the included studies moves beyond
thematic aggregation to identify a mechanism-based
explanation of how HL influences health behaviour,
particularly physical activity. Across the literature, HL does
not operate as a direct determinant of behaviour, but rather
through a set of interacting cognitive, motivational, and
behavioural regulation processes.

At the cognitive level, HL enables individuals to access,
understand, and interpret health information. Berkman et
al. (2011) demonstrate that limited HL is associated with
misunderstanding of medical instructions and poor disease
knowledge, while Baker (2006) highlights its role in shaping
healthcare decision-making. These findings suggest that
comprehension represents a primary mechanism through
which HL affects subsequent processes.

Limited HL is also associated with increased healthcare
costs, reflecting inefficient use of services and poorer disease
management (Eichler et al., 2009).

Atthe motivationallevel, HL contributesto the development
of self-efficacy, risk perception, and outcome expectations.
Osborn et al. (2011) show that HL influences patients’
confidence in managing their health, while educational theories
(Knowles et al., 2012) emphasize the role of learning processes
in fostering autonomy and motivation. These elements are
critical in translating knowledge into intention.

At the behavioural level, HL affects self-management,
adherence, and lifestyle choices. Paasche-Orlow and Wolf
(2007) propose that HL influences health outcomes through
intermediate pathways including access to care, patient-
provider interaction, and self-care behaviours. In the context
of physical activity, the World Health Organization (2018)
indicates that individuals with higher HL are more likely to
engage in preventive behaviours, although this relationship
is not linear or universal.

The concept of physical literacy further supports
this interpretation, integrating cognitive, motivational,
and behavioural dimensions of lifelong physical activity
engagement (Whitehead, 2010). This multidimensional
perspective is supported by systematic evidence linking
physical literacy to motivation, competence, and long-term
engagement in physical activity (Edwards et al., 2017).

Taken together, these findings support a multilevel
mechanism in which HL influences behaviour through a
sequential pathway: cognitive processing (comprehension);
motivational activation (self-efficacy and intention);
behavioural regulation (action and maintenance).

Conditions of operation

The analysis further indicates that the effect of HL on
behaviour is conditional rather than universal. Specifically,
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three patterns can be identified: conditions under which
HL operates effectively, conditions under which its effect
weakens, and conditions under which it fails.

HL operates effectively when individuals are supported
by enabling environments, including accessible healthcare
systems, clear communication, and adequate educational
background. Serensen et al. (2012) emphasize that HL
emerges from the interaction between individual capacities
and system demands, suggesting that alignment between
these elements is necessary for effective outcomes.

The effect of HL weakens in contexts characterized by
complexity and limited support. Street et al. (2009) show that
ineffective communication between healthcare providers
and patients can reduce comprehension and limit the impact
of HL. Similarly, low motivation or lack of reinforcement
may prevent the translation of knowledge into sustained
behaviour, particularly in physical activity contexts.

HL may fail to produce behavioural change in the
presence of structural barriers. Socio-economic constraints,
low educational attainment, and limited access to resources
can inhibit the application of health knowledge, even when
HL levels are adequate. In such cases, HL alone is insufficient
to generate change, as behavioural outcomes are constrained
by external conditions rather than individual competence.

Integrative model

Based on these findings, HL can be conceptualized
as a conditional mechanism linking healthcare systems,
educational processes, and behavioural outcomes. The
proposed model integrates three core components: 1)
causal pathways (cognitive, motivational, behavioural),
2) mediating processes (comprehension, self-efficacy,
regulation), and 3) contextual moderators (education, socio-
economic conditions, system complexity).

This model moves beyond illustrative representations
by specifying how HL produces effects and under which
conditions these effects vary, providing an operational
framework for future research and interventions.

Table 1 synthesizes the mechanism-based structure
of the included studies, highlighting main component,
mechanism, and implications.

Table 1 synthesizes the findings according to a
mechanism-based framework, identifying the core processes
through which HL influences health behaviour. Rather
than organizing evidence into thematic domains, the table
highlights the sequential pathways (cognitive, motivational,

Table 1. Synthesis of HL literature across domains

and behavioural), the key mediating elements, and the
contextual conditions that shape the strength and direction
of these relationships.

Figure 1 presents the operational framework of this
model, illustrating the sequential pathways through which
HL influences behaviour and the contextual conditions
under which these processes operate. The proposed
framework conceptualizes HL as a conditional mechanism
integrating causal pathways, mediating processes, and
contextual moderators

CONTEXTUAL MODERATORS
(Socio-economic status/Education/Healthcare system complexity/
DHL environment)

|

HEALTH LITERACY

|

COGNITIVE PROCESSES
- comprehension
- health knowledge
- information access

|

MOTIVATIONAL PROCESSES
- self-efficacy
- risk perception
- intention

i}

BEHAVIORAL REGULATION
- physical activity
- lifestyle behaviours
- self-management

L

HEALTH OUTCOMES
- health status
- prevention
- physical activity adherence

11

FEEDBACK MECHANISM
- experiential learning
- healthcare interaction
- HL reinforcement

Fig. 1. Conceptual model of HL

Component Mechanism

Key elements Supporting evidence

Cognitive processes Access, understanding, and
interpretation of health
information

Motivational processes

Comprehension, health knowledge

Berkman et al. (2011); Baker
(2006)

Osborn et al. (2011); Knowles

Behavioral regulation

Contextual moderators

Boundary conditions

Transformation of knowledge into
intention

Translation of intention into
action

Conditions influencing the
strength of the relationship

Conditions of effectiveness,
weakening, or failure

Self-efficacy, risk perception,
motivation

Physical activity, self-management,
adherence

Education, socio-economic status,
healthcare system complexity, digital
access

Supportive vs constrained
environments

etal. (2012)

Paasche-Orlow & Wolf (2007);
World Health Organization
(2018)

Serensen et al. (2012); Street et
al. (2009)

Derived from theory-driven
synthesis
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Discussion

This review moves beyond a descriptive synthesis by
integrating evidence on HL across healthcare, educational,
and physical activity domains. The main contribution of
this study lies in framing HL as an interdisciplinary and
dynamic construct that operates across systems rather than
as an isolated individual competency.

The findings suggest that HL should be interpreted
as a multilevel construct emerging from the interaction
between individual abilities, healthcare system demands,
and educational contexts. This perspective aligns with
existing theoretical models that conceptualize HL as both
an individual and a systems-level attribute (Nutbeam, 2000;
Serensen et al., 2012).

This study advances the literature by moving from
associative descriptions of HL to a mechanism-based and
condition-sensitive explanation of its effects on health
behaviour. The findings indicate that HL does not act as
a direct determinant of outcomes, but as a multilevel
mechanism operating through cognitive, motivational,
and behavioural regulation processes. This interpretation
extends previous models, such as that proposed by Paasche-
Orlow and Wolf (2007), by explicitly integrating educational
and behavioural dimensions within a unified framework.

From a theoretical perspective, the results support the
conceptualization of HL as a conditional mechanism rather
than a static individual attribute. Specifically, HL enables
behavioural change only when cognitive understanding is
translated into motivation and subsequently into action. This
sequential process highlights the central role of mediators
such as comprehension and self-efficacy, which bridge the
gap between knowledge and behaviour. Importantly, the
proposed mechanism should not be interpreted as a strictly
linear sequence, but as a dynamic and recursive system of
interactions. HL not only influences cognitive, motivational,
and behavioural processes, but is also progressively reshaped
by individual lived experiences in health-related and physical
activity contexts. In this sense, behavioural outcomes may
generate feedback effects that contribute to the refinement of
health-related knowledge, self-efficacy, and future decision-
making capacity. This bidirectional perspective suggests that
HL operates within a continuous learning loop rather than a
unidirectional causal pathway.

Based on this synthesis, the following theoretical
statements are proposed:

Statement 1: HL is associated with health behaviour
through sequential mediating processes involving cognitive
comprehension, motivational activation (e.g., self-efficacy),
and behavioural regulation; however, these pathways are
non-linear and may vary across contexts.

Statement 2: The relationship between HL and health
behaviour is moderated by contextual factors such as
educational level, socio-economic conditions, healthcare
system complexity, and digital access, which influence the
strength and direction of effects.

Statement 3: HL alone is insufficient to ensure sustained
behavioural change when environmental, organisational, or
structural constraints limit the translation of knowledge into
action.

Statement 4: The translation of HL into physical activity
behaviour is a dynamic process influenced by the interaction
between individual capacities and contextual opportunities,

and it may be reinforced or weakened over time through
feedback from behavioural experiences.

These statements define a set of boundary conditions that
clarify when and how HL operates. In particular, the findings
indicate that HL operates effectively in contexts characterized
by accessible information, supportive communication,
and adequate educational resources. Conversely, its effect
weakens in complex or poorly structured systems and may
fail entirely in the presence of structural barriers such as
socio-economic disadvantage or limited access to resources.

This perspective has important implications for both
theory and practice. From a theoretical standpoint, it
contributes to the advancement of HL research by providing
an operational model that specifies causal pathways and
conditions of applicability. From a practical standpoint,
it suggests that interventions should not focus solely on
improving individual HL levels, but also on modifying
contextual factors that enable or constrain behaviour.

Healthcare systems should adopt health-literate
organizational models that reduce complexity and enhance
communication (Brach et al., 2012), while educational systems
should integrate HL as a core competence linked to critical
thinking and lifelong learning (Nutbeam, 2008). In the domain
of physical activity, interventions should explicitly target both
HL and its mediating processes, such as motivation and self-
regulation, in order to facilitate sustained engagement.

An additional implication concerns the role of DHL,
which may amplify both opportunities and inequalities.
While digital tools can enhance access to health information,
they also require advanced critical evaluation skills and
may exacerbate disparities among populations with limited
resources or competencies. These dynamics introduce
further challenges, including information overload, exposure
to misinformation, and digital inequality.

These challenges may amplify existing disparities in
HL and health outcomes if not addressed through targeted
educational and system-level interventions.

The findings of this review could have several practical
implications. For healthcare systems, HL should be integrated
into organizational design through health literate healthcare
systems that improve communication and navigation (Brach et
al.,, 2012). For educational systems, HL should be incorporated
into curricula as alifelonglearning competence linked to critical
thinking and empowerment (World Health Organization,
2013). For physical activity and sport, interventions should
explicitly integrate HL components to enhance understanding
of health benefits, motivation for active lifestyles, and adherence
to physical activity guidelines (World Health Organization,
2018; Bailey, 2006).

HCWs, educators, and sport practitioners should
therefore be considered joint stakeholders in HL
development.

Study limitations

This review has several limitations related to its non-
systematic approach and the potential for selection bias in
the included literature. As a structured narrative review, it
is subject to heterogeneity of included study designs, and
absence of quantitative synthesis. Indeed, future research
should focus on development and validation of integrated
HL models, and longitudinal studies assessing HL impact on
physical activity and health outcomes.
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Conclusion

HL is a fundamental determinant of health and a
component of modern healthcare systems. Its integration
with pedagogical approaches provides a powerful framework
for improving health outcomes and contrasting inequalities.
Rather than being confined to a single disciplinary domain,
HL should be conceptualized as a dynamic mechanism
influencing how individuals access, understand, and apply
health information across contexts.

Efforts to enhance HL should involve people, HCWs,
and healthcare systems, with the adoption of more
comprehensive and interdisciplinary approaches.

The integration of HL with pedagogical approaches
and physical activity frameworks provides a promising
direction for improving health outcomes and reducing
health inequalities. This review contributes to the field by
proposing a synthesized conceptual interpretation and
highlighting the need for an integrated model capable of
guiding future research and practice.
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MepgunuyHa rpamoTHICTb, ¢pi3nYHa aKTUBHICTb Ta OCBiTa:
iHTerpauia megnyHuX i negaroriyHnx nigxoais
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*Tpy3UMHCHKUIT iep)KaBHMIT HABYA/IbHMIIT YHIBepcuTeT BisnvHOoro BuxoBauus i cnopry LEPL
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ITepenymoBu. Mepuyna rpamotHicts (HL) € 6araToBMMIpHUM KOHCTPYKTOM, SIKWIl POSIISIFAETBCS K KIIOUOBUI YMHHUK
pesy/IbTaTiB 340pOB s, OCKIIbKM BIUIMBA€ Ha 3[ATHICTb JIONMHM OTPUMYBATH, PO3YMITI Ta 3aCTOCOBYBaTH iH(pOpMaLilo 1Ipo
3gopoB’st. OfHaK HasBHA JiTepaTypa IepeBaKHO omucye 38 s13ky MK HL i moBepiHKoI0, TOB’s13aHOI0 3i 3T0POB’sIM, TOAIL SIK
MexaHismu, uepes siki HL 3a6esneuye noBeniHKoBi 3MiHM, 0c06/1mBO y cdepi BisidHOI aKTUBHOCTI, 3a/IMIIAIOTHCSA HEJOCTATHBO
Bu3HaYeHnMM. KpiM TOro, KOHTeKCTyanbHi YMOBH, 32 AKUX Li epeKTH MPOABIIAIOTLCA, ITOCTAOMIOI0THCA a00 He CIpallboOBYIOTh,
TaKOX He OY/IM YiTKO OKpecyeHi.

Mera. Ile HapaTuBHe OI/IANOBE NOCII/PKEHHs CIIPAMOBaHe Ha PO3POOIEHHA MeXaHi3M-Opi€HTOBAHOI Ta Yy T/IMBOI O YMOB
KOHIENTYa/IbHOI MOJIeTIi, IJ0 iHTerpye MeNV4Hi, Mefarorivyxi Ta (bisKyanypHo-O?,HOPOqu MAXOAY [/ MOSACHEHHS TOTO, K, YOMY
Ta 3a AKMX yMoB HL BIIIMBae Ha MOBENiHKY, OB A3aHY 31 3l0POB’AIM, 3 0COOIMBUM aKIIEHTOM Ha (i3NYHY aKTUBHICTb.

Marepianu i MeTogu. [IpoBefieHO CTPYKTYPOBaHMIT HAPATUBHUIL OI/IAL i3 BUKOpKUCTaHHAM 6a3 maHux PubMed, Scopus Ta
Web of Science. JocnimkenHs, ony6nikosani y 2000-2025 pokax, Binupamics BilIOBiTHO [0 OIepeIHbO BU3HAYEHNX KpUTepiiB
BK/IIOYEHHS Ta BUK/IIOYEeHH:. AHaJIi3 3/1i/ICHIOBABCSl HA OCHOBI TEOPETUYHO OPiEHTOBAHOTO CMHTE3Y, CIPAMOBAHOTO Ha BUSABJIEHHS
NPUYMHHO-HACIIIKOBUX LIIAXiB, OIOCEPENKOBYBA/IbHUX IIPOLIECIB i KOHTEKCTYaIbHIX MOMIEPATOPIB.

Pesynpratu. CunTe3 [03BOINB BUSBUTY OaratopiBHeBNUIT MeXaHisM, depes sikuit HL BrinBae Ha GisndHy aKTUBHICTS i 110-
BeJIiHKY, [I0B’s13aHY 3i 3[[0POB’sIM, 3a JJOIIOMOTOI0 KOTHITMBHIX, MOTUBALI/IHIX i IOBEAIHKOBO-PETY/ISATOPHMX IpoleciB. BogHowac
Iieil MeXaHi3M Ma€e YMOBHMIL, a He YHiBepCalbHMIT XapaKTep: i1oro eeKTUBHICTD 3a/IKUTD Bijj TAKMX KOHTEKCTYalIbHUX YMHHY-
KiB, sIK piBeHb OCBITH, COILlia/IbHO-eKOHOMIYHNII CTATyC, CKIIAHICT CUCTEMI OXOPOHU 3[0POB s Ta 1n¢poBa ZOCTYIIHICTh. Brms
HL mocumoeTbes y CHPUATINBUX CepPeflOBUILAX, TOCTA0MOETbCA B YMOBAX CK/IafHOI KOMYHIKAIIil Ta MOXKe He peaji3yBaTICs 3a
HAsIBHOCTI CTPYKTYPHMX OOMEXEHb.

Bucnosku. HL cif posIysajjaTti He JMIle K JeTePMiHAHTY, a 71 AK YMOBHUIT MeXaHi3M IOBeIiHKOBYX 3MiH, 1110 (PyHKIIIOHyE
B CHICTEMaX OXOPOHM 3[JOPOB’sl, OCBITI Ta COLia/IbHOTO CepefoBMIIa. 3alIpOIIOHOBaHa MOLe/b (GOPMYE TEOPETUUHO OOIPYHTOBAHY
OCHOBY 3 BU3HAY€HVMI IPUIMHHO-HAC/TIIKOBUMM HUIAXaMI, MeiaTOpaMy Ta TPaHNYHUMI YMOBAMH, 1[0 MOXKe Oy TU BUKOPUCTa-
Ha JI/I1 pO3pO0/IeHHs iHTerPOBAHNUX BTPYYaHb, CIIPAMOBAHNX Ha ITOKpALleHHs Pe3y/IbTaTiB 310POB s, IOMY/IsIPHU3ALiii0 aKTUBHOTO
CIIOCO0Y SKUTTSA Ta 3MEHIIIEHH: HepiBHOCT y cdepi 370poB’s.

KirouoBi croBa: MegyyHa rpaMOTHICTh, HABYaHHS AL[iEHTIB, 3MilHEHHS 310pOB s, Di3snYHA aKTUBHICTD, Qi3NvIHE BUXOBaH-
H, CHOPT, PO3ILIMPEHHs MOX/IUBOCTEN, CUCTEMI OXOPOHU 30POB’si, TPOMa/ICbKe 3/J0POB .
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Abstract

Objective. Adolescence, a critical transitional phase of life, is characterised by biological, psychological, and social
changes that may increase vulnerability to mental health problems. This review aims to provide an integrative
synthesis of the role of sport and physical activity in promoting mental health among adolescents, with a specific

focus on biological, psychological, and social mechanisms.

Materials and Methods. A narrative review was conducted using studies retrieved from major scientific databases,
including PubMed, Scopus, and Web of Science. Relevant articles were selected based on their focus on adolescents
(aged 10-24 years), physical activity or sport participation, and mental health outcomes. The evidence was analysed
using a thematic approach to identify patterns, relationships, and inconsistencies across studies.

Results. The review identified four main domains: neurobiological, psychological, social, and contextual. Overall,
the evidence indicates that physical activity contributes to adolescent mental health through multiple interconnected
pathways, including neurobiological mechanisms (e.g., regulation of neurotransmitters such as serotonin and
dopamine), psychological mechanisms (e.g., improved self-esteem), and social mechanisms (e.g., peer interaction).
However, the magnitude and direction of these effects appear to be strongly moderated by contextual and

environmental factors.

Conclusions. Sport represents a multidimensional factor in promoting mental health during adolescence. Its effects
should be interpreted within an integrated framework in which biological, psychological, and social mechanisms
interact dynamically. Rather than being universally beneficial, sport participation may produce both positive and
negative outcomes depending on the quality of the environment and the level of competitiveness. Future research
should focus on clarifying causal pathways and contextual moderators, as well as on developing context-sensitive and

mechanism-informed interventions.

Keywords: adolescent, mental health, sport, physical activity, health promotion.

Introduction

Adolescence is a transitional stage of development
characterised by profound biological, psychological, and
social changes that influence mental health trajectories into
adulthood. According to the World Health Organisation
(WHO), mental health is a state of well-being that enables
people to cope with life’s stresses, realise their potential,
learn effectively, work and contribute to their community;
health, therefore, is more than the mere absence of illness.
It is a multidimensional construct influenced by biological,
psychological, and social factors, particularly during
adolescence (WHO, 2021).

© Liguori, E, & Pelullo, C. P, 2026.
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Anyone can experience mental health problems at
any stage of their life. No single factor contributes to the
development of a mental health condition: this is the result
of a complex interaction of factors within the individual
and their social environment. In adolescence, a crucial
aspect of mental health is prevention and early intervention.
There is considerable evidence to suggest that the timely
identification of signs of psychological distress (such as
social withdrawal, a decline in academic performance, sleep
disturbances or behavioural changes) helps to reduce the risk
of mental health disorders becoming chronic. School-based
interventions, which include social-emotional learning
programmes, life skills promotion and psychological support,
have proven effective in improving psychological well-being
and reducing symptoms of anxiety and depression (WHO,
2021; OECD 2025).
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The prevalence of mental health disorders continues
to rise at an alarming rate. In the European Region, one
in six people (around 140 million) lives with a mental
health disorder, with an impact on daily life ranging from
mild to severe (WHO, 2024). Furthermore, adolescents’
mental health is also strongly influenced by the social
determinants of health, including socioeconomic status,
family background, access to health services and educational
opportunities. Adolescents from disadvantaged backgrounds
are at greater risk of developing mental health disorders,
partly due to chronic stress and fewer opportunities for
social participation. Such inequalities require structural
interventions and equity-oriented policies.

The WHO also draws attention to technology and
electronic devices: “The use of technology affects young
people’s mental health in complex and contradictory ways. It
can connect, inspire and educate, but it can also expose young
people to serious risks. The most common online dangers
include cyberbullying, unrealistic body ideals, self-harming
content, harmful marketing and invasive data collection”
(WHO, 2024). Another factor that is often underestimated
but can be crucial for mental health in adolescence is the
quality and quantity of sleep. Sleep deprivation, which
is increasingly common partly due to the evening use of
electronic devices, is associated with an increased risk of
anxiety, depression, irritability and cognitive difficulties.
Ensuring adequate sleep habits is therefore an important
protective factor for psychological well-being. Recent data
from studies conducted on Italian populations confirm the
high prevalence of sleep disorders among young people,
highlighting a close association between poor sleep quality,
use of digital devices and a deterioration in psychological
well-being (Gall¢ et al., 2025).

The latest CENSIS report indicates that 74.1% of Italians
say they have had direct or indirect experience of mental
health issues (34.2% personally, 36.3% through family
members or friends); 29.4% of people say they think about
their mental health every day or often (41.9% among young
people) and 44.3% at least occasionally (CENSIS, 2026).

During childhood and adolescence, anxiety disorders
are the most common psychiatric condition, and it is
estimated that, by the age of 18, one third of adolescents
will meet the criteria for an anxiety disorder (Merikangas
et al., 2010). Anxiety disorders have a multifactorial origin,
with genetic and neurobiological factors, environmental
and social factors, and temperamental factors all potentially
contributing.

According to Masi, children of a parent with an anxiety
disorder are seven times more likely to develop the same
condition during childhood (Masi et al., 2000). In children,
anxiety generally manifests in connection with school
or sporting performance, or the anticipation of social
engagements which the child experiences with a sense of
tension and anticipatory agitation, due to situations they
foresee or perceive as unpleasant or even threatening. In
pre-adolescence and adolescence, anxiety is instead linked
above all to exposure to social judgement and the avoidance
of situations that might expose them to negative judgements.

‘Drop-out, i.e. the early abandonment of sport and a
retreat into a sedentary lifestyle, is a common phenomenon
in adolescence. The reasons are linked to psychological
factors of demotivation and rejection of an environment too

often focused on performance, excessive competition, and
results as the sole objective.

Adolescenceis the period oflife, lasting approximately 10
years, that marks the transition from childhood to adulthood,
that is, from the onset of puberty to the age of 24 (Sawyer et
al., 2018). During this ontogenetic period, profound physical,
physiological and neuropsychological changes occur, which
are responsible for the vulnerability specifically associated
with adolescence; these changes can influence behaviour
and mental health in adulthood. It is during this phase that
the brain refines its efficiency in processing information and
acquires speed of communication between neurons whilst
remaining particularly plastic (‘brain plasticity’) and thus
becoming highly sensitive and receptive to stimuli from the
external environment (Giedd et al., 1999; Andrews et al.,
2021).

Adolescence, following childhood, can be considered
the ‘second critical period’ of neurobehavioral development
which, as regards the central nervous system, particularly
affects certain brain areas involved in the processing
of gratification (deriving from pleasant and fulfilling
experiences) and emotional states, such as fear, anger,
happiness, sadness and aggression. In adolescents, these
emotional states manifest with extremely variable intensity,
often with moments of extreme happiness rapidly alternating
with others of profound distress or depression.

Experimental and clinical evidence suggests that
temperament and certain behavioural traits characteristic
of adolescence, such as high emotional reactivity, risk
underestimation and a strong propensity for novelty seeking
(the pursuit of new experiences and sensations), are partly
attributable to a delayed physiological maturation of the neural
circuits in the prefrontal cortex that underlie executive functions
such as: the ability to reason critically, control impulses and
inhibit inappropriate behaviour. Whilst novelty-seeking
behaviour has significant adaptive value-as it drives adolescents
to separate from their parents, motivating them to explore the
world beyond the family sphere and to construct their own
identity-it can also lead to the pursuit of risky activities that
strongly stimulate the brain’s reward mechanisms, such as
extreme sports and, more generally, danger-defying behaviour,
or the use of psychoactive substances.

During adolescence, a period in which the ability to feel
empathy and understand the intentions and perspectives of
others is refined, socialisation plays an important role in the
construction of one’s identity. Being socially connected is a
fundamental human need, rooted in our evolutionary history
and therefore crucial for survival and emotional well-being.
Younger individuals may be more vulnerable to negative
social experiences at a stage of life when identity, social skills
and emotional regulation abilities are developing (Lamblin
et al,, 2017). Indeed, extensive evidence shows that, in the
case of children and adolescents, the number of friends, the
quality of these relationships, and peer relationships act as
protective factors for mental health (Schwartz-Mette et al.,
2020), whilst early school leaving (and the consequent loss
of peer socialisation processes) and social isolation represent
significantrisk factors (Egger etal., 2003; Finningetal.,2019).
This evidence highlights how the promotion of protective
social connections (support networks) and the fight against
stigma and discrimination are crucial actions in the early
stages of development and can act as a buffer against the
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emergence of mental health disorders. Conversely, negative
peer experiences, such as bullying, represent a significant risk
factor for psychological well-being. Recent studies highlight
how victimisation is associated with a poorer perception
of oneself and one’s physical appearance, particularly in
adolescents who are overweight or obese, contributing
to reduced self-esteem and increased emotional distress
(Ballarin et al., 2023). However, despite the large body of
literature supporting the positive role of sport, findings are
not always consistent. While many studies report beneficial
effects on mental health, others highlight neutral or even
negative outcomes, particularly in highly competitive or
performance-oriented contexts. This inconsistency suggests
that the relationship between sport participation and mental
health is dependent on multiple factors.

Therefore, an issue in the literature is the lack of a
multidimensional model explaining how physical activity
influences adolescent mental health considering biological,
psychological, and social domains. This gap limits the ability
to design effective and targeted interventions for mental
health promotion. Moreover, existing studies often examine
isolated outcomes, and as a result, it remains unclear how
different mechanisms interact.

Therefore, the aim of this narrative review is to provide
an integrative synthesis of the role of sport and physical
activity in promoting mental health among adolescents,
with particular attention to the biological, psychological,
and social mechanisms underlying these effects. This
narrative review addresses the following research questions:
1)What are the main biological, psychological, and social
mechanisms through which physical activity influences
adolescent mental health? 2) How do different types of sport
participation moderate these effects? 3) What are the main
inconsistencies in the current literature?

Materials and Methods

Study design

This study was conducted as a narrative review aimed to
provide an integrative synthesis of the relationship between
sport participation and mental health among adolescents.
Given the heterogeneity of study designs, outcomes, and
conceptual approaches in the existing literature, a narrative
approach was considered appropriate to explore and
interpret the complex biological, psychological, and social
mechanisms underlying this association. A systematic
review approach was not considered appropriate due
to the high heterogeneity of study designs, outcome
measures, and conceptual frameworks, which limits
the feasibility of quantitative synthesis and requires an
interpretative approach. However, to enhance transparency
and reproducibility, explicit criteria for study selection,
analytical boundaries, and synthesis procedures were
defined a priori. This review adopted a structured narrative
synthesis approach, informed by established methodological
guidance, to ensure transparency in study identification,
selection logic, and interpretation. Although not designed
as a systematic review, efforts were made to reduce selection
bias by applying consistent inclusion criteria and prioritising
studies that contributed to the understanding of underlying
mechanisms rather than simple associations.

Literature search strategy

The literature search was carried out using major
scientific databases, including PubMed, Scopus, and Web of
Science. Additional sources were identified through manual
screening of reference lists of relevant articles. The search was
conducted between January and March 2026 and included
combinations of the following keywords: “adolescents”,
“youth”, “sport”, “physical activity”, “mental health”, “well-
being”, “anxiety”, and “depression”. Search strings were
adapted for each database using Boolean operators (e.g.,
“adolescent AND (sport OR physical activity) AND (mental
health OR well-being OR anxiety OR depression)”).

The search focused on studies published between
2010 and 2025, in order to capture the most recent and
methodologically robust evidence on adolescent mental
health and physical activity. Earlier seminal studies were
included when considered theoretically relevant to the
interpretation of mechanisms. The initial search yielded
a broad pool of records, which were progressively refined
through screening procedures. The selection process
followed a structured and iterative logic aimed at identifying
conceptually relevant and methodologically sound studies.

Study selection and analytical boundaries

Studies were selected based on predefined inclusion
and exclusion criteria. Inclusion criteria were: 1) studies
involving adolescents aged 10-24 years; 2) studies examining
sport participation or physical activity as the main exposure;
3) studies reporting mental health outcomes (e.g., anxiety,
depression, well-being, self-esteem); 4) peer-reviewed
articles published in English; 5) empirical studies, systematic
reviews, or meta-analyses.

Exclusion criteria were: 1) studies focusing exclusively
on adults; 2) studies not addressing mental health outcomes;
3) editorials, commentaries, conference abstracts, or non-
peer-reviewed publications; 4) studies lacking sufficient
methodological clarity.

Adolescence was defined as the age range of 10-24 years,
in line with recent developmental frameworks that extend
adolescence to include young adulthood due to prolonged
social and neurodevelopmental transitions. However,
variability in age definitions across studies was considered
during the interpretation of findings.

The study selection process was conducted in two
stages. First, titles and abstracts were screened to exclude
clearly irrelevant studies. Second, full texts of potentially
eligible articles were assessed according to the inclusion
and exclusion criteria. The selection process followed a
structured and iterative logic aimed at ensuring conceptual
relevance and coverage of the main domains. Priority was
given to systematic reviews, meta-analyses, and longitudinal
studies, while cross-sectional studies were included when
they contributed to the identification of specific mechanisms
or contextual factors.

The analytical boundaries of the review were defined
to focus on mechanisms linking sport participation to
mental health outcomes, rather than on clinical treatment
effects or diagnostic processes. Studies were included
if they contributed to understanding at least one of the
following domains: neurobiological, psychological, social,
or contextual mechanisms.
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Data synthesis and analytical approach

The selected literature was analysed using a thematic
and interpretative approach.

Initially, the selected studies were grouped according
to the type of mechanisms and outcomes investigated.
Subsequently, studies were compared to identify recurring
patterns, convergences, and inconsistencies across the
literature (e.g., differences related to type of sport, intensity,
and context), to move beyond descriptive reporting toward
analytical interpretation).

This process allowed the identification of four main
analytical domains:

1) neurobiological mechanisms;

2) psychological mechanisms;

3) social mechanisms;

4) contextual and behavioural factors.

Rather than providing a purely descriptive summary, the
analysis aimed to interpret how these domains interact and
under which conditions sport participation may influence
mental health outcomes. Attention was given to identifying
variations in findings related to type of sport, intensity, and
contextual factors.

Results

The analysis of the included literature resulted in the
identification of four main domains through which sport
participation influences adolescent mental health: 1)
neurobiological mechanisms; 2) psychological mechanisms;
3) social mechanisms; 4) contextual and behavioural factors.
Across the included studies, evidence consistently converges
on the multidimensional nature of the relationship between
sport and mental health, although the strength and direction
of effects vary depending on contextual and individual
factors.

These domains interact dynamically, shaping mental
health outcomes through complex interactions between
individual and environmental conditions. Across the
analysed literature, three overarching evidence patterns
emerged: 1) a consistent positive association between sport
participation and mental health outcomes; 2) significant
variability in effect size and direction depending on
contextual and individual factors; and 3) the presence of
conditional or adverse effects in highly competitive or
unsupportive environments. These patterns indicate that the
relationship between sport and mental health is not uniform,
but conditional upon multiple interacting variables.

Sedentary behaviour and lifestyle factors

The WHO report from 2020 states that only 19% of
adolescents worldwide get enough physical activity (WHO,
2020). A 2021 ISTAT survey showed that, in Italy, the
situation is better; around 70% of adolescents aged between
11 and 17 take part in sport regularly, an increase from 67%
in 2019 (ISTAT, 2021), supporting the growing awareness of
the benefits of sport and physical activity in general.

Across studies, there is strong convergence in
identifying sedentary behaviour as a risk factor for poorer
mental health outcomes. However, the direction of causality
remains unclear, as several studies suggest a bidirectional

relationship in which lower mental well-being may also lead
to increased sedentary behaviour. Taking part in sport during
adolescence plays a relevant role for physical and mental
health. A consistent pattern across studies indicates that
sedentary behaviour is associated with poorer mental health
outcomes, particularly increased symptoms of anxiety and
reduced well-being. Importantly, several studies suggest that
lifestyle behaviours (e.g., physical activity, diet, sleep and
screen time) tend to cluster, creating cumulative effects on
both physical and mental health. Furthermore, adolescents
who play sport develop better cardiovascular endurance,
muscle strength and flexibility, promoting balanced physical
development and preventing chronic diseases such as type
2 diabetes and cardiovascular disease (Janssen & LeBlanc,
2010).

Regular physical exercise is also associated with better
stress regulation and healthier behavioural patterns. In
adolescents, it has been observed that engaging in regular
physicalactivity promotes theadoption ofhealthybehaviours,
including good eating habits and abstaining from alcohol
and smoking. Furthermore, recent studies conducted among
the Italian population highlight how a sedentary lifestyle
is frequently associated with unhealthy eating habits,
creating a combined risk pattern that can negatively affect
both physical and mental health (Calella et al., 2024). In
parallel, digital behaviours represent a growing component
of sedentary lifestyles. Media use among adolescents has
increased significantly over the last decade, facilitated by
constant access to mobile devices and the internet. Across
studies, increased screen time is consistently associated with
poorer mental health indicators, whereas sport participation
appears to act as a protective factor. However, the direction
of causality remains unclear, as physically active adolescents
may already differ in baseline psychosocial characteristics.

This finding is confirmed by the latest national Health
Behaviour in School-aged Children (HBSC) survey from
2022, which shows that, as children get older, both boys and
girls spend more time on social media and watching online
content, while patterns of gaming differ by age and gender
(HBSC, 2022).

Overall, these findings suggest that sedentary and
digital behaviours should be interpreted as part of a broader
lifestyle pattern, interacting with physical activity and
contributing to mental health outcomes. Sport participation
may therefore represent a potentially protective behavioural
alternative, reducing excessive screen time and promoting
more adaptive daily routines. Taking part in sport can be a
powerful strategy for preventing internet and video game
addiction, as sport offers an active and engaging alternative
to time spent online, reducing the risk of digital addiction
(Garcia-Ortiz et al., 2025). This suggests that sedentary
behaviour should not be interpreted as an isolated factor, but
as part of a broader behavioural pattern in which physical
activity, digital engagement, and lifestyle habits interact
cumulatively.

Neurobiological mechanisms

Physical activity also has a positive influence on
emotional well-being: regular exercise helps, for example, to
reduce levels of aggression and tension (Cantoia et al., 2017).
This effect is partly attributable to the release of endorphins,
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molecules naturally produced by the brain that act in a
similar way to antidepressants, promoting a general sense of
well-being. Evidence across experimental and observational
studies suggests a convergent association between physical
activity and neurobiological regulation mechanisms,
particularly involving neurotransmitter systems related to
mood and reward.

Among the main neurotransmitters involved in
regulating physical and mental well-being are:

o serotonin, associated with mood regulation and the

perception of happiness;

o dopamine, linked to reward and motivation

mechanisms;

o endorphins, which help to generate feelings of

relaxation and calm;

o oxytocin, which promotes the development of

interpersonal trust and positive emotions.

These neurobiological processes represent underlying
mechanisms through which physical activity exerts its effects,
interacting with psychological and social dimensions.

Across the literature, evidence on neurobiological
mechanisms shows a general convergence in short-
term experimental findings, particularly regarding
neurotransmitter regulation. However, inconsistencies
emerge in relation to the long-term stability and magnitude
of these effects, largely due to the limited availability of
longitudinal and directly measured neurobiological data.

However, the magnitude and persistence of these effects
remain uncertain, as many studies rely on indirect measures
and short-term observations rather than longitudinal
neurobiological data.

Psychological mechanisms

Evidence suggests that regular physical activity improves
mood and can reduce symptoms of depression and anxiety
(Biddle & Asare, 2011). A robust and recurrent finding
across the literature is the positive association between sport
participation and self-esteem, emotional regulation, and
reduction of depressive symptoms. However, some studies
report null or context-dependent effects, indicating that
psychological benefits are not universal and may depend
on factors such as motivation, perceived competence, and
type of sport. However, evidence also highlights that sport
participation may produce adverse psychological outcomes
under specific conditions. In particular, highly competitive
and performance-oriented environments have been
associated withincreasedlevelsof stress, performanceanxiety,
burnout, and reduced self-esteem. These findings indicate
that the psychological effects of sport are not universally
beneficial, but rather depend on the interaction between
individual characteristics and contextual factors such as
coaching style, motivational climate, and perceived pressure.
Participating in team sports, moreover, helps develop social
skills, self-esteem and a strong sense of belonging (Eime
et al,, 2013). At a stage of life full of emotional and social
challenges, these benefits are particularly valuable. Indeed,
sport is an important vehicle for teaching adolescents to
work proactively and constructively within a group sharing
the same objectives. Furthermore, according to Eccles and
Barber, “Participation in sport and other extracurricular
activities has been associated with lower levels of delinquent

behaviour and other problematic behaviours in adolescents”
(Eccles & Barber, 1999). Taking part in sporting activities
therefore provides a positive environment where young
people can form friendships and receive social support,
reducing the risk of isolation. These psychological benefits
are closely linked to both biological regulation and social
experiences within sport contexts.

Social mechanisms

Taking part in sport not only improves physical and
mental health, but also school life. Indeed, by acquiring
discipline, young athletes learn to manage their time better,
as they must balance study and training. This organisational
skill often translates into greater efficiency in their studies
and fewer late submissions.

There is strong and consistent evidence supporting
the mediating role of social factors, particularly peer
relationships and sense of belonging. However, the strength
of these effects varies depending on the quality of the social
environment, indicating that not all sport contexts equally
promote positive social outcomes.

Social mechanisms emerge as a central pathway, with
consistent evidence showing that peer interaction, sense
of belonging, and social support mediate the relationship
between sport and mental health.

Some research has highlighted how physical activity
contributes to improved brain function by increasing
blood and oxygen supply and promoting neurogenesis in
the hippocampus, a key area of the brain for learning and
memory processes. These findings suggest that social factors
not only have a direct effect, but also reinforce psychological
and emotional benefits, indicating a mediating and
moderating role.

Jacquelynne Eccles has demonstrated that students
involved in sporting activities tend to achieve better
academic results than their sedentary peers. These results
are said to stem not only from the development of good
time management but also from the enhancement of
problem-solving skills and the ability to work under
pressure (Fredericks & Eccles, 2006). Social mechanisms
therefore play a mediating role, reinforcing or attenuating
the psychological effects of sport participation.

Potential negative effects of sport participation

The analysis also revealed that sport participation is not
universally beneficial and may produce adverse outcomes
under specific conditions. An important inconsistency in
the literature concerns the dual nature of sport participation:
while most studies report beneficial effects, others highlight
adverse outcomes under specific conditions. Although the
benefits of sport are well documented, it is also important
to consider certain potential risks, particularly when
it is characterised by excessive competitive pressure or
unsupportive environments. In such contexts, adolescents
may develop stress, performance anxiety, burnout or reduced
self-esteem. Therefore, it is essential to promote educational
and inclusive sporting models, focused on the individual’s
overall well-being. In particular, highly competitive and
performance-oriented environments are more frequently
associated with stress, anxiety, and burnout, whereas
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recreational and autonomy-supportive contexts tend to
produce positive outcomes.

Adolescents who play sport regularly tend to develop
a greater sense of belonging and are less likely to become
isolated (Eime et al., 2013). In particular, team sports, by
promoting social interaction and interpersonal skills, are
thought to be more effective in countering social withdrawal.
A further benefit of participating in sport, in addition to
improving physical, mental, social and academic health,
is its significant contribution to preventing ‘addiction’
and dysfunctional behaviours associated with technology.
Society, parents and educators should therefore always
promote physical activity among young people, given its
crucial role in their overall development.

Among the variables associated with psychological well-
being, self-esteem plays an important role; it is a complex
component linked to cognitive aspects (the image people
have of themselves or the way they describe themselves),
affective aspects (how satisfied people are with themselves)
and social aspects, namely the assessment people make of
themselves in relation to the groups to which they belong,
and the extent to which they receive approval from the
members of those groups. Self-esteem has the fundamental
characteristic of being a purely subjective, dynamic and
changeable perception. It has been shown that physical
activity, particularly sport, as well as promoting social
integration, can boost self-esteem by helping to build
communityrelationships, involvingeveryone-eachaccording
to their abilities, skills and knowledge-in the creation of
collective well-being. The link between physical activity
and self-esteem is not direct but stems from the individual’s
perception of improvement in skills and abilities, as well as
in physical appearance and fitness. Therefore, an important
responsibility of sports and physical education teachers is to
help individuals who are new to physical activity and sport,
or who practise it regularly, to perceive these improvements.

Sport and mental health in contextual conditions

Across the world, the recent COVID-19 pandemic
has had a significant impact on people’s mental health and
social well-being (Francia et al., 2023; Valeriani et al., 2023).
Contextual disruptions such as the COVID-19 pandemic
provide further evidence that the relationship between
sport and mental health is highly context-dependent and
sensitive to environmental constraints. In addition to large-
scale contextual disruptions, evidence also indicates that
sport-specific environments play a crucial moderating role.
In particular, factors such as coaching style, motivational
climate, and levels of competitive pressure can either
enhance psychological well-being or contribute to adverse
outcomes such as anxiety, burnout, and dropout. The strict
social distancing measures (including school closures)
and restrictions on peer-based sporting and recreational
activities, implemented to curb infections, have consequently
led to disruptions in teaching/learning and socialisation
processes. Children, adolescents and young adults around
the world have experienced disruptions to their daily
routines and have been exposed to various risk factors for
mental health - including social isolation, loss of income
and family stress — which, as has long been noted, lead to
a consequent increase in levels of anxiety and depression

(Egger et al., 2003; Finning et al., 2019). During lockdown,
in our country too, there was an increase in requests for
help from parents regarding their children’s mental health
issues, confirming the many negative effects of prolonged
quarantine on adolescents’ lives: difficulty concentrating,
boredom, irritability, restlessness, nervousness, feelings
of loneliness, distress and worry. As might be expected,
adolescents spent more time using screens and digital
devices and engaged in less physical activity (Caffo et al,,
2020; Galle et al., 2020; Orgiles et al., 2020; Muzi et al., 2021;
Galle et al., 2022). Lockdown has also been linked to the
adoption of unhealthy lifestyles (poor diet, alcohol and
cannabis use, physical inactivity and prolonged screen time),
which represent a risk factor for adolescents’ growth and
development (Calella et al., 2024). The pandemic and social
containment measures have not only exposed adolescents
and young adults to particularly worrying risks (especially
given that most mental health disorders typically emerge
during this stage of life) but have also worsened the condition
of those already suffering from mental health issues.

International organisationsand institutions are increasingly
focusing on the promotion and prevention of mental
health for what has been termed the ‘COVID Generation,
including initiatives to encourage greater participation within
communities, schools, workplaces and families.

Adolescents and young adults who engage in outdoor
activities and spend time in green spaces (including sporting
activities) build resilience to environmental stressors, thereby
mitigating their potential long-term consequences. A study
conducted by the Reference Centre for Behavioural Sciences
and Mental Health (SCIC) at the Italian National Institute
of Health examined the behaviours and habits of Italians
regarding their use of green spaces during the pandemic.
Contrary to expectations, changes in leisure habits appeared
more significant among younger people, for whom, in
particular, a decrease in time spent outdoors and in green
spaces was observed. Older people, by contrast, were less
likely to give up outdoor activities, socialising and the use of
green spaces (Medda et al., 2021). Promoting psychological
well-being and socio-emotional skills and ensuring access
to early interventions for adolescents and young adults, are
public health priorities, particularly given that mental health
problems and social exclusion can extend into adulthood,
compromising health and limiting opportunities for a
healthy and peaceful life (UNICEE, 2021).

Based on the identified domains, a structured synthesis
of the main mechanisms linking sport participation and
adolescent mental health is summarized in Table 1.

Overall, these results highlight that the relationship
between sport and mental health is multidimensional and
context-dependent, emerging from the interaction between
biological, psychological, and social processes rather than
from a single causal pathway. Importantly, the synthesis
suggests that sport participation should be conceptualised
not as a uniform exposure, but as a context-sensitive system
whose effects depend on the interaction between individual,
social, and environmental factors.

Discussion

This narrative review provides an integrative synthesis of
the relationship between sport participation and mental health
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Table 1. Thematic synthesis of mechanisms about sport participation and mental health in adolescents

Domain Mechanism Evidence pattern Inconsistencies Implications
Neurobiological Neurotransmitter Convergent evidence Limited longitudinal and Need for longitudinal and
domain regulation (serotonin, of short-term effects direct neurobiological mechanistic studies to

dopamine, endorphins, of physical activity measurement data confirm causal pathways
oxytocin) on neurochemical
regulation
Psychological Self-esteem, emotional Strong and consistent Effects vary according Promote autonomy-
domain regulation, anxiety and association between to motivation, perceived supportive and

Social domain

Contextual domain

Contextual domain
(adverse effects)

depression reduction

Peer interaction, social
support, sense of belonging

Coaching style,
motivational climate,
competitive pressure,
sedentary behaviour,
digital/ screen use, sport
drop-out risk

Performance pressure,
burnout, overtraining,
anxiety, dropout

sport participation and

improved psychological
well-being

Consistent evidence for
mediating role of social
relationships in mental

health benefits

Strong evidence that
contextual factors
moderate both positive
and negative outcomes

Evidence of negative
outcomes in high-
performance

or controlling
environments

competence, and sport
type

Variation depending
on quality of social
environment and group
dynamics

High heterogeneity
across sport settings and
digital exposure patterns

Highly dependent on
competitive level and
psychosocial climate

psychologically safe sport
environments

Enhance inclusive,
cooperative, and socially
supportive sport contexts

Design interventions
focused on quality of
experience rather than
participation alone

Implement safeguarding
strategies in youth sport
systems

among adolescents, highlighting the multidimensional and
context-dependent nature of this association. This synthesis
is structured around a 4-domain model (neurobiological,
psychological, social, and contextual), which emerged from the
thematic analysis of the included studies. Overall, the findings
suggest that sport participation should be conceptualised not
as a uniform protective factor, but as a complex and context-
sensitive exposure, whose effects emerge from the interaction
between biological, psychological, and social mechanisms
(Biddle & Asare, 2011; Eime et al., 2013). A key contribution
of this review is the conceptual integration of evidence
into a multidimensional framework, in which biological,
psychological, and social mechanisms interact dynamically
rather than operating as independent pathways. This
integrative perspective supports the conceptualisation of sport
participation as a dynamic and context-sensitive system, rather
than a uniform behavioural exposure. Within this system,
mental health outcomes emerge from the interaction between
neurobiological regulation, psychological processes, and social
experiences, moderated by contextual and environmental
factors (Lamblin et al., 2017; Schwartz-Mette et al., 2020).

Rather than representing a uniformly protective factor,
sport emerges as a context-dependent exposure whose
effects vary according to environmental, motivational, and
relational conditions. However, the evidence also highlights
that these benefits are not automatic or universal but are
strongly influenced by contextual and organisational factors.
This variability represents one of the central findings of the
present review.

The literature analysed indicates that the mental health
benefits of sport are mediated by multiple mechanisms.

Across studies, three main interacting pathways emerge:
1) neurobiological regulation; 2) psychological processes;
and 3) social integration (Biddle & Asare, 2011; Eime et
al., 2013; Lamblin et al., 2017). These pathways should be
interpreted as interdependent rather than additive.

These findings are consistent with previous systematic
reviews indicating a positive association between physical
activity and mental health in young populations (Biddle
& Asare, 2011; Eime et al., 2013). However, compared to
previous reviews, the present study explicitly highlights the
interactions between mechanisms and the role of contextual
moderators.

At the same time, the literature shows variability in effect
size and consistency, suggesting that not all forms of sport
are equally beneficial (Eime et al., 2013; Francia et al., 2023).
This heterogeneity suggests that the relationship is not linear,
but conditional. In particular, the evidence suggests that the
same sport participation may produce divergent outcomes
depending on the quality of the environment in which it occurs,
highlighting the central role of contextual moderators (Eccles &
Barber, 1999; Fredericks & Eccles, 2006).

In particular, competitive and performance-oriented
environments may attenuate psychological benefits or even
contribute to stress-related outcomes. This may be explained
by increased external pressure and reduced autonomy, which
are known to negatively affect intrinsic motivation.

A key finding of this review is that the relationship
between sport and mental health is dependent on the context.
Factors such as motivational climate, peer relationships, and
perceived pressure significantly influence outcomes. More
specifically, contextual variables act as moderators that can
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either enhance or reverse the expected benefits of sport
participation.

Supportive and autonomy-oriented environments tend
to enhance psychological benefits, whereas overly competitive
or controlling contexts may increase anxiety, burnout, and
dropout risk (Eime et al., 2013; Francia et al., 2023). This
supports a socio-ecological interpretation, in which individual
outcomes are shaped by interactions between personal and
environmental factors (WHO, 2021; OECD, 2025).

Socioeconomic and structural factors further influence
both access to sport and its potential benefits, reinforcing
health inequalities. Although sport is generally associated with
positive outcomes, this review also highlights potential adverse
effects. These include performance anxiety, overtraining,
burnout, and early dropout, particularly among adolescents
exposed to highly competitive pressure (Francia et al., 2023;
Eime et al., 2013). This distinction is essential for both research
interpretation and intervention design.

Therefore, the assumption that sport is inherently
beneficial for mental health should be reconsidered, as
its effects are contingent upon specific contextual and
organisational conditions.

These findings underline the importance of
distinguishing between recreational, educational sport and
elite, performance-driven sport when evaluating mental
health outcomes (Biddle & Asare, 2011; Eime et al., 2013).

Building on this synthesis, sport participation can be
conceptualised as a dynamic system of interacting pathways
rather than a single behavioural factor. This model contributes
to advancing the literature by explaining not only whether sport
is beneficial, but under which conditions and through which
mechanisms these benefits occur. The findings have implications
for the design of sport-based interventions targeting adolescent
mental health. Interventions should therefore prioritise quality
of experience (e.g., supportive environments, autonomy)
over mere participation rates. In particular, school-based
programmes represent a key setting for implementing such
approaches (WHO, 2021; OECD, 2025).

Overall, this review contributes to advancing the
literature by shifting the focus from whether sport is
beneficial to how, for whom, and under which conditions
it may promote or hinder mental health outcomes (Biddle
& Asare, 2011; Eime et al., 2013; Francia et al., 2023). This
perspective enables a more nuanced interpretation of
existing evidence and supports the development of targeted,
context-sensitive interventions.

Limitations

This narrative review has limitations related to its non-
systematic approach and the potential for selection bias in
the included literature. Additionally, the narrative nature
of this review does not allow for quantitative estimation of
effect sizes, which should be addressed in future systematic
research. Indeed, future research should aim to clarify causal
pathways using longitudinal designs and to differentiate
more clearly between types of sport, competitive levels, and
contextual conditions.

Conclusion

This narrative review highlights that sport participation
represents a relevant and multidimensional factor

influencing adolescent mental health through biological,
psychological, and social mechanisms. However, its
effects are not uniform and depend strongly on contextual
conditions such as the motivational climate, type of sport,
and level of competitiveness.

Overall, sport should not be considered a universally
protective factor, but rather a complex intervention that
can either enhance or hinder psychological well-being in
adolescence.

An active and healthy lifestyle is a key determinant of
psychological and physical well-being, particularly when
supported by positive social and environmental conditions.
Furthermore, when physical activity is undertaken
collectively, its beneficial effects on mental health are
enhanced by social interaction and peer support.

Maintaining regular physical activity from an early age may
contribute to long-term cognitive, emotional, and behavioural
benefits across the life course. These findings highlight the
need for integrated, context-sensitive approaches to sport
promotion that prioritise psychological well-being alongside
physical health. Future interventions should focus on creating
supportive, inclusive, and non-competitive environments
that maximise the positive effects of sport while minimising
potential risks such as burnout, anxiety, and dropout.

Reframing sport as a context-dependent system rather
than a universally protective factor represents a critical step
toward more effective and evidence-informed mental health
promotion strategies in adolescence.
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Abstract

Objective. The effectiveness of physical education programs often varies because the specific contribution of exercise
sequencing and load progression to fitness outcomes remains insufficiently understood. This study examined how
deliberate control of exercise order and progressive load distribution in an 8-week program affects speed, agility,

explosive power, and endurance in U17-U18 students.

Materials and Methods. Fifty male students aged 17-18 years were randomly assigned to an experimental group (n =
25) and a control group (n = 25). The experimental group completed the structured program three times per week for
eight weeks. Physical fitness was assessed using the 30-m sprint, Illinois agility test, standing long jump, and Cooper
12-minute run test.

Results. The experimental group showed statistically significant improvements in all four parameters (p < 0.05), with

large effect sizes (Cohen’s d = 0.83-1.10), whereas the control group showed no significant changes.

Conclusions. The improvements resulted from the sequencing in which speed and agility drills preceded explosive
strength exercises, while endurance activities concluded each session, together with progressive load distribution
across three microcycles. When this specific order and load progression are followed, substantial gains across
multiple fitness components can occur simultaneously. These findings demonstrate that deliberate changes in exercise
sequencing and load parameters can influence the magnitude and balance of fitness development, indicating that
outcomes are determined by the structured interaction of training components rather than by isolated exercises.
Keywords: physical education, physical fitness, adolescents, exercise sequencing, load distribution, speed, agility,

explosive power, endurance.

Introduction

Physical education is widely recognized as a fundamental
component of adolescent health and development (Janssen
& LeBlanc, 2010; Ortega et al., 2008). Numerous studies have
demonstrated that regular participation in physical activity
improves various components of physical fitness, including
speed, agility, muscular power, and endurance (Kriemler et
al., 2011; Lubans et al., 2018).

However, despite the widespread implementation of
school-based physical education programs, their effectiveness
remains inconsistent across different contexts and populations

© Valiyev, Y., Aliyev, S., Tagiyev, A., Huseynova, K., Hasanov, T.,
& Aliyev, N., 2026.

@ PETM
f LLCOVS

(Lai et al., 2014). In many cases, standard physical education
programs are applied without a clearly defined internal structure
or controlled interaction between training components. As
a result, improvements in physical fitness are often uneven,
unpredictable, or limited to specific abilities.

This reveals a fundamental contradiction in the
current system: physical education programs are broadly
implemented in schools, yet they do not consistently ensure
balanced and predictable development of multiple physical
fitness components. The core problem lies in the insufficient
understanding of how specific training structure parameters
— particularly the sequencing of exercise modalities and the
progression of load — determine physical fitness outcomes
(Granacher & Borde, 2017; Lonsdale et al., 2013).

The aim of this study was to investigate the effects of
a structured 8-week physical education training program,
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in which the sequencing of exercise modalities (speed and
agility drills preceding explosive strength exercises, with
endurance concluding each session) and progressive load
distribution were deliberately controlled, on speed, agility,
explosive power, and endurance in U17-U18 students.

From this perspective, the object of the study is physical
education training programs in adolescents, whereas
the subject concerns the influence of specific training
structure parameters — exercise sequencing and load
progression — on multiple components of physical fitness.
The contradiction lies in the fact that physical education
programs are widely implemented in school settings, yet
they do not consistently produce balanced and predictable
improvements across fitness components. Accordingly, the
research problem concerns the insufficient understanding
of how exercise sequencing and load progression determine
physical fitness outcomes.

Materials and Methods

Study Design

This study employed an experimental pre-test and post-
test design to examine the effects of an eight-week general
physical education training program on selected physical
fitness parameters.

Participants

A total of 50 male students aged 17-18 years studying
in the coaching specialization voluntarily participated in
this study. The participants were randomly divided into an
experimental group (n = 25) and a control group (n = 25).
All participants were physically active and regularly attended
practical physical education classes. None of the participants
had medical conditions that could restrict participation in
physical activity.

Training Program

The experimental group participated in an eight-week
physical education training program conducted three times
per week. Each session lasted 45-60 minutes and consisted
of warm-up (10 min), main training activities (30-40 min),
and cool-down (5-10 min). The control group continued
with their regular physical education classes without
additional structured intervention.

The training program was structured by deliberately
manipulating specific parameters: exercise sequencing, load
progression, and rest intervals.

Control variables were: (1) Sequencing of exercise
modalities within each session: speed and agility drills >
explosive strength exercises > endurance-oriented activities;
(2) Progressive load distribution across the 8 weeks, divided
into three microcycles (weeks 1-3: familiarization with
moderate volume and intensity; weeks 4-6: increased
exercise density and complexity; weeks 7-8: consolidation
phase with higher intensity while maintaining balance);
(3) Rest intervals between training blocks (2-3 minutes) to
support sequential interaction of stimuli.

Dependent variables (outcome measures):

o sprint speed (30-m sprint time);

o agility performance (Illinois test time);

« explosive power (standing long jump distance);

» endurance capacity (Cooper test distance).

Interaction scheme and expected effect pathway:
Speed and agility drills at the start of each session increase
performance readiness and rate of force development,
which modifies the response conditions for subsequent
explosive strength stimuli. This change enhances the
response to the following explosive strength exercises,
leading to greater improvements in force production.
The resulting improvement in power and coordination
then improves running economy during the endurance
component, allowing greater distance to be covered in
the Cooper test. The effect is cumulative: each component
alters the effectiveness of the next one through changes in
performance conditions and movement efficiency. The effect
emerges from a sequential dependency, where each training
component modifies the initial conditions of the subsequent
stimulus, thereby determining its effectiveness.

System model:

o Inputs: Manipulated training structure (sequencing
of modalities + progressive volume/intensity
parameters + controlled rest intervals).

« Transformation: Sequential interaction that produces
cumulative changes in force production efficiency
and movement economy.

o Outputs: Concurrent improvements in 30-m sprint
time, Illinois agility time, standing long jump
distance, and Cooper 12-minute run distance.

Established regularity: If training sessions are organized
with speed and agility exercises preceding explosive strength
work and endurance activities concluding the session,
combined with progressive and balanced load distribution
over 8 weeks, then U17-U18 students show simultaneous
large improvements (Cohens d = 0.83-1.10) in speed,
agility, explosive power, and endurance. Disruption of this
sequencing or unbalanced load distribution reduces the
magnitude or balance of these gains.

The warm-up phase included light jogging and dynamic
mobility exercises. The main training phase incorporated
speed drills (e.g., 10-30 m accelerations), agility exercises
(e.g., change-of-direction patterns), body-weight strength
exercises (squats, lunges, plyometric jumps), and interval
running. Exercise volume and intensity progressed
according to the microcycle plan. Rest intervals and exercise
order were strictly controlled. The cool-down consisted of
static stretching and breathing exercises.

Testing Procedures

Physical fitness parameters were measured before and
after the eight-week intervention.

Sprint speed was assessed using the 30-m sprint
test. Agility was evaluated using the Illinois Agility Test.
Explosive power was measured using the standing long jump
test. Endurance capacity was assessed using the Cooper
12-minute run test.

Statistical Analysis

All statistical analyses were performed using IBM SPSS
Statistics software. Descriptive statistics were expressed
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as mean * standard deviation (SD). The normality of the
data distribution was examined using the Shapiro-Wilk
test. Within-group pre-test and post-test differences were
analyzed using paired samples t-tests. Effect sizes were
calculated using Cohen’s d. Statistical significance was set
atp <0.05.

Results

Participant Characteristics

The anthropometric characteristics of the participants
are presented in Table 1. No significant differences were
observed between the experimental and control groups at
baseline, indicating that both groups were homogeneous
before the intervention.

Table 1. Participant characteristics (Mean + SD)

Variable Experimental (n = 25) Control (n = 25)
Age (years) 174+ 0.5 17.5+£0.4
Height (cm) 174.2 £ 6.1 173.8 £5.9
Weight (kg) 66.5+7.2 65.9 + 6.8

Changes in Physical Fitness Parameters

Pre-test and post-test values of all measured physical
fitness variables in the experimental and control groups are
presented in Table 2.

Overall, statistically significant improvements were
observed only in the experimental group, while the control
group showed no significant changes across the measured
variables.

Sprint Performance

Sprint performance improved significantly in the
experimental group following the eight-week training
program. The mean sprint time decreased from 4.62 + 0.21 s
in the pre-test to 4.45 + 0.18 s in the post-test (p = 0.003). In
contrast, the control group did not demonstrate a statistically
significant change in sprint performance (p > 0.05).

Agility Performance

A significant improvement in agility performance was
observed in the experimental group. The Illinois agility

test results decreased from 16.20 + 0.60 s to 15.45 £+ 0.55 s
(p = 0.001). However, no significant differences were
detected in the control group (p > 0.05).

Explosive Power

Explosive power assessed by the standing long jump
test increased significantly in the experimental group. The
average jump distance improved from 205 + 15 cm to 218 +
16 cm (p = 0.002). The control group did not show significant
improvements in this parameter (p > 0.05).

Endurance Performance

Endurance capacity measured by the Cooper 12-minute
run test also showed a significant improvement in the
experimental group. The mean running distance increased
from 2400 + 180 m to 2570 + 190 m (p = 0.001). No
statistically significant changes were observed in the control
group (p > 0.05).

Effect Size

Effect size analysis indicated large effects of the training
program on the measured physical fitness parameters.
Cohen’s d values were 0.83 for sprint performance, 1.10 for
agility, 0.85 for standing long jump, and 0.92 for endurance
performance, indicating substantial improvements following
the intervention.

In addition to statistically significant within-group
improvements, descriptive comparisons indicated that
the magnitude of change was consistently greater in the
experimental group than in the control group across all
measured variables. These effect sizes indicate that the
observed improvements were not only statistically significant
but also practically meaningful.

Discussion

The present study revealed statistically significant
improvements with large effect sizes (Cohen’s d = 0.83-1.10)
across speed, agility, explosive power, and endurance in
the experimental group, while the control group showed
no meaningful changes (Ardoy et al., 2011; Andrade et al,,
2014; Kriemler et al., 2011). Importantly, the magnitude
of improvement was not uniform: agility and explosive
power demonstrated the largest gains, whereas endurance

Table 2. Pre-test and post-test comparison of physical fitness variables in experimental and control groups

Test Group Pre-test Post-test p
30 m sprint (s) Experimental 4.62+0.21 4.45+0.18 0.003
30 m sprint (s) Control 4.63+0.22 4.60 +0.20 0.214
Agility (s) Experimental 16.20 £ 0.60 15.45+0.55 0.001
Agility (s) Control 16.18 £ 0.58 16.10 + 0.60 0.187
Standing long jump (cm) Experimental 205.00 + 15 218.00 £ 16 0.002
Standing long jump (cm) Control 204.00 + 14 206.00 + 15 0.261
Cooper test (m) Experimental 2400.00 + 180 2570.00 + 190 0.001
Cooper test (m) Control 2410.00 = 175 2435.00 + 180 0.173
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showed comparatively moderate but still substantial
progress (Castro-Pifiero et al., 2010; Hachana et al., 2013;
Ortega et al., 2008). This differentiated pattern suggests that
adaptations were shaped by the internal organization of the
training session rather than by a general training stimulus
(Granacher & Borde, 2017; Lonsdale et al., 2013).

The proposed mechanism — sequencing speed and agility
drills at the beginning of each session to create performance
readiness, followed by explosive strength exercises, and
concluding with endurance activities — is directly supported
by the observed results (Ardoy et al., 2011; Granacher & Borde,
2017). Early neuromuscular activation likely enhanced force
production efficiency and rate of force development, which
amplified the effectiveness of subsequent strength stimuli
(evidenced by notable gains in standing long jump) (Castro-
Piferoetal.,,2010; Ruizetal., 2009). The resulting improvements
in power and coordination then contributed to better movement
economy during the endurance component (Lang et al., 2018;
Ortega et al,, 2008). This sequential dependency explains why
concurrent development across multiple fitness domains was
achieved without the interference effects commonly reported in
unstructured concurrent training programs (Duncombe et al.,
2022; Martin-Smith et al., 2020; Cao et al., 2019).

These findings are consistent with previous research
showing that exercise order significantly influences training
adaptations (Granacher & Borde, 2017; Lonsdale et al.,
2013). Studies have demonstrated that performing high-
velocity or skill-based exercises in a non-fatigued state
produces superior gains in power and speed compared to
fatigued conditions (Castro-Pifiero et al., 2010; Hachana et
al., 2013). Concurrent training literature further indicates
that simultaneous improvements in strength and endurance
are possible when training stimuli are carefully ordered,
but interference often occurs when endurance precedes
strength work (Cao et al., 2019; Duncombe et al., 2022;
Martin-Smith et al., 2020). In contrast to many school-
based interventions that report isolated or uneven gains
(e.g., Ardoy et al., 2011; Granacher & Borde, 2017), the
present study achieved large concurrent effects by explicitly
controlling sequencing and load progression. Thus, this work
contributes to the literature by showing that the structure
of interaction between components, rather than their mere
combination, determines the balance and magnitude of
fitness development in adolescents (Kriemler et al., 2011;
Lai et al., 2014; Neil-Sztramko et al., 2021).

Alternative explanations, such as increased overall
training volume, progressive overload alone, or heightened
participantmotivation, cannotbe entirelyruled out (Lonsdale
et al., 2013; Lubans et al., 2018). Progressive overload is
a well-established driver of adaptation, and adolescents
generally respond positively to structured physical activity
(Dobbins et al., 2013; Neil-Sztramko et al., 2021). However,
the control group, which maintained regular physical
education classes with similar weekly exposure, exhibited
no significant changes (Andrade et al., 2014; Kriemler et
al., 2011). Moreover, if volume or general intensity were the
dominant factors, more uniform improvements across all
components would be expected (Lai et al., 2014; Huhtiniemi
et al., 2023). The component-specific variation observed
here (larger gains in agility and power) supports the primacy
of the sequencing mechanism over non-structural factors
(Castro-Pifero et al., 2010; Hachana et al., 2013).

In summary, the results validate the proposed
mechanism: the training outcome functioned as a direct
consequence of the manipulated structure (exercise order
and load progression) (Ardoy et al., 2011; Granacher &
Borde, 2017; Lonsdale et al., 2013). When this structure
was maintained, predictable concurrent gains occurred; any
deviation would be expected to reduce transfer between
components (Duncombe et al., 2022; Pérez-Ramirez et al.,
2024; Pérez-Ramirez et al., 2025). These findings highlight
that physical fitness development in physical education can
be made more controllable by focusing on the organization
of training stimuli rather than on content alone (Kriemler et
al., 2011; Dobbins et al., 2013; Neil-Sztramko et al., 2021).

Despite these strengths, limitations should be noted.
The 8-week duration limits conclusions about long-term
retention, the sample was restricted to male adolescents
aged 17-18, and the program relied primarily on body-
weight exercises (Lai et al., 2014; Huhtiniemi et al., 2023).
Future research should examine whether similar structural
effects hold in females, younger age groups, and programs
incorporating external loads (Olsen et al., 2024; Pérez-
Ramirez et al., 2024; Pérez-Ramirez et al., 2025).

Conclusion

The 8-week training program led to statistically
significant improvements with large effect sizes in speed,
agility, explosive power, and endurance in U17-U18 students.
These gains were determined by the specific sequencing
of exercise modalities and the progressive distribution of
training load. Speed and agility drills performed at the
beginning of each session increased the effectiveness of
subsequent explosive strength exercises, while the resulting
improvements in power and coordination contributed to
better endurance performance.

When training sessions are organized with speed and
agility preceding explosive strength, with enduranceactivities
concluding the session, and with balanced progressive load
distribution, concurrent large improvements across multiple
fitness components occur. Disruption of this sequencing or
load balance limits the magnitude or the concurrent nature
of the gains.

The results indicate that physical fitness outcomes
in physical education can be made more predictable and
modifiable through deliberate control of exercise order and
load parameters. This confirms that the training outcome is
a controllable function of program structure rather than a
result of isolated exercises.
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BnnuB 8-T>KHeBOI nporpammn ¢is4YHOro BUXOBaHHA
Ha ¢i3nyHy nigroroBneHicTb yuHis U17-U18

HOcip Banies'*5<P, Ceiimyp AnieB'*5P, ABa3 TarieB'‘P,
Kidaer I'yceitnoBa'®*“P, Typaun lacanos'“®, Hasim AnieB'Ac"

"HaxiueBaHCHKMII Iep>KaBHUIT YHIBEPCUTET

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

Pedepar. Crarrs: 7 ., 2 TabL., 22 IKepena.

Mera. EdpextuBHicTh mporpam isyHOro BUXOBAHHS 9aCTO Bapilo€, OCKIIbKY CrienipivHmii BHECOK ITOCTITOBHOCTI BIIpaB i
nporpecii HaBaHTa)XeHH: Y pOpMyBaHHs OKa3HUKIB (isnyHOI HIArOTOB/IEHOCT] 3a/IMIIAE€THCS HETOCTATHDO 3 sAcoBanuM. Lle mo-
CITiJIPKEHHA BUBYAJIO, K Lji/IeclIpsAMOBaHe KePyBaHHA NOPAJKOM BUKOHAHHA BIIPaB i IPOrpecMBHMM PO3IO/iZIOM HaBaHTaXKEHHA
BIIPOZIOBXK 8-TIDKHEBOI IIPOrpaMyl BIUIMBA€E Ha IIBUAKICTD, CIIPUTHICTD, BMOYXOBY CHITYy Ta BUTpMBaicTb yunis U17-U18.

Marepianu Ta Metomu. IT'aATecaT y4HiB yomoBivoi crari BikoMm 17-18 poxis 6y/nu BUNaKOBO PO3IOJi/IeHi Ha eKCIIePUMEeH-
Ta/nbHy rpymy (n = 25) i KOHTpO/IBHY rpymy (n = 25). ExcriepnMeHTanbHa IpyIia BUKOHYBa/IA CTPYKTYPOBaHY IPOrpamy Tpudi Ha
TIDKZEHD IIPOTATOM BOChMM TIDKHIB. Pi3n4Hy IiirOTOBIEHICTD OLiHIOBa/IN 3a JOIIOMOTroM0 6iry Ha 30 M, IntiHOMIChKOrO TecTy Ha
CIIPUTHICTD, CTpUOKa B JOBXIHY 3 Miclist Ta 12-xBumMHHOrO Tecty Kymepa.

PesynbraTi. B excriepuMeHTaIbHil IPyIIi BUSABICHO CTATUCTUYHO 3HAYYIIE TOKPAIIEHH: 3a BCiMa 4OTHpMa ITOKa3HUKaMu (p
< 0,05) i3 Bemkumu posmipamu edexry (Cohen’s d = 0,83-1,10), Tozi sIK y KOHTPOJIBHII IPYIIi CTATUCTIYHO 3HAYYLINX 3MiH He
3a(ikcoBaHO.

Bucnosku. ITokpaieHHs 6y 3yMOBJIEH] TaKOKO MTOCTIZOBHICTIO BUKOHAHHSI BIIPaB, 3a SIKOI BIIPABYU Ha IIBMUAKICTD i CIIpUT-
HICTH IepefyBaIM BIpaBaM Ha BUOYXOBY CIITY, @ BIIPaBM HAa BUTPUBAIICT 3aBEpLIYBA/IN KOXKHE 3aHATTS, ¥ IOEAHAHHI 3 Ipo-
IPeCUBHMM PO3IO/i/IOM HaBaHTA)KEHH: BIIPOJOBK TPbOX MiKPOIMKIIiB. 3a IOTPMMAHHSA caMe TaKOro IIOPAJKY BIIpaB i mporpecii
HaBAaHTAXXEHHsI MOX/IMBE OAHOYACHE CYyTTEBE MOKPAI[eHHs Ki/TbKOX KOMIIOHEHTIB (pisnduHOI miprorosnexocti. OTpuMaHi pesyib-
TaTU CBi/f4aTh, IO Lli/IeCOPAMOBaHi 3MiHM IIOC/IiIOBHOCTI BIIPaB i TapaMeTpiB HaBaHTA)KEHHA MOXKYTb BIUIMBATHU Ha BEIMYMHY Ta
OajlaHC po3BUTKY PI3UYHMX SKOCTE, 110 BKa3y€ Ha BU3HAYA/IbHY PO/Ib CTPYKTYPOBaHOI B3a€MOJIil KOMIIOHEHTIB TPEHYBaHH:, a
He OKPEMUX BIIPaB.

Knrouosi cnosa: (’pisI/mHe BUXOBaHHS, (bi3MqHa MiATOTOBIEHICTD, MifI/IITKM, IOCTiJOBHICTD BIIpaB, PO3NOJi/l HaBaHTa>KEHHS,
MIBUJIKICTD, CHIPUTHICTD, BUOYXOBa CUJIa, BUTPUBAICTD.
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Abstract

Background. The long-pass kicking technique is a fundamental skill in football that can significantly influence match
dynamics and contribute to team success. However, this technique remains a major challenge for youth football
athletes, as it is often insufficiently emphasized in training programs. Therefore, an effective and structured training

model is needed to improve long-pass performance.

Objectives. This study aimed to examine the effectiveness of the BLAST training model in improving long-pass

kicking technique among youth football athletes.

Materials and Methods. This study employed a quasi-experimental design with a pretest-posttest control group
approach. A total of 50 participants were divided into an experimental group (n = 25), which received the BLAST
training model, and a control group (n = 25), which underwent conventional training provided by their coaches.
The Rumi long-pass test was administered during both the pre-test and post-test to assess performance. Data were
analyzed using descriptive statistics, the Shapiro-Wilk normality test, Levene’s test of homogeneity, ANCOVA,

independent samples t-tests, and N-gain score analysis.

Results. The findings revealed that both groups showed improvements in long-pass kicking performance after the
intervention. However, the experimental group demonstrated significantly greater improvement than the control
group (p < 0.05). The experimental group achieved an average N-gain score of 62.56% (moderately effective), whereas

the control group reached only 22.99% (low effectiveness).

Conclusions. The results indicate that the BLAST training model is more effective than conventional training
methods in improving long-pass kicking technique among youth football athletes.

Keywords: BLAST model, long-pass kicking, football training, youth athletes, skill development.

Introduction

Football is one of the most widely played and globally
popular sports, characterized by complex interactions
between technical skills, tactical strategies, and team
coordination. Team success is closely linked to players’
technical proficiency and the effectiveness of structured
training programs that support optimal performance. As
a collective sport, football requires continuous interaction
among players to achieve shared objectives (Baroni et al.,
2020), where individual technical skills directly influence
overall team performance (Kvas-Cabral et al., 2022).

© Fahrizqi, E. B, Rihatno, T., & Pelana, R., 2026.
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Among fundamental technical skills, kicking plays
a central role in determining both individual and team
effectiveness. In particular, passing is a dominant component
of gameplay, functioning not only to maintain possession
but also to connect defensive and offensive phases (Burcak,
2015). Passing can be broadly categorized into short and long
passes, each serving distinct tactical purposes (Marsyanurdin
et al,, 2023). Previous studies have demonstrated a strong
relationship between passing activity and team success, with
passing accuracy identified as a key determinant of technical
performance (Belete, 2023).

Long passes, although less frequently used than short
passes, have strategic importance in creating scoring
opportunities, especially in counterattacks or when breaking
defensive lines (Cordén-Carmona et al., 2023). They are
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commonly executed by goalkeepers and central defenders
as part of tactical play (Lisenchuk et al., 2021). Effective
long-pass execution requires mastery of several technical
components, including foot placement, ball contact, body
posture, and follow-through. In modern football, the ability
to deliver accurate and powerful long passes is essential
for achieving tactical efficiency and competitive advantage
(Fernandez-Navarro et al., 2016).

Despite its importance, mastering long-pass technique
remains a significant challenge, particularly among youth
athletes (Nusri, 2018). Prior studies indicate that this skill is
often insufficiently emphasized in training programs (Power
et al., 2017), which tend to integrate passing drills without
structured and specialized approaches (Goes et al., 2019).
As a result, young athletes frequently demonstrate low levels
of long-pass proficiency, particularly in terms of accuracy
and distance control. This issue is supported by preliminary
findings showing that most athletes fall within fair to poor
performance categories, highlighting a substantial gap
between training practices and skill requirements.

This gap reflects a broader limitation in existing
training approaches, where the lack of focus and structured
intervention may lead to suboptimal skill development and
reduced motivation. Effective training programs should be
designed based on systematic principles, incorporating both
technical and physiological aspects to enhance performance
outcomes (Paixdo et al., 2015). Therefore, there is a clear
need for an evidence-based training model that specifically
targets the development of long-pass technique in youth
football athletes.

In response to this need, the Bagus Long-pass Football
Training (BLAST) model was developed based on the
Research and Development framework proposed by Gall et
al. (1996). This model is designed to stimulate physiological
adaptation through the overcompensation principle

Table 1. Blast Training Program Protocol (High-Level Design)

while simultaneously improving technical execution
during training. However, empirical evidence regarding
the effectiveness of this model in improving long-pass
performance remains limited.

Therefore, this study aims to examine the effectiveness
of the BLAST training model in improving long-pass
kicking technique among youth football athletes, thereby
contributing to the development of more structured and
effective training approaches in football.

Materials and Methods

Study Participants

This study was conducted at Lampung Provincial
Football School and involved 50 youth football athletes aged
14-17 years who actively participated in regular training
sessions. Participants were assigned into an experimental
group (n = 25) and a control group (n = 25). All participants
provided informed consent prior to participation. Ethical
approval was obtained from State University of Jakarta (No.
47/UN39.14/PT.01.05/1/2026).

Study Design and Procedures

This study employed a quasi-experimental design using
a pretest—posttest control group approach. The experimental
group received the BLAST training model, while the control
group followed conventional training conducted by their
respective coaches (Table 1)..

The intervention was carried out over six weeks,
consisting of 16 training sessions, with each session lasting
60 minutes. The BLAST training model was developed
through a systematic process, initially comprising 40 training
variations that were refined into 30 models following expert

Duration

Rest

Session  Training Models Distance  Sets Repetitions et Intensity (RPE) Interval Progression
1 M3, M4, M17, M29 15-25m 3 8-10 60 5-6 (Moderate) 60-90 sec Technical adaptation
2 M5, M6, M18, M30 15-25m 3 8-10 60 5-6 (Moderate) 60-90 sec Technical adaptation
3 M9, M10, M19 15-20 m 3 10-12 60 6 (Moderate) 60 sec  Volume increase
4 MIl4, M15, M20 20m 3 10-12 60 6 (Moderate) 60 sec  Stability phase
5  Ml16,M18, M19, M35 20-25m 4 8-10 70  6-7 (Moderate-High) ~ 60 sec  Load progression
6 M15, M20, M23, M36 20-25m 4 8-10 70 6-7 (Moderate-High) 60 sec  Load progression
7 M14, M24, M25, M37 20-25m 4 8-10 70 6-7 (Moderate-High) 60 sec  Load progression
8 M13, M26, M27, M38 20-25m 4 8-10 70 6-7 (Moderate-High) 60 sec  Load progression
9 M3, M28, M39 15-25m 4 10-12 75 7 (High) 45-60 sec Intensity increase
10 M4, M27, M18, M40 15-25m 4 10-12 75 7 (High) 45-60 sec Intensity increase
11 M5, M26, M19, M30  15-25m 4 10-12 75 7 (High) 45-60 sec Intensity increase
12 Mé6, M25, M20, M33 15-25 m 4 10-12 75 7 (High) 45-60 sec Intensity increase
13 M9, M24, M35, M3 15-20 m 4 10-12 80 7-8 (High) 45sec  Performance phase
14 M10, M23, M36, M5 15-20 m 4 10-12 80 7-8 (High) 45sec  Performance phase
15 M9, M24, M37, M9 15-20 m 4 10-12 80 7-8 (High) 45sec  Performance phase
16 MI10, M23, M39, M14 15-20 m 4 10-12 80 7-8 (High) 45sec  Performance phase
17 M9, M24, M40 15-20 m 3 12-15 75 8 (Very High) 30-45 sec Peak phase
18  M10, M23, M20, M26 15-20 m 3 12-15 75 8 (Very High) 30-45 sec Peak phase

Note: M = Model, RPE = Rate of Perceived Exertion (scale 1-10), Program duration = 18 sessions, Frequency = 3 sessions/week
(recommended), Each session includes warm-up (10-15 min) and cool-down (5-10 min)
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judgment evaluation. The expert validation involved football
coaching specialists with experience in technical training
development. The model was structured progressively based
on passing distance to enhance technical adaptation and
performance.

The validity of the instrument was assessed using
the corrected item-total correlation method. The results
indicated that all items across the pre-test and post-test
in both experimental and control groups had correlation
coeflicients exceeding the critical value (r table = 0.396,
n =25, a = 0.05). Therefore, all items were considered valid
and suitable for measuring long-pass performance (Table 2).

Table 2. Item Validity Results

Group Item  r-value r-table Decision
Pre-Test Test1  0.60 0.396 Valid
Experimental Test2  0.56 0.396 Valid

Test 3 0.62 0.396 Valid
Test 4 0.58 0.396 Valid
Test 5 0.64 0.396 Valid
Post-Test Test1  0.73 0.396 Valid
Experimental Test2  0.70 0.396 Valid
Test 3 0.75 0.396 Valid
Test 4 0.72 0.396 Valid
Test 5 0.76 0.396 Valid
Pre-Test Control ~ Test1  0.55 0.396 Valid
Test 2 0.53 0.396 Valid
Test 3 0.59 0.396 Valid
Test 4 0.56 0.396 Valid
Test 5 0.61 0.396 Valid
Post-Test Control  Test1  0.65 0.396 Valid
Test2  0.62 0.396 Valid
Test 3 0.67 0.396 Valid
Test 4 0.63 0.396 Valid
Test 5 0.69 0.396 Valid

The reliability of the instrument was evaluated using
Cronbach’s Alpha. The results demonstrated high to excellent
internal consistency, with Cronbach’s Alpha values of 0.86
for the pre-test experimental group, 0.91 for the post-test
experimental group, 0.84 for the pre-test control group, and
0.88 for the post-test control group. These findings confirm
that the instrument is both valid and reliable for assessing
long-pass kicking performance among youth football
athletes (Table 3).

Table 3. Reliability Test Results

Group Cronbach’s Alpha Interpretation
Pre-Test Experimental 0.86 High Reliability
Post-Test Experimental 0.92 Excellent Reliability
Pre-Test Control 0.83 High Reliability
Post-Test Control 0.87 High Reliability

Both groups underwent pre-test and post-test using
the Rumi Long Pass Test to measure long-pass accuracy
(Doewes et al., 2022). Each participant performed five
long-pass attempts toward a designated target area. The
testing procedure involved three officials responsible for
start coordination, target supervision, and score recording.
Scoring was based on accuracy within concentric target
zones: 50 points (<1 m), 40 points (2 m), 30 points (3 m), 20
points (4 m), and 10 points (5 m) (Fig. 1).

Statistical Analysis

Data were analyzed using descriptive statistics and
inferential tests at a significance level of 0.05. The Shapiro—
Wilk test and Levene’s test were used to assess normality
and homogeneity assumptions, respectively. Paired sample
t-tests were applied to examine within-group differences,
while independent sample t-tests were used to compare
between-group differences. In addition, N-gain analysis was
conducted to evaluate the effectiveness of the intervention.
All statistical analyses were performed using SPSS version 25.

Results

The effectiveness of the BLAST training model was
evaluated by comparing pre-test and post-test results
between the experimental and control groups. The
descriptive statistics are presented in Table 4.

Table 4. Descriptive Statistics of Long-Pass Performance

Group N Min Max Mean SD
Pre-test (Experimental) 25 100 170 139.60  18.59
Post-test (Experimental) 25 150 220 189.20 18.01
Pre-test (Control) 25 100 170 138.00 18.03
Post-test (Control) 25 130 190 157.20 14.87

As shown in Table 4, both groups demonstrated
improvements in long-pass performance after the intervention.

Fig. 1. Rumi Long Pass Test
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However, the increase in the experimental group was
substantially higher compared to the control group.

Prior to hypothesis testing, normality and homogeneity
assumptions were examined. The results in Table 5 indicated
that the data were normally distributed and homogeneous
(p>0.05), fulfilling the requirements for parametric analysis.

Table 5. Normality Test (Shapiro-Wilk)

Variable N Sig.
Pre-test (Experimental) 25 >0.05
Post-test (Experimental) 25 >0.05
Pre-test (Control) 25 >0.05
Post-test (Control) 25 >0.05

The Levene’s test result in Table 6 (p = 0.699) confirmed
that the variance between groups was homogeneous.

Table 6. Homogeneity Test (Levene’s Test)

Variable F Sig.
0.152 0.699

Long-pass

Hypothesis testing using independent sample t-test
showed a significant difference between the experimental
and control groups after the intervention (p < 0.05). The
results indicate that the BLAST training model produced
a significantly greater improvement in long-pass kicking
performance compared to conventional training.

Table 7. ANCOVA Results

Source SS df MS F Sig.
Pre-test (Covariate) 2150.32 1 2150.32 9.87 0.003
Group 7420.55 1 7420.55 34.62 0.000
Error 10078.44 47 214.44

The ANCOVA results revealed a significant effect of group
on post-test long-pass performance (F = 34.62, p < 0.001),
indicating that the experimental group performed significantly
better than the control group after controlling for pre-test
scores. To further examine the magnitude of the effect, Cohen’s
d was calculated. The analysis showed a large effect size (d =
1.92), indicating a substantial practical impact of the BLAST
training model. Additionally, the 95% confidence interval (CI)
for the mean difference ranged from 22.50 to 41.50, confirming
the robustness of the observed effect.

For comparison purposes, an independent samples t-test
was also conducted, which showed a significant difference
between groups (t = 6.852, df = 48, p < 0.001), with a mean
difference of 32.00.

Table 8. Independent Sample t-Test Results

Variable t df
6.852 48

Sig. (2-tailed) Mean Difference
0.000 32.00

Long-pass

To further assess the effectiveness of the intervention,
N-gain analysis was conducted, as presented in Table 9.

Table 9. N-Gain Score Results

Mean Min Max
(%) (%) (%)

29.70 98.36 Moderately Effective
12.35 49.18 Low Effectiveness

Group Category

Experimental Group  62.56

Control Group 22.99

The N-gain results show that the experimental group
achieved a higher improvement level (62.56%) compared to
the control group (22.99%). This indicates that the BLAST
training model is more effective in enhancing long-pass
kicking technique among youth football athletes.

Discussion

The results of this research provide strong empirical
evidence that the BLAST training model is not only possible
but also much more successful than conventional training
techniques when it comes to enhancing the performance
of youth football players in terms of long pass kicking. The
experimental group showed a much improvement (62.56%
compared to 22.99%) in post-test mean scores and N-Gain
values, indicating that training that is structured and
consistently planned achieves better performance results.
In addition to showing effectiveness these results show a
system of learning processes that controls the occurrence of
such changes.

Mechanistically speaking, the BLAST model’s
effectiveness is explicable in terms of how one acquires motor
skills. Structured repetition, increasing task complexity, and
continuous feedback are all components of the paradigm
that work together to help with neuromuscular adaptation
but also stabilise movements (Kaliukhovich et al., 2013;
Kennefick et al., 2018; Wang et al., 2024). High involvement
and swift mistake correction help athletes quickly go from
cognitive knowledge to fundamental coordination in early
training. Training moves toward the associative stage, when
consistency and efficiency of movement are developed,
and improvements become more gradual as a result. This
sequential learning process explains why the experimental
group outperformed the control group, who did not receive
any structured feedback or development, and maintained
their superior performance over time. Accordingly, the
discrepancies are more than simply statistical; they point to a
real causal process with its origins in the design of structured
learning.

However, the BLAST model should not be viewed as a
static training approach; rather, it should be interpreted as a
dynamic element whose functional role develops during the
process of learning. At the beginning, BLAST is mostly used
to generate stimuli, which speed up the acquisition of motor
skills and the correction of errors via systematic repetition
and instant feedback. As athletes go into the intermediate
stage, BLAST takes on a stabilising function, helping to
ensure that their movements are consistent and that their
performance is less variation. This is achieved by controlled
task progression. Excessive repetition without increasing
complexity might inhibit further adaptation in subsequent
phases, thus it is necessary to change the same structure to
avoid this limitation. The BLAST model’s effectiveness varies
from one athlete’s developmental stage to another, and this
variation is explained by this functional transformation.

Because this procedure is time-dependent, we now
know exactly when to use the BLAST model. Athletes are
most receptive to technical adjustments and learning via
repetition in the early and middle stages of training, when
they experience the biggest performance increases (Quinzi
et al,, 2016). The need for more complicated and context-
driven training stimuli arises because the pace of progress
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inevitably decreases with increasing skill levels. This suggests
that the BLAST model works best for young players when
they are still growing into their sport, when fundamental
technical abilities like long passing are very adaptable.
Conventional training methods, on the other hand, miss this
crucial opportunity since they rarely incorporate focused
growth (Deuker et al., 2024).

The temporal performance limitations of the BLAST
model provide for a more exact understanding of the
effectiveness of the model. This is most noticeable when
athletes are still in the early to mid-stages of their training
and are very receptive to feedback and structured repetition.
A steady pace of advancement indicates a shift toward
more consistent and sophisticated execution, which occurs
naturally as skill learning advances (Vanderka et al.,
2020). If training stimuli are not well modified or athletes
reach a performance plateau, especially at advanced levels
when tactical and environmental elements become more
important, the impact could decrease. The BLAST model’s
effectiveness changes with time as a result of interactions
between training plan, athlete development stage, and the
progress of learning stimuli, as seen by this dynamic pattern.

Additionally, the functional transformation
accomplished by the BLAST model is explained by this
system-level interpretation. The BLAST system organises
training sessions that were previously unstructured, which is
a significant improvement over conventional approach. As a
result of this change, players gain self-assurance, consistency,
and pinpoint precision while passing the ball long distances.
When training design, learning processes, and performance
results are well linked, as is the case in the experimental
group, the effectiveness of this transformation process is
reflected in the much larger N-Gain.

Nevertheless, this system’s effectiveness is conditional
and not applicable in all cases. Athletes in the process of
skill development benefit most from the application of the
model in supervised training settings with regular exposure.
For more experienced players, when tactical complexity and
decision-making matter more than technical progress alone,
its effect may be less noticeable (Lex et al., 2015). These limits
show that the BLAST model may not always be applicable
to every situation; rather, its performance depends on how
training design and contextual elements interact with one
another.

When seen from a tactical point of view, the expansion of
game tactics mayalsobe connected to theincreaseinlong pass
performance (Wu, 2022). Direct play, which prioritises quick
ball advancement and effective use of space, relies heavily on
long passing (Tenga et al., 2010). Teams may avoid midfield
pressure and adjust to possession-dominant opponents with
better long pass execution (Fernandez-Navarro et al., 2016).
Thus, the BLAST method improves tactical flexibility and
performance beyond skill development.

The statistical findings provide further support for
these notions. The intervention effect is confirmed to be
resilient by the substantial differences seen in independent
t-tests (p < 0.05) and the improvements shown in paired
sample analyses. Crucially, the N-Gain analysis differentiates
between structured and unstructured training results,
offering more insight into the effectiveness of learning.
Conventional approaches do not achieve the same level of
learning efficiency as the BLAST model, which optimises

the interaction between training variables. This discrepancy
may be explained by different levels of system structure.
These results are in line with previous studies that found
a correlation between good passing and better attacking
results (Rein et al., 2017).

A transparent decision rule was implemented across
several performance measures to guarantee a uniform
interpretation of the outcomes. N-Gain was considered the
main statistic for effectiveness since it shows how much
learning improved compared to starting performance levels.
The observed differences were not attributed to random
changes, as shown by statistical significance (p < 0.05) from
t-tests. The convergence of these indicators allowed us to draw
the final conclusion on the BLAST model’s performance. We
found that there were statistically significant changes, and
the N-Gain values were moderate to high, which indicates
a substantial and practically important improvement. By
using this method, it is ensured that the findings are not
constructed merely on the basis of statistical results, but
rather on the basis of an integrated assessment of both the
significance and the learning effect.

The research provides a system-based training model
that has been verified and is ready for direct use by coaches
and practitioners, which is a practical implication. Effective
learning environments that speed up skill acquisition
may be created using the BLAST model, which integrates
progression, repetition, and feedback into an integrated
framework. Since football performance is complicated and
arises from the interplay of technical, tactical, and situational
elements, this is especially pertinent (Delibas et al., 2019;
Estephan et al., 2017). In addition to enhancing technical
performance, coaches may use this approach to better match
training methods with overall performance goals.

It is important to recognise a number of limitations
notwithstanding these achievements. This research does not
require contextual factors like player placement, opponent
pressure, and in-game decision-making into account;
instead, it mainly looks at the technical parts of long passing.
Because technical execution and tactical context combine
to produce real-game effectiveness, this is just a partial
representation of performance from a systemic viewpoint.
More integrative methods that capture both technical and
contextual aspects of performance should be used in future
research, according to recent innovations like the passing
disruptiveness notion (Goes et al., 2021).

It is beneficial for future studies to investigate if the training
can be maintained over time. The impact of structured training
methods on real-game performance may be better understood
with continuous integration of physical, technical, and tactical
analysis which remains essential for advancing both theoretical
development and practical application in football training
(Andrzejewski et al., 2018).

Conclusion

At the early to intermediate stages of skill development,
when motor learning and performance improvement are
most facilitated by structured repetition and progressive
task design, this study shows that the BLAST-based long
pass training model works well for youth football players.
Both statistical significance and N-Gain analysis show that
the model outperforms traditional training under these
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circumstances, demonstrating meaningful and practically
relevant learning results.

BLAST model effectiveness depends on trainingsituation
and athlete development stage. For highly skilled players,
the importance of tactical complexity decision-making, and
contextual adaptability over technical repetition to increase
performance may diminish. Furthermore, the current
investigation has limitations due to its exclusive emphasis on
technical performance, which does not adequately account
for tactical and situational factors that impact actual game
effectiveness.

Accordingly, the effectiveness of the BLAST model needs
to be understood within a controlled environment, whereby the
training plan, athlete attributes, and performance metrics are
matched appropriately. The concept works best as a structured
learning system during certain developmental periods, not as a
general training solution. This paradigm should be expanded
by adding tactical, contextual, and match-based performance
indicators to better assess effectiveness of training.
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YpoCKOHaneHHA BUKOHaHHA [OBroro nacy y loHmx
$yT60nicTiB 3aco6amm TpeHyBanbHoi mogeni BLAST

Exo Baryc ®apiski'**#“P, Taypik PixatHo'A“", Pampan Ilenana'4“?

'lep>xaBHMit yHiBepcuteT JXKakapTu

*Texnonoriunuit yaiBepcuret Inponesii Technokrat

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

Pegepar. Crarrst: 8 ¢., 9 Tabn., 1 puc., 28 mxeper.

AxryanbHicTb. TexHika JOBroro nacy € ofHiexo 3 6a30B1X HaBMYOK y GyTOOII, AKa MOXKE CYTTEBO BIVIMBATI Ha JMHAMIKY Ipu
Ta CIpuATH ycHixy komana. OfHaK Iis TeXHiKa 3a/IMIIAETHCS CePIIO3HOI0 IPO6/IeMOI0 i1l oHMX (Y TOOICTIB, OCKIIbKY 11T YacTO
HIPUJIAETBCA HETOCTATHBO YBAry Y TPEHYBA/IBHUX IIporpaMax. ToMy icHye moTpeba B eeKTUBHIIT Ta CTPYKTYpOBaHil Moperi

TpeHyBaHHA /11 BAOCKOHAJI€HHA BMKOHAHHA JOBIOr'o I1acy.

Merta pocnipKeHHsA. MeToo JOCTiIKeHHA 6yno BUBYMTH e(eKTUBHICTb TpeHyBambHOI Mogeni BLAST y BpockoHaneHHi

TEeXHiK/ BUKOHAHHA JIOBIOTO Iacy y oHMX ¢yToomicTiB.

Marepianu i MmeTopu. Y JoC/IiIKeHH] 3aCTOCOBAHO KBa3ieKCIepyMeHTaIbHMIA AM3aliH i3 IMifX0H0M «IIepeTecT—Iic/IATecT»

i3 KOHTPOJIBHOIO TPYIIOI0. 3arajIoM y HOCTI/PKEHHI B3N y4acTh 50 CIOPTCMEHIB, AKMX 6Y/I0 PO3IOiIeHO Ha eKCIIePYMEHTATIbHY
rpymy (n = 25), mo TpenyBanacs 3a Mogeno BLAST, Ta koHTpo/bHY rpymy (n = 25), sika IPOXOAN/IA TpaAMLiiliHe TPEeHYBaHHS IIij]
KepiBHUIITBOM TpeHepiB. I/ OIiHIOBaHHA Pe3y/IbTaTiB Mif] Yac mepeTecTy Ta MiC/ATeCTy BUKOPMCTOBYBABCS TECT JOBTOTO Macy
Rumi. Jani ananisyBanu 3a 0OOMOro0 onmucoBoi craTucTuky, tecty Illanipo-Binka Ha HOpManbHICTh posnoziny, Tecty JleBena
Ha ofHOpifHicTb Aucnepciit, ANCOVA, t-TecTiB /11 HesaneXXHNX BUOipok Ta aHanisy N-gain.
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Pesynpraru. PesynbraTy mokasaim, 1o mic/si BTPYYaHHs 00MBI TPy IIPOAEMOHCTPYBA/IN OKPAIeHHS TeXHIKM BUKOHAH-
H# ioBroro macy. OfHak eKCIepyMeHTaIbHa IPYIIa IPOJAEeMOHCTPYBaIa CTATUCTUYHO 3HavyIIle Oi/bllle MOKPAIeHH: OPIBHAHO 3
KOHTPO/IbHOIO rpymoo (p < 0.05). CepenHiit mokasHuk N-gain B eKcIiepyMeHTaIbHil rpymni ctaHoBUB 62.56% (momipHa edeKTyB-
HICTB), TOAIL SIK Y KOHTPOJIbHII rpymi — nuiie 22.99% (HusbKa epeKTUBHICTB).

Bucnosku. OTpuMaHi pesynbTaTy CBildaTh PO Te, 1[0 TpeHyBanbHa Mofienib BLAST e e eKTUBHIIIOW 3a TPaANIiliHi MeTO-
IV TPeHYBaHH:A y BAOCKOHA/IEHH] TeXHIKM BUKOHAHHS JOBIOIO Nacy y I0HMX (pyTOOiCTiB.

Kirouosi croBa: mopienib BLAST, osruit nmac, GpyT60/IbHE TpeHyBaHHS, I0HI CIIOPTCMEHM, PO3BUTOK HABIYOK.

Information about the Authors:
Fahrizqi, Eko Bagus: eko.bagus@teknokrat.ac.id; https://orcid.org/0000-0001-7945-1442 ; Department Physical Education,
Universitas Negeri Jakarta, JI/ Rawamangun Muka, Jakarta Timur 13220 Jakarta, Indonesia; Department Sport Education,
Universitas Teknokrat Indonesia, J1. Zainal Abidin Pagaralam No.9-11 Labuhan Ratu, Bandar Lampung, 35132 Lampung,
Indonesia

Rihatno, Taufik: trihatno@unj.ac.id;https://orcid.org/0000-0002-2296-3217; Department Physical Education, Universitas Negeri
Jakarta, JI/ Rawamangun Muka, Jakarta Timur 13220 Jakarta, Indonesia

Pelana, Ramdan: ramdanpelana@unj.ac.id; https://orcid.org/0000-0003-2540-4020; Department Sport Science, Universitas
Negeri Jakarta, JI/ Rawamangun Muka, Jakarta Timur 13220 Jakarta, Indonesia

Cite this article as: Fahrizqj, E. B., Rihatno, T., & Pelana, R. (2026). Improving Long-Pass Performance in Youth Football Players
Through the BLAST Training Model. Physical Education Theory and Methodology, 26(3), 482-489. https://doi.org/10.17309/
tmfv.2026.3.09

Received: 20.03.2026. Accepted: 14.04.2026. Published: 30.05.2026

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

489



Physical Education Theory and Methodology
Teopia Ta MeToAanKa $i3NYHOro BUXOBaHHA

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

Original Scientific Articles. Pedagogical Models and Instructional Design

Baskin as an Inclusive Educational Laboratory
in University Sport Sciences Education

Emma Saraiello'®¢?, Federica Badii Esposito'*®“? and Gianluca Gravino'A8¢P

'Parthenope University of Naples

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

Corresponding Author: Gianluca Gravino, e-mail: gianluca.gravino@unicampania.it

Accepted for Publication: April 11, 2026
Published: May 30, 2026

DOI: 10.17309/tmfv.2026.3.10

Abstract

Background. Social inclusion is a central priority in educational and sport policies, aiming to create participatory
environments that value diversity. Baskin, an innovative inclusive sport, enables individuals with and without
disabilities to participate together through differentiated roles and adapted rules, fostering interaction and

cooperation.

Objectives. This study aimed to evaluate the educational and social impact of a Baskin laboratory implemented
within a university Sport Sciences course, with particular attention to students’ perceived inclusion, relational

dynamics, and professional development.

Materials and Methods. A mixed-methods design was adopted. Quantitative data were collected using the Perceived
Inclusion Questionnaire (PIQ), administered before (T0) and after (T1) the intervention. Qualitative data were
gathered through systematic observations, reflective journals, and semi-structured interviews. The sample included
175 university students and 13 individuals with motor disabilities. Quantitative data were analyzed using paired-
samples t-tests and Cohen’s d, while qualitative data were examined through thematic analysis.

Results. The results showed a statistically significant increase in perceived inclusion, social acceptance, and relational
support (p <.001), with a large effect size (d = 0.82). Qualitative findings highlighted changes in students” perceptions
of disability, increased empathy, the development of professional competencies, and enhanced group cohesion. The
laboratory promoted cooperative behaviors and reduced relational barriers.

Conclusions. The Baskin laboratory proved to be an effective pedagogical tool for inclusive education in Sport
Sciences. It supports the development of relational, reflective, and professional skills while fostering meaningful

inclusion through structured experiential learning.

Keywords: inclusive sport, baskin, sport sciences, inclusive education, adapted physical activity, university education.

Introduction

Over the past decades, social inclusion has become one
of the main priorities of educational and sports policies at
the international level. Supranational organizations such
as UNESCO and the United Nations have highlighted the
need to promote educational systems capable of recognizing
and valuing diversity as a resource, moving beyond models
based on exclusion or mere formal integration (Unesco,
2020). From this perspective, inclusion is not limited to
ensuring access to educational and social opportunities, but
also implies the creation of participatory contexts in which
every individual can actively contribute to community

© Saraiello, E., Badii Esposito, E, & Gravino, G., 2026.
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life, as highlighted in studies on sport-based inclusion and
sustainability (Di Palma et al., 2025). Within this theoretical
framework, sport represents a particularly effective tool
for promoting inclusive processes. Participation in shared
physical activities fosters the development of social skills,
cooperative attitudes, and po Parthenope University of
Naples sitive relationships among individuals with different
abilities and backgrounds, also in relation to body expression
and ludic interaction (Raiola, 2015). The literature highlights
how sport can help reduce stereotypes and social barriers
related to disability, promoting contexts of interaction based
on mutual respect and collaboration (Di Palma & Tafuri,
2016; Darcy et al., 2016). From a psychological perspective,
participation in inclusive physical activities can support
the development of intrinsic motivation and self-efficacy.
According to Self-Determination Theory (Deci et al., 2000)
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individuals’ motivation increases when three fundamental
psychological needs are satisfied: competence, autonomy;,
and social relationships. In educational environments
characterized by cooperation and active participation, these
needs can be fulfilled, fostering genuine engagement in
the proposed activities, in line with studies showing how
physical activity contexts can enhance self-efficacy and
academic development (Latino et al., 2023). Among the
inclusive sports practices developed in recent years, Baskin
represents one of the most innovative models in the field of
educational sport. Created in Italy in the early 2000s, Baskin
is a team sport derived from basketball but specifically
designed to enable the simultaneous participation of people
with and without disabilities. The game system includes
differentiated roles assigned to players according to their
motor and cognitive abilities, baskets positioned at different
heights, and specific rules that ensure the active participation
of all team members. Unlike many adapted sports, Baskin
does not simply modify an existing sport to include people
with disabilities, but redesigns the entire structure of the
game according to a principle of functional equity. Each
player assumes a specific role that enhances their individual
abilities, making diversity a functional element for the
success of the team. Scientific literature highlights how
Baskin promotes the development of social, relational, and
cooperative skills in school contexts (Tafuri, 2025). However,
there are still relatively few studies examining the potential
of this discipline in the university education of students
in Sport Sciences. University programs in Sport Sciences
are increasingly required to train professionals capable of
working in heterogeneous contexts, where the presence
of people with disabilities requires specific competencies
in the field of adapted physical activity. In this regard,
learning experiences based on direct contact with people
with disabilities represent a fundamental component in the
training of future professionals in movement and sport.
Knowledge develops through a process that integrates
concrete experience, reflection, and conceptualization, as
also highlighted by research on outdoor and experiential
learning approaches in physical activity contexts (Latino,
2023). Inclusive sport laboratories therefore represent
privileged contexts for fostering this type of learning,
allowing students to develop professional competencies
through direct experience. In light of these considerations,
the present study analyzes the educational impact of a Baskin
laboratory conducted with first-year students enrolled in
a Sport Sciences degree program at a university in Naples.
The project involved university students and individuals
with motor disabilities in shared sports activities, with the
aim of promoting processes of inclusion, relational learning,
and professional development, as well as contributing to
cognitive functioning and mental well-being (Latino, 2025).

Research objective

The main objective of the study is to evaluate the
educational and social impact of a Baskin laboratory
implemented with university students in Sport Sciences and
individuals with motor disabilities.

Specifically, the study aims to:

« analyze changes in university students’ perceptions

of social inclusion through the Perceived Inclusion
Questionnaire (PIQ);

o observe the relational dynamics between students
and participants with disabilities during sports
activities;

o explore students’ representations of disability and
inclusive sport;

« assess the pedagogical value of Baskin in the training
of future Sport Sciences professionals.

Materials and Methods

Research Design

The study adopted a mixed-methods research design,
integrating quantitative and qualitative approaches. This type
of design makes it possible to combine statistical analysis of
data with an in-depth understanding of participants’ lived
experiences (Creswell, 2017).

The laboratory intervention took place over a period of
two months and involved inclusive sports activities based
on Baskin. The sessions were supervised by two qualified
instructors with experience in inclusive sport and adapted
physical activity.

The project was structured into three main phases:

Initial phase (T0)

o administration of the PIQ questionnaire;

o collection of socio-demographic data;

o preliminary observations of relational dynamics;

 Intervention phase;

« implementation of Baskin laboratory activities;

o systematic observation of group dynamics;

o completion of students’ reflective journals.

Final phase (T1)

« second administration of the PIQ questionnaire

 semi-structured interviews

o qualitative analysis of participants’ experiences

Participants

The study sample consisted of:
« 175 university students enrolled in the first year of
a Sport Sciences degree program at a university in
Naples;
« 13 individuals with motor disabilities involved in the
inclusive sports activities.
The university students had an average age of 19.4 years
(SD =1.3).
Participants with motor disabilities presented different
functional conditions, including spinal cord injuries,
cerebral palsy, and neuromotor disorders.

Quantitative and Qualitative Instruments

Quantitative Instruments

The Perceived Inclusion Questionnaire (PIQ) developed
by Venetz, Zurbriggen, and Eckhart (Venetz, 2015) was used.
The questionnaire measures three main dimensions:

« social acceptance;

o participation;

« relational support.

The data were analyzed using paired-samples t-tests and
effect size calculation (Cohen’s d).
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Qualitative Instruments

The qualitative component included:

 systematic observations of game sessions;

« semi-structured interviews with students;

o reflective journals completed by students.

Qualitative data were analyzed through thematic analysis
according to the model proposed by Braun and Clarke.

Educational Activities: Baskin as an
Inclusive Pedagogical Tool

In recent years, international literature in physical
education and sport pedagogy has highlighted the
importance of integrating experiential learning and active
student participation within university curricula (Braun
et al., 2006). In particular, in Sport Sciences education,
laboratory activities represent a privileged context for
fostering professional competencies related to the design,
management, and evaluation of inclusive physical activities.

Several studies have shown that the direct involvement
of university students in practical experiences with people
with disabilities can contribute to modifying attitudes,
representations, and professional competencies in the field
of Adapted Physical Activity (APA) (Haegele et al., 2016). In
this sense, inclusive sport laboratories represent educational
environments in which theoretical learning can be integrated
with concrete experience, promoting the development of
relational, pedagogical, and organizational competencies.

The Baskin laboratory described in this study was
designed as an experiential educational device aimed at
promoting a concrete understanding of inclusion through
movement and sport.

The intervention consisted of 16 teaching sessions,
each lasting approximately 90 minutes, distributed over
a period of two months. The activities were conducted
by two instructors specialized in Baskin and adapted
physical activity, with the support of the university lecturer
responsible for the laboratory.

Each session followed a recurring pedagogical structure
consisting of four main phases:

o relational warm-up;

o progressive learning of Baskin rules;

« matches and game situations;

o final reflective debriefing.

This structure allowed the integration of motor activity,
social interaction, and pedagogical reflection, elements
considered central in the recent literature on inclusive
physical education (Creswell., 2017; Haegele et al., 2016).

Relational Warm-Up

The first phase of each laboratory session was dedicated
to relational warm-up, lasting approximately 15-20 minutes.
The main objective of this phase was to create a positive
group climate and facilitate interaction between university
students and participants with motor disabilities.

According to the literature on inclusive physical
education, the motivational and relational climate represents
a key variable in promoting active student participation and
the development of cooperative relationships (Haegele et al.,
2016). In inclusive contexts, the quality of social relationships

significantly influences participants’ sense of belonging and
perceived competence.

The activities proposed during the relational warm-up
included cooperative motor exercises, ice-breaking games,
and coordination activities carried out in small mixed groups
composed of students and participants with disabilities.
Among the most frequently used activities were ball-passing
exercises in circles, movement games based on cooperation
between pairs, and simple motor coordination tasks adapted
to participants’ different abilities.

These activities served a dual pedagogical function.
On the one hand, they allowed participants to gradually
prepare for the subsequent physical activity. On the other
hand, they promoted the construction of interpersonal
relationships through cooperative situations and informal
communication.

In several cases, students reported in their reflective
journals that this initial phase helped reduce the sense of
embarrassment or uncertainty experienced during the first
sessions of the laboratory.

The use of cooperative games during the warm-up is
supported by pedagogical literature on cooperative learning,
which highlights how collaboration-based activities can
foster positive relationships and the development of social
skills in educational contexts (Creswell, 2017; Dyson et al.,
2004).

Progressive Learning of Baskin Rules

The second phase of the session focused on learning the
rules of Baskin and understanding the different player roles.
This phase lasted approximately 20 minutes and followed
a progressive teaching approach that allowed students to
gradually become familiar with the structure of the discipline.

Baskin differs from traditional basketball in that it
includes differentiated roles assigned to players according
to their motor and functional abilities. Each role has
specific possibilities for action within the game, allowing
the simultaneous participation of individuals with different
levels of motor ability.

During the first sessions, instructors focused on
explaining the fundamental principles of the game, including
role distribution, the use of side baskets, and collaboration
strategies among different players.

Studentsthen participatedintechnical exercises designed
to explore the specific characteristics of the different roles.
For example, some activities involved passing and shooting
exercises differentiated according to the characteristics of
each role, while others aimed to understand cooperation
strategies among players with different functions within the
team.

From a pedagogical perspective, this phase was
particularly significant because it allowed students to observe
how the organization of sports rules can either facilitate or
limit participation for individuals with different abilities.
According to studies in the field of Adapted Physical Activity,
the design of rules and the game environment is one of the
key elements in promoting inclusion in physical activities.

Through these activities, students were able to
understand that inclusion in sport does not depend solely
on the individual characteristics of participants, but also on
how activities are designed and organized.
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Baskin Matches

The central phase of each session consisted of Baskin
matches, lasting approximately 40 minutes. During this
phase, students and participants with disabilities were
divided into mixed teams, ensuring the presence of different
player roles within each group.

Matches represented the moment when participants
could concretely experience the dynamics of Baskin and
apply the skills developed during the previous phases.
During gameplay, instructors carefully observed interactions
among players, intervening only when necessary to facilitate
cooperation and respect for the rules.

The structure of Baskin naturally encourages
collaboration among team members, since each role has
specific possibilities for action and the success of a play
depends on the coordinated participation of different players.
This feature creates a form of positive interdependence, a key
element in cooperative learning models applied to physical
education (Creswell, 2017; Dyson et al., 2004).

Throughout the sessions, a gradual evolution of
relational dynamics among participants was observed.
During the initial sessions, students tended to focus mainly
on the technical aspects of the game. Over time, however,
an increase in cooperative strategies and communication
among team members was observed.

For example, several students began actively encouraging
teammates during gameplay, suggesting passing strategies,
or supporting players with greater motor difficulties in more
complex situations. These behaviors represent important
indicators of the development of relational and cooperative
competencies within the group.

Reflective Debriefing

The final phase of each session was dedicated to reflective
debriefing, lasting approximately 10-15 minutes. This phase
represented an essential component of the pedagogical
structure of the laboratory, as it allowed students to reflect
on the experience lived during the activities and to attribute
meaning to the relational and inclusive dynamics that
emerged during the session.

The debriefing usually took place at the end of the match
or training activities, with all participants seated in a circle in
the gymnasium to facilitate open communication and active
participation in the discussion.

In Sport Sciences education, guided reflection is
considered a fundamental element of experiential learning
processes. Studies in sport pedagogy and physical education
highlight that participation in practical activities alone
is not sufficient to generate meaningful learning unless
accompanied by structured moments of reflection and
analysis (Creswell, 2017).

Through guided reflection, students were encouraged
to critically analyze their actions, recognize the relational
dynamics observed during the activity, and connect the
practical experience with the theoretical knowledge acquired
during their university studies.

In the Baskin laboratory, the debriefing aimed to
stimulate shared reflection on the inclusive dynamics
observed during gameplay. Instructors guided the discussion
through open-ended questions such as:

o What difficulties did you encounter during the game?

o Which strategies facilitated collaboration among

team members?

o HowdidtherulesofBaskininfluence the participation

of different players?

o Which game situations required greater cooperation

among teammates?

These questions encouraged students to reflect not only
on the technical aspects of the activity but also on the social
and relational dynamics of inclusive sport.

Students were also invited to share their emotions,
including feelings of enthusiasm, surprise, or initial
uncertainty when interacting with participants with
disabilities. The expression of these experiences helped
increase awareness of the learning process and contributed
to building a climate of trust within the group.

Reflections emerging during the debriefing were later
expanded through individual reflective journals, in which
students described meaningful situations observed during
the game, difficulties encountered, and collaboration
strategies that supported team functioning.

Overall, reflective debriefing played a central role in
transforming the sports activity into a structured educational
experience.

The Laboratory as an Inclusive Learning Environment

Overall, the organization of the laboratory sessions
created a learning environment in which motor activity,
social relationships, and pedagogical reflection were closely
integrated. This integration is considered a central element
in contemporary models of Sport Sciences education, which
emphasize the importance of educational experiences
capable of linking theoretical knowledge and professional
practice through authentic learning contexts (Creswell,
2017).

The Baskin laboratory functioned as an educational
space where students could directly experience the concrete
implications of inclusion in sport. Unlike traditional
theoretical lessons, in which inclusion is often addressed
mainly at a conceptual level, the laboratory allowed students
to engage in real interactions with individuals with motor
disabilities.

Through participation in Baskin activities, students
developed several professional competencies relevant
to their future roles in Sport Sciences. In particular, the
laboratory experience contributed to the development of
skills related to observing individual differences among
participants, adapting motor strategies to different abilities
within the group, and designing sports activities aimed at
inclusive participation.

Another significant aspect concerns the role of direct
contact with disability in students’ training processes.
Studies in inclusive physical education highlight that direct
interaction with individuals with disabilities can help
modify attitudes and social representations, fostering greater
openness toward diversity and a deeper understanding of
the potential of people with disabilities in sports contexts
(Haegele et al., 2016).

Within the laboratory, the cooperative structure
of Baskin also promoted the development of positive
relationships among participants. The game requires
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collaboration among players with different roles, creating
a form of interdependence among team members. This
dynamic encourages communication and cooperation
strategies aimed at achieving shared goals, elements
considered fundamental in cooperative learning contexts
(Creswell, 2017).

Throughout the sessions, a gradual evolution of group
dynamics was observed: students increasingly adopted
collaborative communication strategies and gameplay
approaches that valued the abilities of different team
members. This process contributed to the creation of an
educational climate characterized by mutual support, respect
for differences, and a strong sense of group belonging.

From this perspective, the Baskin laboratory can be
interpreted as an example of situated learning, in which
knowledge develops through concrete experience and social
interactionamongparticipants. Theintegration of sports practice,
interpersonal relationships, and pedagogical reflection made the
laboratory a particularly meaningful context for the education
of Sport Sciences students, contributing to the development of
technical, relational, and educational competencies essential for
working in inclusive sports environments.

Results

Quantitative Results

The quantitative analysis of the data collected through
the Perceived Inclusion Questionnaire (PIQ) revealed a
significant improvement in university students’ perception
of social inclusion after participating in the Baskin
laboratory. The comparison between the mean scores
recorded in the pre-intervention phase (T0) and those in
the post-intervention phase (T1), conducted using a paired-
samples t-test, showed a statistically significant increase both
in the overall perceived inclusion score and in the individual
dimensions measured by the questionnaire.

Table 1. Quantitative results (PIQ)

Variable TO T1 Effect size
(Mean + SD) (Mean + SD) (Cohen’s d)
Perceived inclusion 3.44+0.56 4.20+0.61 .001 0.82
Social acceptance 351+0.60 4.25+0.58 .001 0.82
Relational support 337 £0.64 4.10+0.62 .001 0.82

Table 2. Structural interpretation

Direction

Variable ez

Pedagogical interpretation

Perceived inclusion Increase Enhanced perception of
belonging through cooperative

participation

Reduction of social distance
and greater recognition of
peers’ abilities

Social acceptance  Increase

Relational support Increase Strengthening of collaborative
interactions and mutual

support

Opverall, the quantitative results suggest that participation
in the Baskin laboratory significantly strengthened students’

perception of social inclusion, promoting higher levels of
mutualacceptanceandrelational supportamongparticipants.
The experience of shared sports practice between university
students and individuals with motor disabilities therefore
appears to have generated a more inclusive and cooperative
relational context, confirming the educational potential of
inclusive sport within university Sport Sciences education.

Qualitative Results

The qualitative analysis of the data collected
through systematic observations of the game sessions,
students’ reflective journals, and semi-structured
interviews allowed for an in-depth exploration of the
educational, relational, and formative processes activated
during the Baskin laboratory. The thematic analysis
conducted according to the model proposed by Braun
and Clarke identified four main interpretative themes:
transformation of representations of disability; development
of empathy and relational sensitivity; professional learning
and pedagogical awareness, and strengthening of group
cohesion and the creation of an inclusive climate.

The first emerging theme concerns the change in
students’ representations of disability. During the initial
phases of the laboratory, observations and notes recorded
in the reflective journals revealed a certain hesitation in
interacting with participants with motor disabilities. Some
students reported an initial sense of uncertainty, related
to the fear of adopting inappropriate behaviors or not
being able to manage the dynamics of the game correctly.
This condition was often accompanied by an implicit
perception of disability as a limitation or fragility. However,
as the activities progressed, these representations evolved
significantly. The concrete experience of the game allowed
students to directly observe the motor and strategic abilities
of teammates with disabilities, promoting a redefinition of
their initial perceptions. In many final interviews, students
emphasized how Baskin makes it possible to “see the person
before the disability;” as the structure of the game assigns each
participant a specific and necessary role within the team. The
presence of differentiated roles and rules designed to value
different abilities contributed to transforming disability
from a perceived obstacle into a functional element within
the organization of the game.

A second particularly relevant theme concerns
the development of empathy and relational sensitivity.
Observations during the game sessions showed a progressive
increase in spontaneous interactions between students
and participants with disabilities. In the first sessions,
communication was mainly functional to the game, whereas
over time social interactions expanded beyond the strictly
sporting dimension. Students began to develop moreattentive
and collaborative forms of communication, characterized by
mutual encouragement, positive feedback, and supportive
strategies during gameplay. Some students reported in
their reflective journals that the experience contributed
to developing greater listening skills and a stronger ability
to observe the needs of other team members. This process
facilitated the construction of more authentic relationships
and helped reduce relational barriers initially present. In
several cases, students described specific moments during
gameplay in which collaboration with teammates with
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disabilities required a reorganization of their motor and
communicative strategies, generating a greater awareness of
the importance of cooperation.

The third theme concerns professional learning
derived from the laboratory experience. Many students
emphasized that the laboratory represented one of their first
concrete opportunities to engage directly with the design
and management of inclusive motor activities. Through
participation in the Baskin sessions, students were able to
observe how the structure of the rules, the organization
of spaces, and the distribution of roles influence the
participation of different players. This process fostered a
deeper understanding of the principles underlying adapted
physical activity, allowing students to connect the theoretical
knowledge acquired during their university studies with
practical educational interventions. In several interviews,
students highlighted how the experience contributed to
developing competencies useful for their future professional
careers, including theability to observe individual differences,
adapt motor activities to different levels of ability, and
design inclusive learning environments. Some participants
also emphasized that Baskin represents an effective model
for promoting the participation of heterogeneous groups,
suggesting the possibility of applying similar principles in
other educational and sports contexts.

The fourth theme concerns the strengthening of
group cohesion and the construction of an inclusive
climate. Observations of game dynamics showed that the
cooperative structure of Baskin fosters the development of
positive relationships among team members. Throughout
the sessions, a progressive reduction in relational distance
between students and participants with disabilities was
observed, accompanied by an increase in behaviors of mutual
support. Students began to develop gameplay strategies
based on collaboration and interdependence among
different roles. In several situations, spontaneous behaviors
of encouragement, celebration of successful actions, and
support during moments of difficulty were observed. These
elements contributed to the creation of a group climate
characterized by trust, respect, and a sense of belonging.

Another aspect emerging from the interviews concerns
the emotional value of the experience. Many students
described the laboratory as a particularly meaningful
moment in their university journey, emphasizing that
the experience generated positive emotions related to
collaboration and satisfaction derived from achieving shared
goals. In particular, some students highlighted that Baskin
allowed them to experience a form of sports competition
different from traditional models, based not only on
individual performance but also on collective team success.

Overall, the qualitative results suggest that the
Baskin laboratory acted as a transformative educational
context, capable of influencing multiple dimensions of
students’ experiences: cognitive, relational, emotional,
and professional. The integration of sports practice, social
interaction, and guided reflection facilitated the development
of new representations of disability and contributed to
the acquisition of competencies essential for future Sport
Sciences professionals. Baskin therefore emerges not only
as an inclusive sport activity but also as a pedagogical tool
capable of promoting processes of situated learning and
personal and professional development.

Discussion

The results of this study support the initial assumption
that a structured Baskin laboratory can enhance perceived
inclusion, relational dynamics, and professional awareness
among first-year Sport Sciences students. In particular, the
significant increase in perceived inclusion scores (PIQ)
indicates that participation in shared sport activities with
individuals with motor disabilities improves students’
perceptions of participation, social acceptance, and relational
support, in line with studies showing how structured sport
programmes can enhance both motor and social skills in
educational contexts (Tafuri et al., 2026). However, beyond
this descriptive evidence, the findings suggest that these
outcomes are generated by specific pedagogical mechanisms
embedded in the structure of Baskin.

First, the activity promotes functional interdependence,
as the differentiated roles require active cooperation
among participants, fostering meaningful participation
rather than mere coexistence. Second, direct experiential
contact with individuals with disabilities contributes to
the transformation of initial representations, shifting
from a deficit-based view of disability to the recognition
of individuals as competent actors within the game. Third,
the integration of guided reflection (through debriefing,
observations, and interviews) allows students to process
and internalize the experience, transforming action into
learning. These mechanisms explain how the structure of the
activity produces the observed outcomes and under which
conditions they are more likely to emerge.

These results are consistent with an educational
perspective that considers inclusion as active participation
in social contexts, as emphasized by UNESCO guidelines,
which highlight the need to transform educational
relationships and remove barriers. In this sense, Baskin
operationalizes inclusion through its rules and organization,
aligning with principles of adaptive physical education and
inclusive teaching strategies (Susanto etal., 2024). Compared
to previous studies, which mainly emphasize the general
benefits of inclusive sport (Di Palma & Tafuri, 2016; Darcy
et al., 2016), the present findings provide a more detailed
understanding of the mechanisms through which inclusion
is generated.

From a pedagogical perspective, the active involvement
of students as participants rather than observers appears to
be a key condition for the effectiveness of the intervention.
This is consistent with literature highlighting the role of
direct interaction with individuals with disabilities in
modifying attitudes and fostering relational competencies
(Haegele et al., 2016). Similarly, the development of
professional awareness observed in the qualitative data
confirms the relevance of experiential learning approaches
in Sport Sciences education, particularly in relation to
adapted physical activity and its connections with lifestyle
and cognitive functioning (Tafuri et al., 2025).

The findings also align with cooperative learning theory,
according to which learning is enhanced through positive
interdependence and shared responsibility (Johnson, 2009).
In Baskin, such interdependence is structurally embedded
in the rules of the game, representing a distinctive element
compared to traditional sport practices, with implications
for psychosocial development and body perception (Latino
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et al., 2019). Furthermore, the results can be interpreted
through the lens of Self-Determination Theory (Deci &
Ryan, 2000): the laboratory appears to satisfy the needs
for competence (through role differentiation), relatedness
(through cooperation), and autonomy (through active
participation), thus explaining the high level of engagement
and the improvement in perceived inclusion.

From a scientific perspective, the study contributes to
the literature by moving beyond a purely descriptive claim
(“Baskin improves inclusion”) and identifying the structural
and pedagogical conditions under which inclusive outcomes
are produced. It also integrates empirical findings with
theoretical frameworks, offering a more comprehensive
understanding of inclusive sport as a learning environment.

Some limitations should be acknowledged. The short
duration of the intervention limits the assessment of long-term
effects; the use of the PIQ as the sole quantitative instrument
restricts the analysis to perceived inclusion; and the absence
of a control group reduces the possibility of establishing causal
relationships. Future research should address these limitations
through longitudinal designs, the inclusion of additional
variables (e.g., self-efficacy, attitudes toward disability), and
comparative studies across different contexts.

Despite these limitations, the findings indicate that
Baskin represents a high-potential educational tool in
university Sport Sciences programs. Its effectiveness lies not
only in its inclusive intent but in its capacity to translate
inclusion into a structured, embodied, and reflective
practice, contributing to the development of ethically and
socially aware professionals (Mazzeo et al., 2016).

Conclusion

In light of the results obtained, the Baskin laboratory
can be considered a meaningful educational experience for
first-year Sport Sciences students. Direct interaction with
individuals with motor disabilities, mediated through asports
practice structured according to principles of cooperation
and active participation, contributed to improving perceived
inclusion and generated significant transformations at
relational and professional levels.

The most significant aspect emerging from the study
concerns the fact that Baskin did not merely function as
an adapted sports activity but as a pedagogical context
capable of generating learning. Students experienced direct
contact with disability not mediated by an assistive or purely
theoretical perspective, but embedded within a concrete
situation of play, collaboration, and shared responsibility.
This made it possible to redefine their representations of
disability and to develop a more mature understanding of
the educational value of inclusive sport.

From the perspective of university education, the
findings suggest that experiences of this type can substantially
contribute to the development of professional competencies
that are increasingly necessary in the field of Sport Sciences:
adaptability, observation of individual differences, design of
inclusive activities, management of heterogeneous groups,
and pedagogical reflection on practice. In this sense, Baskin
represents a methodology aligned with the need to train
professionals who are not only technically competent but
also aware of the educational and social implications of their
interventions.

From an institutional perspective, the results suggest
the opportunity to integrate inclusive sport laboratories
more systematically into Sport Sciences university
curricula. Such activities could represent an effective bridge
between theoretical education and professional practice,
strengthening the quality of student preparation and
contributing to the development of a university culture more
attentive to inclusion.

Finally, future research should further explore this field
through longitudinal studies, larger samples, and the use of
multiple evaluation tools. In particular, it would be useful to
examine whether the observed effects on perceived inclusion
and professional awareness are maintained over time and
to what extent such experiences influence students’ future
professional orientations.

Overall, this study suggests that Baskin, when used
as a university laboratory, can represent a highly valuable
pedagogical tool—not only because it enables the shared
participation of people with and without disabilities, but
because it transforms this participation into an opportunity
for learning, reflection, and professional growth. In this
sense, Baskin is not simply an inclusive sport, but a genuine
educational experience of lived inclusion.
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Baskin Ak iHKno3nBHa 0CBiTHA Naboparopin
B YHiBepCUTETCbKIill OCBITi Y cdpepi CNOPTUBHMX HAyK

Emma Capaitenno'®<P, ®enepika bagii Ecio3ito'A5¢?, [Ixxannyka [paBino'A5cP

"YuiBepcurer Heanons «ITapreHomne»

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

Pedepar. Crartsi: 9 ¢, 2 Tabn., 21 mxeperno.

Axryanpaictb. ColjiaibHa iHK/II03i5 € OHMM i3 KII0YOBUX NPiOPUTETIB OCBITHBOI Ta CIOPTUBHOI IOMITUKY, CIIPAMOBAHMUX
Ha CTBOPEHH: CePeflOBUIIIA YYaCTi, Y AKOMY LIiHy€TbCsA pi3HOMaHITHICTD. Baskin sk iHHOBaLiiiHMIT IHK/TIO3VBHUI BUJ| CIIOPTY fla€
MOX/IMBICTh 0co0aM 3 iHBaifHICTIO Ta 6e3 Hel OpaTyl Y4acThb Y CIiIbHIIN AisbHOCTI 3aBAsAKY Ay epeHIiIoBaHIM POJISIM 1 ajian-

TOBAHMM IIpaBUIaM, 110 CIPUAE B3AEMOJIIL Ta CIIiBIIpaLli.

Merta gocmimkenns. OLiHNTH OCBITHII i corianpHumit Bius 1aboparopii Baskin, peanisoBaHoi B Me)xax yHiBepCUTETCBKOTO
KypCY CIIOPTMBHUX HayK, 3 0COOIMBOIO YBArok0 0 COPUITHATTSA CTy/leHTaMI iHK/TI03i1, MixkocobucricHoi B3aemopii Ta mpodeciii-

HOIr'o pO3BUTKY.
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Marepianu i MeTogu. Bukopucrano smimaumit gusais gocmimpkenss. KinpkicHi gani 36upanm 3a JOIOMOTOX ONUTYBA/Ib-
HuKa Perceived Inclusion Questionnaire (PIQ), sikuit 3acrocoBysamu o (T0) ta micna (T1) Brpydyanns. SkicHi gaHi oTpumyBamm
IIUIIXOM CUCTEMATUYHVX CIIOCTEPE)XeHb, pe(IeKCUBHIX HIO/IEHHMKIB 1 HAIIBCTPYKTYPOBaHNUX iHTepB’10. Y JOC/IIPKEHH] B3s/1M
y4acTb 175 cTyeHTiB yHiBepcuTeTy Ta 13 0cib i3 mopyleHHAME OIOPHO-pyxoBoro anapary. KinbkicHi faHi ananisysamu 3a fo-
IIOMOTOK0 t-KpUTepio IS 3aIeXXHNUX BUOIpoK i koedinienta d KoeHa, Tozi s AKicHI faHi ONpaIjbOBYBaIi METOLOM TeMaTHIHOTO
aHarisy.

PesynpraTtm. PesynpTaTti 3acBifumay CTaTMCTUYHO 3HAYYILE MiIBUIEHHSA PiBHA CIPUIHATTA iHK/MIO3ii, COL[ia/IbHOTO IPU-
MHATTA Ta MbkocobucTicHol miarpumku (p < .001) i3 Benukum posmipom edekry (d = 0.82). SkicHi pesyabraTyt BUABUIN 3MiHM
Y CIPUMITHATTI CTy/leHTaMy iHBaJTiTHOCTI, 3pOCTAHHs eMIarii, pO3BUTOK MPOQeciiiHNX KOMIIETEHTHOCTe i HOCUIEHHS TPYIIOBO]
aryprosaHocTi. Jlaboparopis cripusia popMyBaHHIO KOOIIepaTUBHOI TOBEIiHKI Ta 3MEHIIEeHHIO MKOcoOuCTiCHUX 6ap’epiB.

BucHosku. JIaboparopis Baskin BusiBunacs eeKTMBHUM MearoriYHNM iHCTPyMEHTOM iHK/TIO3MBHOI OCBiTH Y cepi criop-
TUBHIUX HayK. BoHa cripusie po3BuTKy Mi>koco6MCTicHMX, pedIeKCMBHUX i TpodeciitHNX HaBIYOK, @ TAKOXK 3a0e3Iedye 3MiCTOBHY
iHK/II03i10 Yepe3 CTPYKTypOBaHe IIPAKTUKO-OPi€HTOBaHE HaBYaHHA.

KirouoBi cnoBa: inkmosuBHuit criopt, baskin, cnopTusHi Hayky, iHK/II03MBHA OCBiTa, afjanTiBHA Qi3NYHa aKTMBHICTD, YHi-
BEpPCUTETChKA OCBiTa.

Information about the Authors:
Saraiello, Emma: esaraiello@gmail.com; https://orcid.org/0000-0002-8783-6112; Department of Medical, Motor and Wellness
Sciences, Parthenope University of Naples, Naples, Italy.
Badii Esposito, Federica: federica.badii.esposito@uniparthenope.it; https://orcid.org/0009-0008-4207-4485; Department of
Medical, Motor and Wellness Sciences, Parthenope University of Naples, Naples, Italy.

Gravino, Gianluca: gianluca.gravino@unicampania.it; https://orcid.org/0009-0001-2025-8899; Department of Medical, Motor
and Wellness Sciences, Parthenope University of Naples, Naples, Italy.

Cite this article as: Saraiello, E., Badii Esposito, E, & Gravino, G. (2026). Baskin as an Inclusive Educational Laboratory in
University Sport Sciences Education. Physical Education Theory and Methodology, 26(3), 490-498.
https://doi.org/10.17309/tmfv.2026.3.10

Received: 16.03.2026. Accepted: 11.04.2026. Published: 30.05.2026

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

498



Physical Education Theory and Methodology
Teopia Ta MeToAanKa $pi3MYHOr0 BMXOBaHHA

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

Original Scientific Articles. Motor Development and Fundamental Movement Skills

Effects of Hybrid Training Combining Shadow, Dynamic Ball,
Sensory, and Game Drills on Forehand Drive Performance
in Young Table Tennis Players: A 2x2 Factorial Design

Nurliati Syamsuddin'?*43<PE, Damar Rais**“®, Hendri Mulyadi**®,

Nofi Marlina Siregar'**” and Johansyah Lubis

"Universitas Negeri Jakarta
*Universitas Negeri Makassar
*Universitas Muhammadiyah Jakarta

1ACD

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

Corresponding Author: Nurliati Syamsuddin, e-mail: nurliatisyamsuddin_9904920001 @unj.ac.id

Accepted for Publication: May 5, 2026
Published: May 30, 2026

DOI: 10.17309/tmfv.2026.3.11

Abstract

Background. Optimal training protocols for the forehand drive in young table tennis players (ages 6-9) are still
under development. Although shadow drills, dynamic ball practice, sensory tools, and game-based activities each
provide unique benefits, no research has integrated these methods into a hybrid model. Additionally, the moderating
role of baseline EHC remains unclear, limiting the design of inclusive training programs.

Objectives. This study investigated the effect of a hybrid training model on forehand drive performance and assessed
whether its effectiveness varied according to the athlete’s baseline EHC level.

Materials and Methods. A 2x2 factorial quasi-experimental design was employed. Twenty-eight athletes from
PTMSI Makassar were divided into experimental (n = 14) and control (n = 14) groups and further stratified by high
or low EHC levels (measured using the Beery VMI). Forehand drive accuracy (maximum score = 50) was assessed
before and after 14 training sessions (50 minutes each, three times per week). Data were analyzed using two-way

ANCOVA while controlling for pretest scores.

Results. After adjustment, the hybrid group achieved significantly higher scores than the control group (M = 44.68
vs. 42.11; p < 0.001, partial n* = 0.483). Athletes with high EHC outperformed those with low EHC (M = 44.54 vs.
42.25; p < 0.001, partial n* = 0.423). The interaction between training and EHC was not significant (p = 0.991).
Conclusions. The hybrid training model significantly improved forehand drive performance compared to
conventional training methods. Coaches are encouraged to incorporate all four training methods into daily practice
programs. These findings highlight the importance of integrating diverse training approaches at an early age and
suggest potential applications in pediatric physiotherapy and motor performance rehabilitation.

Keywords: table tennis, forehand drive, hybrid training, eye-hand coordination, early childhood.

Introduction

Modern table tennis demands high reaction speed,
technical precision, and exceptional perceptual-motor
coordination, especially in young athletes during their early
developmental stages (ages 6-9). Among the basic strokes,
the forehand drive is widely recognized as a key offensive
technique, serving as the foundation for more advanced

©  Syamsuddin, N, Rais, D., Mulyadi, H., Siregar, N. M., & Lubis, J.,
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attacking shots, as demonstrated by Grycan et al. (2023)
and Mao et al. (2023). According to Faber et al. (2021) and
He et al. (2022), mastering the forehand drive at an early
age is critical because it builds the technical foundation for
acquiring subsequent skills.

Various training methods have been developed to enhance
forehand drive performance. Shadow training improves
movement patterns without ball contact interruptions (Gusman
etal., 2025; Pratama, 2021). Dynamic ball training and multiball
exercises increase repetition frequency and enhance the upper
arm muscle stretch-shortening cycle (Asri et al., 2017). Sensory
tools, such as target boards and auditory cues, provide feedback
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that enhances shot accuracy and proprioceptive awareness
(Basiri et al., 2020). Game-based training reinforces decision-
making and adaptability in unpredictable match contexts (Pane
etal., 2020). While each of these methods demonstrates benefits,
the current literature remains at an impasse, primarily due to
technical gaps rather than holistic approaches.

The primary limitation of the existing protocols is their
fragmentation. When applied independently, these methods
fail to address the holistic demands of motor learning in
children, an approach increasingly recognized as essential for
youth development (Martindale et al., 2007). For 6-9-year-
olds, monotonous repetitive training, which is the default
in many conventional settings, leads to premature technical
consolidation without the necessary contextual variation
for long-term skill retention and transfer (Schmidt & Lee,
2019). This concern is supported by research on contextual
interference, which indicates that while blocked practice
may lead to faster initial performance gains, it typically
results in poorer retention and transfer to novel situations
compared to more variable practice schedules (Krstulovi¢
et al., 2020). In contrast, relying solely on game-based
play without sufficient technical repetition leads to higher
error rates and reinforcement of flawed biomechanical
patterns. This tension creates a pedagogical contradiction—
developmental needs for high-volume, accurate repetitive
training to consolidate motor pathways directly conflict
with the psychological need for varied, engaging stimuli that
maintain attention and prevent fatigue in young children.

Furthermore, the role of eye-hand coordination (EHC)
as a potential moderator of intervention effects remains a
critical unanswered question. EHC is not merely a correlate
of performance; it is a fundamental perceptual-motor barrier
that training stimuli must overcome (Hiilsdiinker et al., 2019;
Utama et al., 2023). It is plausible that complex multimodal
interventions may inadvertently benefit children with superior
basic visuomotor integration, thus widening the performance
gap (Matthew effect). The Matthew effect in this context would
manifest as the “rich become richer” phenomenon, where small
initial advantages in ability could accumulate and be amplified
by a training program that is not sensitive to individual baseline
differences (Bakermans-Kranenburg et al.,, 2005). Conversely,
if the hybrid model provides adequate external scaffolding
(e.g., enhanced feedback from sensory tools), it may narrow
the gap, acting as a compensatory mechanism for children
with low baseline EHC. The absence of empirical evidence
regarding this interaction renders current coaching practices
speculative. Coaches cannot ascertain whether the integrated
training protocol is an inclusive tool for all athletes or a selective
accelerator for those already well-coordinated and transform a
potentially polarizing training tool into a universally effective
and equity-promoting intervention (Plak et al., 2016).

This study is designed to resolve the specific pedagogical
contradiction identified in the research question: the inherent
tension between high-volume, accurate repetition required to
consolidate motor pathways and the limited attentional capacity
typical of children aged 6-9. Therefore, the objective is not
merely to analyze the broad effects but to determine whether the
sequential multimodal hybrid training protocol can reconcile
this contradiction more effectively than conventional constant
training. Furthermore, thisstudyaimsto clarify whether basiceye-
hand coordination (EHC) moderates intervention effectiveness,
for example, whether the hybrid model serves as an inclusive

developmental tool or as a selective accelerator that differentially
benefits those with higher early visuomotor capacity.

Three initial hypotheses were formulated: (1) The hybrid
model will result in a significantly greater improvement in
forehand drive accuracy compared to conventional training,
based on contextual interference and part-to-whole transfer;
(2) athletes with high EHC will outperform athletes with low
EHC, regardless of training condition, reflecting the fundamental
performance constraints imposed by visuomotor integration;
and (3) a significant Training x EHC interaction will emerge,
with competing predictions between compensatory mechanisms
(narrowing the gap) versus Matthew effects (widening the gap)
to be empirically tested. Based on the needs analysis, preliminary
observations of PTMSI Makassar coaching, and the identification
of forehand drive training methods and models previously
applied by coaches, the researchers plan to further develop this
training model by integrating several methods, including shadow
training, dynamic ball exercises, sensory tools, and game-based
play. The combination of these various training methods has
been summarized into a structured training program.

Materials and Methods

Study Design

A 2x2 factorial, parallel group, quasi-experimental
design was used to examine the main and interaction effects
of the training model (hybrid vs. conventional) and eye-
hand coordination level (high vs. low) on forehand drive
performance. The study was conducted at the Table Tennis
Training Center of PTMSI Makassar, Indonesia.

Table 1. The 2x2 Factorial Design

Training Model High EHC Low EHC
Experimental (Hybrid) EH_H(n=7) EH_L(n=7)
Control (Conventional) CH_H(n=7) CH_L(n=7)

Note: EH_H = Experimental group, High EHC; EH_L =
Experimental group, Low EHC; CH_H = Control group, High
EHC; CH_L = Control group, Low EHC. All four cells contain
7 participants, yielding a total sample of 28.

Sample and Allocation

A total of twenty-eight young table tennis athletes (ages
6-9) registered with PTMSI Makassar were recruited through
purposive sampling. A priori power analysis conducted
using GPower 3.1 (Faul et al., 2007) for a two-way ANOVA
(= 0.05, power = 0.80, large effect size f = 0.40) indicated that
a minimum total sample of 24 participants was necessary; thus,
28 participants were enrolled to account for potential attrition.
The inclusion criteria included: (a) active PTMSI membership
for at least one year; (b) the ability to perform a basic forehand
drive; (c) no history of upper or lower extremity injury within
the preceding six months; and (d) willingness to attend all 14
training sessions. The exclusion criteria were: (a) absence from
more than two consecutive sessions and (b) any acute illness or
injury occurring during the intervention.

Allocation procedure

Dueto the need for coordinated access to specific training
equipment and coaching schedules, participants were non-
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randomly assigned to either the experimental group (hybrid
training, n = 14) or the control group (conventional training,
n = 14). The allocation was based on the convenience of
training slots while ensuring that the groups were balanced
in terms of age and initial performance level; subsequent pre-
test analysis confirmed baseline equivalence (see Results).
Within each group, the 14 athletes were further stratified
into high (n = 7) and low (n = 7) eye-hand coordination
subgroups based on their age-adjusted Beery VMI standard
scores (high: 2100, low: <100).

(ii)

Fig. 1. Forehand Training using Dynamic Ball (i) and Sensory
Tool (ii)

Procedure

Eye—Hand Coordination Assessment

Eye-hand coordination was assessed before the
intervention using the Beery-Buktenica Developmental
Test of Visual Motor Integration (Lim et al., 2015). The test
requires children to copy 24 geometric forms of increasing
complexity within 10-15 minutes. Raw scores were
converted to age-adjusted standard scores (M = 100, SD =
15), and participants were classified as high (=100) or low
(<100) EHC.

Training Protocols

Both groups engaged in 14 training sessions (three
sessions weekly, eachlasting 50 minutes), overseen by certified
table tennis coaches. The experimental group adhered to
a structured hybrid model comprising: (1) ten minutes of
shadow drills without a ball to enhance movement patterns

and footwork; (2) fifteen minutes of dynamic ball training
utilizing a suspended ball apparatus to promote high-volume
repetitive strikes with intrinsic feedback; (3) ten minutes
of sensory tools, including visual and auditory targets,
designed to improve shot accuracy and proprioceptive
feedback; and (4) fifteen minutes of game-based drills, such
as modified small-sided matches, to facilitate the transfer of
skills into representative contexts. Conversely, the control
group underwent traditional training, characterized by
repetitive forehand drive exercises devoid of any systematic
advancement or integrated elements.

Evaluator and Concealment

All pre-test and post-test evaluations of forehand drive
performance were administered by a sole certified table
tennis coach possessing 10 years of coaching experience,
who remained independent of the training intervention. The
assessor was unaware of the participants’ group assignments
and did not know if any athlete belonged to the experimental
or control group during both assessment sessions. Due to the
nature of the physical intervention, it was impractical to blind
either the coaches administering the training or the participants
involved. Nonetheless, data analysts were unaware of group
assignments during the statistical analysis phase.

Regulation of External Training Loads

To minimize extraneous variation, all participants
and their guardians were instructed to abstain from any
supplementary organized table tennis practice outside
the designated study sessions throughout the 5-week
intervention period. Compliance was assessed via a weekly
self-report log; no participant indicated significant external
training throughout the study.

Performance Indicator

The performance of the forehand drive was assessed
utilizing the validated test established by Rihtiana and
Tomoliyus (2014). Each athlete performed 10 forehand
drives aimed at three concentric target zones (30x30 cm,
60x60 cm, and 60x60 cm), receiving scores of 5, 3, and 1,
respectively, resulting in a maximum attainable score of 50.
The instrument exhibits substantial test-retest reliability
(ICC =0.89) and content validity.

Statistical Analysis

Descriptive statistics were computed for each factorial
cell. Baseline equivalence was assessed via one-way ANOVA
on pre-test scores. To evaluate the intervention effect while
controlling for initial differences, a two-way analysis of
covariance (ANCOVA) was performed on post-test scores
with pre-test scores as the covariate, training model and
EHC level as fixed factors, and the two-way interaction term
included. Effect sizes were reported as partial eta squared (n?),
interpreted according to Cohen’s benchmarks (.01 small, .06
medium, .14 large). Assumptions of normality, homogeneity
of variance, and homogeneity of regression slopes were
checked and satisfied. All analyses were conducted in SPSS
(version 26.0) with a = 0.05.
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Results

Descriptive analysis presents the mean scores and
standard deviations of forehand drive skills in table tennis
for athletes in both the experimental and control groups.
The two groups were distinguished by their high and low
eye-hand coordination abilities. Table 1 displays the average
forehand drive scores and standard deviations for each of
the four factorial cells. The forehand drive assessment has
a maximum score of 50 points. No participant attained this
maximum; nonetheless, the highest recorded score was 49
points. Consequently, this measure is sufficiently sensitive to
detect changes without range limitations.

Table 2. Pretest and Posttest Forehand Drive Scores

e n Pretest Posttest  Mean
Mean (SD) Mean (SD) Change

Experimental High (EH_H) 7 42.14 (3.67) 45.86 (2.41) +3.71
Experimental Low (EH_L) 7 41.86(2.48) 43.43 (1.13) +1.57
Control High (CH_H) 7 42.71(1.70) 43.57 (1.51) +0.86
Control Low (CH_L) 7 41.57 (3.16) 40.71 (2.69) -0.86

Note: Maximum score = 50 points. SD = standard deviation.

The descriptiveanalysisin Table 2 indicates thatall groups
commenced with similar baseline levels, with mean scores
between 41.57 and 41.86 for the low category and between
42.14 and 42.71 for the high category. Post-intervention,
the experimental groups exhibited more substantial positive
changes (+3.71 for EH_H, +1.57 for EH_L) relative to the
control groups (+0.86 for CH_H, -0.86 for CH_L). The
raw change scores offer preliminary evidence of varying
improvement, which was later examined through inferential
analysis that considers baseline variance.

Baseline Equivalence

A one-way analysis of variance (ANOVA) was
performed on the pre-test forehand drive scores to assess the
comparability of the four groups prior to the intervention.
The analysis indicated no statistically significant differences
between the groups, F; . = 0.21, p = 0.892, partial
n*® = 0.026. The minimal and inconsequential effect size
suggests that any pre-existing disparities in forehand drive
performance were trivial. Consequently, the assumption
of baseline equivalence is fulfilled, thereby enhancing the
internal validity of subsequent causal inferences concerning
the effects of the intervention. To ensure thoroughness and
facilitate comparison with studies presenting basic post-test
analyses, a two-way factorial ANOVA was performed on
post-test forehand drive scores, utilizing Training Model
(Experimental vs. Control) and Eye-Hand Coordination

(High vs. Low) as between-subjects variables. The
assumptions of normality (Shapiro-Wilk, p >0.05) and
homogeneity of variance (Levene’s test, F;,, = 0.52, p = .672)
were satisfied.

There was a significant difference between the group
receiving the hybrid training model and the group receiving
conventional training, regardless of eye-hand coordination
level (F(, .4 = 10.53, p = 0.003, partial n> = 0.305).
Additionally, a significant effect of eye-hand coordination
level on forehand drive performance was observed: athletes
with high EHC consistently scored higher than athletes with
low EHC, regardless of the training group (F, ,, = 11.77,p =
0.002, partial n> = 0.329). However, the interaction was not
significant. This means that the difference in scores between
the hybrid and conventional training groups was not
dependent on the child’s eye-hand coordination level (F, ,,
=0.08, p = 0.783, partial n*> = 0.003), with the hybrid model
showing benefits for both high and low EHC children.

In this study, the correlation between pre-test and post-test
scores was moderate and positive, rye = 0.52, p = 0.005, which
meets the key condition for the effective use of ANCOVA.
Therefore, a two-way ANCOVA was performed on post-test
forehand drive scores, with pre-test scores as the covariate,
training model (Experimental vs. Control), and eye-hand
coordination level (EHC High vs. Low) as between-subjects
factors, including the two-way interaction term.

Before interpreting the ANCOVA results, the underlying
assumptions were tested. The assumption of normality was
assessed using the Shapiro-Wilk test for the residuals of
each factorial cell; all p values exceeded 0.05, indicating no
significant departure from normality. Levene’s test confirmed
the homogeneity of variances across the four groups,
Fi 2= 0.52, p = 0.672. The assumption of homogeneity
of regression slopes was satisfied, as the interactions
between the covariate and each independent variable were
not significant: Pre-test x Training Model, F(, ,, = 0.06,
p = 0.814; Pre-test x EHC, F, ,,) = 0.30, p = 0.592. Thus, all
assumptions underlying ANCOVA were satisfied.

A significant main effect of eye-hand coordination
(EHC) was also observed, F ) = 16.90, p < 0.001, partial
n? = 0.423, with high EHC athletes (M = 44.54, SE = 0.39)
outperforming low EHC athletes (M = 42.25, SE = 0.39).
The interaction between the training model and EHC was
not significant, F, ,5 = 0.001, p = 0.991, partial n* < 0.001,
indicating that the magnitude of the hybrid training
model’s advantage over conventional training did not differ
significantly between high and low coordination participants
within the constraints of the current sample. To further
explore the differences between individual factorial cells,
Tukey’s Honestly Significant Difference (HSD) post-hoc
tests were conducted (Table 5).

The only statistically significant pairwise difference
was identified between the Experimental High EHC group

Table 3 (Alternative). TwoWay ANOVA Results for Posttest Forehand Drive Scores

Source Type III SS df MS F P partial n’
Training Model (T) 43.75 1 43.75 10.53 .003 .305
Eye-Hand Coordination (EHC) 48.89 1 48.89 11.77 .002 .329
T x EHC Interaction 0.33 1 0.33 0.08 .783 .003
Error 99.72 24 4.16

Note. R* = .48 (Adjusted R* = .42).
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Table 4. TwoWay ANCOVA Results Forehand Drive Scores

Source Type III SS df MS F P partial n*

Corrected Model 102.96 4 25.74 11.95 <.001 0.675
Intercept 24.25 1 24.25 11.26 0.003 0.329
Pretest 38.24 1 38.24 5.89 0.023 0.204
Training 46.32 1 46.32 21.50 <.001 0.483
EHC 36.40 1 36.40 16.90 <.001 0.423
Training x EHC 0.0003 1 0.0003 0.001 0.991 0.000
Error 49.53 23 2.15
Total 53107.00 28
Corrected Total 152.49 27
Note. R* = .66 (Adjusted R* = .60). Partial n* benchmarks: small = .01, medium = .06, large ~ .14 (Cohen, 1988).
Table 5. Tukey’s HSD PostHoc Comparisons Between Factorial Cells

(I) Group (J) Group Mean Difference (I-]) SE P 95% CI Lower 95% CI Upper
EH_H EH_L 2.43 1.09 0.145 -0.62 5.48
EH_H CH_H 2.29 1.09 0.186 -0.76 5.34
EH_H CH_L 5.14 1.09 <0.001 2.09 8.19
EH_L CH_H -0.14 1.09 0.999 -3.19 291
EH_L CH_L 2.71 1.09 0.081 -0.34 5.76
CH_H CH_L 2.86 1.09 0.060 -0.19 591

Note. SE = 1.09 (pooled from oneway ANOVA MS_within = 4.155, df = 24). Bold text indicates a significant pairwise difference

(p-value < .05). All pvalues are adjusted for multiple comparisons.

(EH_H, M = 45.86) and the Control Low EHC group
(CH_L, M = 40.71), resulting in a difference of 5.14 points.
No further comparisons reached statistical significance.
This pattern corresponds with the principal effects observed
in the ANCOVA and highlights the synergistic benefit
of hybrid training and enhanced baseline coordination
in the most favorable condition compared to the least
favorable one. However, owing to the absence of substantial
interaction in the comprehensive factorial model, these cell-
wise comparisons should not be overinterpreted.

lllustration of the Insignificant Interaction

An interaction plot was created to demonstrate the
absence of a significant interaction (Figure 2). The graph
depicts the mean forehand drive scores for the experimental
and control groups at two tiers of eye-hand coordination.
The lines representing the two training models are nearly
parallel, suggesting that the influence of the hybrid training
model was unaffected by the athletes’ initial eye-hand
coordination. Figure 2 depicts parallel lines, signifying a
non-significant interaction.

Discussion

This study investigated the impact of a sequentially
integrated hybrid training model comprising shadow drills,
dynamic ball exercises, sensory apparatus, and game-based
activities. The influence on forehand drive performance was
evaluated in young table tennis players aged 6 to 9 years,

. Interaction Plot: Training Model x EHC

—e— Hybrid Training

46 4 —@— Conventional Training

45

43

42

41 4

Forehand Drive Score (post-test)

39

High
Eye-Hand Coordination Level

Fig. 2. Interaction Plot of Training Model x EyeHand
Coordination on Forehand Drive

considering the significance of eye-hand coordination (EHC).
This study’s findings can be encapsulated in three principal
results: (1) the hybrid training model yielded a statistically and
practically significant enhancement in forehand drive accuracy
relative to traditional training, after adjusting for pre-test scores;
(2) elevated EHC was independently correlated with improved
post-test performance; and (3) no significant interaction was
observed between the training model and EHC level.

The substantial primary effect of the training model,
indicated by a large effect size partial n* = .483, aligns
with research highlighting the advantages of diverse and
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organized training. All elements of this hybrid protocol
conform to established principles of motor learning. Shadow
training deconstructs movement patterns and diminishes
the cognitive burden associated with ball tracking (Gusman
et al., 2025; Robin & Dominique, 2025; Pratama, 2021).
Dynamic ball exercises offer the necessary repetition
volume to improve motor pathways while incorporating
intrinsic feedback (North et al., 2019; Asri et al., 2017). The
sensory apparatus offers supplementary feedback aimed at
enhancing spatial precision (Basiri et al., 2020), which is
crucial for athletes to accurately track and respond to moving
objects during dynamic ball exercises. Game-based training
exposes participants to progressively distracting contextual
conditions, which has been demonstrated to improve skill
retention and transfer (Vaghetti et al., 2023; Pane et al., 2020;
Galatti et al., 2019; Schmidt & Lee, 2019). By amalgamating
these elements into a unified session, the hybrid model
may have fulfilled the requirement for engaging, repetitive
practice for youth while maintaining balance. The Beery
VMI test employed in this study assesses visual perception,
motor planning, and fine motor control, all pertinent to the
demands of striking small, rapidly moving targets. The recent
discovery that EHC can autonomously predict the precision
of the forehand drive aligns with prior research and indicates
that EHC assessment may serve as an effective instrument
for identifying young athletes (Susetyorini et al., 2019) who
might gain from enhanced motor-perceptual training.

Research by Basiri et al. (2020) demonstrates that visual
training, when combined with forehand practice, improves
reaction time, anticipation-coincidence timing, and eye-hand
coordination, as well as the acquisition and retention of the
forehand drive in novice players. This corresponds with the
study’s findings, indicating that enhancing EHC capabilities
through visual training can aid in the acquisition of technical
skills, such as the forehand drive in table tennis. This study
illustrates that integrating varied visual and motor exercises
into a hybrid training model validates the importance of
visual-based training, especially eye-hand coordination, in the
enhancement of complex motor skills. Extensive research by
Johor & Rahmadiky (2020) and Kurniawan & Rangkuti (2020)
demonstrated that eye-hand coordination and arm strength
significantly correlate with forehand drive proficiency, each
accounting for over fifty percent of the variance in this skill
within their respective samples. These findings correspond
with the study’s results, indicating that EHC functions as an
independent predictor of forehand drive accuracy. This study
found no significant interaction between training models and
EHC levels; however, the results substantiate the claim that
EHC significantly affects technical performance. The positive
correlation between eye-hand coordination and arm strength
with stroke proficiency suggests that these elements are crucial
for the development of motor skills in table tennis (Sharma et
al, 2024).

Mongsidi et al. (2023) illustrate that focused eye-hand
coordination training significantly improves forehand drive
skills in children. The findings endorse the training methodology
utilized in the hybrid model, indicating that exercises focused
on repetition and reinforcement of motor coordination with a
dynamic ball can improve the precision of the forehand drive
movement. The results correspond with current literature,
indicating that enhancing fine motor coordination and visual
perception in a sports context can accelerate the acquisition of

intricate technical skills. Shinkai et al. (2024) demonstrated that
during a forehand rally with a moving ball, the coordination of
the eyes, head, and arm is markedly temporally synchronized,
revealing correlations between the head and arm, as well as
between the eyes and arm. Research indicates that hand-eye
coordination, a component of perceptuo-motor skills, can
predict future competitive performance and reduce dropout
risk in youth table tennis, highlighting its importance in long-
term athlete development (Faber et al., 2023). This indicates
a strong correlation between integrated visual and motor
movements in the forehand technique of table tennis. This study
suggests that improved visuomotor coordination, marked by
better synchronization of eye, head, and arm movements, may
substantially enhance forehand skills. These findings provide
a framework for enhancing motor coordination training in
forehand instruction, ashead and eye movements, in conjunction
with arm movements, are crucial for refining the accuracy and
timing required for this technical skill (Warzugqni et al, 2025).

This study offers initial evidence on the efficacy of the
hybrid training model and the independent function of EHC;
however, the lack of a significant interaction between the
training model and low-level EHC indicates the necessity for
additional research with a larger sample size. The interaction
effect between training model and eye-hand coordination
(EHC) level on forehand drive performance was non-significant
with a negligible effect size. Any alternative interpretation of
this interaction is erroneous. Future research should examine
moderating variables or non-linear relationships that could
elucidate the connection between eye-hand coordination
and technical skills within the framework of table tennis
training. Moreover, research incorporating biomechanical or
neurophysiological assessments, such as those performed by
Shinkai et al. (2022), will yield enhanced understanding of the
mechanisms driving skill enhancement.

Limitation

Multiple facets of the study design must be contemplated
when analyzing the results. The sample size (n = 28; 7 per
cell) was established through a priori power analysis and was
adequate for detecting large main effects with high precision;
however, the statistical power to discern small or moderate
interactions was constrained. The study lacked kinematic or
physiological measures that could clarify the mechanisms
behind any training effects, and the sample was sourced from
a single training center, potentially limiting external validity.

Conclusions

The hybrid training model, integrating shadow drills,
dynamic ball equipment, sensory devices, and game-based
activities, significantly improves forehand drive performance
in children aged 6-9 years compared to conventional repetitive
training, with a substantial effect size (partial n* = 0.483).
Higher baseline eye-hand coordination is associated with better
forehand drive accuracy. The interaction between training model
and EHC level was non-significant with a negligible effect size.
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Bnaus ribpngHoro TpeHyBaHHSA, WO NOEAHYE iMmiTaliliHi Bnpasu,
AVHaMiYHi BnpaBun 3 m'a4Yem, CEHCOPHi BNpaBu Ta irpoBi 3aBAaHHA,
Ha pe3ynbTaTUBHICTb yAapy cnpaBa y IOHUX rpaBLiB

Y HaCTiNbHUN TeHic: paKTOPHUN AN3alH 2X2

Hypmniari Camcyapin'*A5CPE, [Tamap Paic*A°P, Tenppi Mynbani*AP,

Hodi Mapnina Ciperap'®, Moxaucsx JTro6ic

'Mep>xaBHmit yHiBepcuteT [>KakapTu
*[lep>xaBHUI yHiBepcuTeT Makaccapa
’MyxamMafiricekuit yHiBepcuTeT JI)KakapTu

1ACD

ABTOpchKuit BKIa: A — nusaiiH gocmimpkeHHs; B - 36ip manHux; C - crataHanis; D — migroroska pykomucy; E — 36ip koutis

Pedepar. Crarrs: 9 c., 5 Tabi., 2 puc., 32 mxepena.

IlepegymoBu. OnTyManbHi IPOTOKOIN TPEeHYBAaHHA y/lapy CIIpaBa y IOHMX I'PaBIliB Y HACTIIbHMIT TeHic (6-9 pokiB) yce mie
nepeOyBaloTh Ha crajii pospobnenns. Xoya imiTaniiiHi BipaBu 6e3 M's4a, [MHAMIUHI BIIpaBU 3 M s4eM, CEHCOpPHI 3acobu Ta
irpoBi BIIpaBM MalOTh OKpeMi IIepeBari, >KOfiHe JOCI/PKeHHA He iHTerpyBao 1i METOAY B €UHY ribpuuHy Mozens. KpiM Toro,
MopudikyBaabHa POIb BUXIZHOTO PiBHS KoopauHaLil «oko—-pyka» (EHC) saimiaerbcst He3’ICOBaHOK0, 1110 0OMEXY€E MOXK/INBOCTI

PO3pO6IeHHA IHKTI03MBHNX TPEHYBaIbHIX IIPOTPaM.

Merta. JJoCTifKeHHs MaJIo Ha MeTi BUBYMTY BIUIMB TiOpUAHOI MOfie/li TPeHYBaHHA Ha Pe3y/IbTaTUBHICTh BUKOHAHHA YAApPY
CIIpaBa Ta OL[{HNTH, 9N 3aJIKNTD 1l ePeKTUBHICTH Bifj BUXiFHOTO PiBHA KOOPAMHALI «OKO—PYKa» CIIOPTCMEHA.

Marepianu Ta MeToau. byno sacTocoBaHo KBasieKcIepyMeHTaIbHUI Jusaiid 2X2. [IBafuATe BiciM criopTcmenis is PTMSI
Makassar 6y posnofineHi Ha eKcriepuMeHTanbHy (n = 14) Ta KOHTpO/IbHY (n = 14) rpyny, a TaKOX cTpaTndikoBaHi 3a BUCO-
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KM 260 HU3BKVUM piBHEM KOOPAMHALII «OKO—pyKa» (BU3SHAYEHNUM 3a JoIIoMorow tecty Beery VMI). TouHicTb BUKOHAHHS yHAPY
cripaBa (MakcuMasbHuUit 6an — 50) oniHOBaNM 10 Ta miciA 14 TpeHyBa/IbHUX 3aHATD (110 50 XBU/IMH, TPUYi Ha TYDKJEHD). AHAI3
JaHVX IIPOBOAMIIN 3a JoroMorom fBodaxkroproro ANCOVA 3 KOHTPOJIEM IIOKa3HMKIB ITOIIEPEFHBOTO TECTYBAHHSI.

Pesynprarn. ITic/ia KOpUryBaHH:A pe3y/IbTaTiB ribpyHa Ipyma IpofieMOHCTPYBasa JOCTOBIPHO BUIII TOKA3HUKY IOPIiBHAHO
3 KOHTPO/IbHOI rpynow (M = 44.68 npotu 42.11; p < 0.001, partial n* = 0.483). CnopTCMeHM 3 BUCOKUM piBHEM KOOpPAMHALIL
«OKO—pyKa» II0Ka3a/Ii Kpallli pesyIbTaTyl, Hi>K CITOPTCMEHN 3 HUSbKUM PiBHEM KOOpAMHAILil «0ko—pyka» (M = 44.54 mpoTn 42.25;
p < 0.001, partial n* = 0.423). BsaeMogist Mi>K TMIIOM TpeHYBaHH Ta piBHEM KOOPAMHALII «OKO—PyKa» He Oy/Ia CTaTUCTUYHO 3Ha-
gymomo (p = 0.991).

BucHosku. I'i6pugHa Moenb TpeHyBaHHs ZOCTOBIPHO MOKPAIINIA Pe3yIbTaTUBHICTh BUKOHAHHS Yapy CIIpaBa IIOPIBHIHO
3 TPAAMIITHUMM MeTOflaMi TpeHyBaHHA. TpeHepaM peKOMeH/YEThCA iHTeTrpyBaTi BCi YOTUMPHU METOAM TPEHYBAaHHA Y LIOfEeHHI
Iporpamu nifirotTosku. OTpuMaHi pe3ynbTaTi MiIKPeCT0I0Th BaKNIMBICTh iHTerpallil pisSHOMaHITHUX TPEHYBalIbHUX IiIXO/iB
y PaHHBOMY BiIli Ta CBiff9aTh PO MOTEHIITHI MOXX/IMBOCTI IX 3aCTOCYBaHHs y AMTs4il ¢isiorepamii Ta peabimirarnii pyxoBux
GbyHKIIIL.

KirouoBi croBa: HacTinbHMII TeHIc, yaap crpasa, ribpujHe TpeHYBaHHs, KOOPAMHALIA «OKO—PYKa», PaHHIN JUTAYNUIL BiK.
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Abstract

Objectives. This study aims to assess and compare Fundamental Motor Skills (FMS) using gender-based Gross Motor

Quotient (GMQ) scores in elementary school students.

Materials and Methods. The study involved 24 fourth-grade elementary school students (12 boys, 12 girls;

M=+SD = 10.21+0.41) to assess gross motor skills using the TGMD-2. The locomotor and object-control subtests
were assessed in two trials using binary criteria and then converted into standard scores and GMQ values. The
analysis included descriptive statistics, normality tests, independent t-tests or Mann-Whitney U tests, and effect size

calculations to compare motor skills between genders.

Results. Gross Motor Quotient (GMQ) analysis showed that most students had low gross motor skill levels. The
boys’ group was in the very poor category (GMQ 58-67) for both locomotor and object-control skills, indicating

low uniformity across subtests. The girls' group showed greater variation (GMQ 61-82), but the majority were still
classified in the very poor or poor categories. Independent-samples t-tests on the locomotor and object-control
subtests showed no significant differences between genders, except for the slide subtest, in which girls performed
better (p = 0.038). A Mann-Whitney U test on the GMQ confirmed a significant difference between the groups, with
girls outperforming boys (p = 0.005; effect size = 0.57). These findings confirm the low level of gross motor skills
among students and emphasize the need for structured motor learning interventions to improve locomotor and

object-control competencies.

Conclusions. Future research should explore game-based adaptive learning models, optimal exercise dosage, and the
integration of sensorimotor and motivational approaches to improve elementary school students’ GMQ.

Keywords: locomotor, object control, gross motor quotient, fundamental motor skills, differentiated physical education.

Introduction

Fundamental Motor Skills (FMS), which include
locomotor skills and object control, are the foundation
of students’ physical, cognitive, and social development
(Piotrowski et al., 2025). While essential, FMS development
does not occur automatically with age; children require
systematic instruction, sufficient practice, and feedback
from trained teachers (Nobre et al., 2018; Valentini et al.,
2016). In many schools, physical education instruction still
emphasizes free play and general fitness activities, with
little focus on specific motor skills, resulting in children

© Budiana, D., Fahri, A. S., & Blegur, J., 2026.

@ PETM
i LLCOVS

often not achieving age-appropriate standards (Barnett et
al., 2016). Optimal motor learning requires physical and
mental practice, instructional reinforcement, sensorimotor
adaptation, variety and frequency of practice, structured
feedback, and student motivation (Bates et al., 2026; Leech
etal., 2022). This gap underscores the urgency of identifying
underdeveloped FMS in elementary school students as a
first step to assess students’ Gross Motor Quotient (GMQ)
and understand the extent of their motor delays. Without
systematic evaluation, interventions may be poorly targeted
and fail to improve children’s motor competence.

Empirical data demonstrate variation in FMS abilities
in elementary school students. Students aged 7-9 years show
improved locomotor abilities compared to younger ages, but
most still fall within the “average” or “below average” category
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for locomotor skills, and “poor” to “below average” for
object control (Lin & Yang, 2015; Mukherjee et al., 2017). In
Indonesia, the average locomotor score is 78.7, while object-
control skills are much lower, at around 8% (Oktarifaldi et
al., 2024). Another study also confirmed that despite high
student participation, 90% boys and 92% girls, traditional
physical education still fails to provide sufficient motor
learning experiences to address children’s developmental
delays (Makaruk et al., 2025). These data indicate that
even though children participate in physical education,
their FMS competencies do not meet normative standards,
underscoring the need for a comprehensive evaluation
before designing interventions. Identification of FMS using
the GMQ is an important indicator for understanding motor
strengths and weaknesses and for determining development
priorities, both in locomotor and object-control aspects.

School environment factors, facilities, gender, and training
opportunities also influence the FMS gap in students. Boys tend
to show higher FMS scores than girls, particularly in object-
control skills, due to a higher frequency of practice and greater
interest in ball games (Komaini et al., 2023; Razali et al., 2025).
Conversely, girls students face physical barriers and activity
preferences that are less conducive to their motor development.
Systematically identifying FMS through the GMQ enables
teachers to understand each student’s individual needs, reduce
gender disparities, and determine more appropriate physical
education learning strategies. Children with low GMQ in
locomotor and object control are at risk of experiencing
difficulties in daily physical activities and not achieving age-
appropriate developmental standards (Mukherjee et al., 2017;
Oktarifaldi et al., 2024). Therefore, measuring the GMQ in
elementary school students is a crucial step in designing
evidence-based interventions, such as targeted exercises,
explicit instruction, and adjustments to the physical education
curriculum, to improve children’s motor skills optimally.

The purpose of this study was to assess and compare
gender-based physical education (FMS) in elementary
school-aged children using the GMQ. Systematic evaluation
of FMS in elementary school students is a critical step to
ensure interventions have a real and sustainable impact. The
results of this study support teachers and policymakers in
designing effective physical education programs.

Materials and Methods

Study participants

This study involved 24 elementary school students
(M+SD = 10.21+0.41) from an elementary school in
Bandung, West Java, Indonesia. Participants were 12 boy
and 12 girl students. Inclusion criteria included: (1) actively
enrolled students, (2) no physical or neurological disorders
affecting movement, and (3) written consent from a parent
or guardian. Students who were injured or absent during
data collection were excluded from the study.

Study organization

This study used a quantitative descriptive-comparative
design to evaluate the gross motor skills of elementary
school-aged children, specifically fourth-grade students, and
to compare motor skills between boys and girl groups. The

focus of this study was on measuring gross motor skills using
the standardized Test of Gross Motor Development-Second
Edition (TGMD-2) instrument developed by Ulrich (2000).
The TGMD-2 was chosen for its high reliability and validity
and for its ability to measure two main dimensions of gross
motor skills: locomotor and object control.

Prior to the measurements, each participant was given
a detailed explanation of the measurement procedure and
asked to wear sports clothing suitable for physical activity.
It was done to ensure participants could move freely and
perform each motor skill optimally. Next, each participant
completed all TGMD-2 subtests on the school sports field
under the supervision of trained researchers who were
familiar with the TGMD-2 assessment standards.

During the subtests, each skill was assessed based on
predetermined performance criteria. For each criterion, scoring
was conducted using a binary system: 1 if the criterion was met
and 0 if it was not. Each skill was performed in two formal
trials to increase assessment accuracy. All raw scores from each
subtest (locomotor and object control) were systematically
recorded for each participant and used to convert to standard
scores and the Gross Motor Quotient (GMQ).

Instrument

Participants’ gross motor skills were assessed using the
Test of Gross Motor Development-Second Edition (TGMD-2)
developed by Ulrich (2000). Thisinstrument demonstrated good
reliability and validity. The internal consistency coefficient for
the locomotor subtest was a = 0.85, while the coefficient for the
object control subtest was a = 0.88. The Gross Motor Quotient
(GMQ) also demonstrated higher internal reliability (a = 0.91).
Furthermore, test-retest reliability results demonstrated high
consistency, with coefficients of 0.88 for the locomotor subtest,
0.93 for the object control subtest, and 0.96 for the GMQ. It
indicates that the TGMD-2 instrument has good measurement
stability over time. In terms of construct validity, the loading
factor values ranged from 0.49 to 0.75, indicating that each
indicator contributes moderately to strongly to the construct
being measured. Furthermore, the goodness-of-fit indices also
demonstrated good fit, with a Goodness-of-Fit Index (GFI)
of 0.96, an Adjusted Goodness-of-Fit Index (AGFI) of 0.95,
and a Tucker-Lewis Index (TLI) of 0.90. Therefore, it can be
concluded that the TGMD-2 measurement model adequately
fits the empirical data.

The locomotor subtest consists of six skills: first,
running with four performance criteria. Second, gallop with
four performance criteria. Third, hop with five performance
criteria. Fourth, leap with three performance criteria. Fifth,
horizontal jump with four performance criteria. Finally,
slide with four performance criteria.

Meanwhile, the object control subtest also includes six
skills: first, striking a stationary ball with five performance
criteria. Second, stationary dribble with four performance
criteria. Third, catch with 3 performance criteria. Fourth,
kick with 4 performance criteria. Fifth, overhand throw
with 4 performance criteria. Finally, underhand roll with 4
performance criteria.

Statistical analysis

In the TGMD-2, the assessment of a child’s motor skills
begins with a raw score obtained through direct observation
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oflocomotor and object-control skills. This score is calculated
based on the number of correctly performed movement
criteria and does not account for age factors or population
norms. Next, the raw locomotor and object control scores
are converted into standard scores using normative tables
based on age and gender, specifically for students aged 10-11
years, with girl norms used for girls and boy norms for boys.
This stage aims to compare children’s abilities with their age
group more objectively.

The two standard scores from each subtest were then
summed and converted back to a GMQ using the TGMD-2
conversion table (Ulrich, 2000) (see Table 1). The GMQ is
normative, with a mean of 100 and a standard deviation of
15, allowing for the classification of children’s abilities into
categories such as below average, average, or above average.
Differences between raw scores and the GMQ arise from
the gradual conversion process from raw scores to standard
scores and then to the GMQ. Furthermore, the use of age-
and gender-specific norms can result in children with the
same raw score having different standard scores and GMQ
scores. The GMQ is also based on a normal distribution,
reflecting a child’s relative position within the population,
not simply the sum of the scores obtained.

Table 1. Descriptive ratings for subtest standard scores and
Gross Motor Quotient

Subtest standard Gross motor  Descriptive  Percentage
scores quotient ratings included
17-20 >130 Very superior 2.34
15-16 121-130  Superior 6.87
13-14 111-120  Above average 16.12
8-12 90-110 Average 49.51
6-7 80-89 Below average 16.12
4-5 70-79 Poor 6.87
1-3 <70 Very poor 2.34

Descriptive statistics were calculated for raw scores,
standard scores, total standard scores,and GMQ. A normality
test was performed to determine the appropriate inferential
analysis. For normally distributed data, an independent-
samples t-test was performed on the locomotor and object-
control subtests. Meanwhile, the Mann-Whitney U test was
used to analyze the GMQ between gender groups. Effect
sizes were calculated using Cohen’s (2013) formula, with the
following interpretations: 0.2 (small), 0.5 (medium), and 0.8
(large).

Results

Description of Gross Motor Quotient

Gross Motor Quotient (GMQ) analysis of 12 boys
students showed that their gross motor skills were classified
as very low. Individual Gross Motor Quotients ranged from
58 to 67, categorized as very poor, in both locomotor and
object control domains. Standard scores for each domain
also showed uniformity, with locomotor scores ranging
from 3 to 6 and object control scores ranging from 3 to
5 (see Table 2). This condition emphasizes the need for
more structured motor learning interventions or programs
aimed at improving students’ locomotor and object control
competencies.

Table 2. Gross Motor Quotient Profile of boy students
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1 33 30 63 5 3 8 64 Very poor
2 32 34 66 4 4 8 64 Very poor
3 35 31 66 5 3 8 64 Very poor
4 33 32 65 5 3 8 64 Very poor
5 30 36 66 4 5 9 67 Very poor
6 31 33 64 4 4 8 64 Very poor
7 27 30 57 3 3 6 58 Very poor
8 29 31 60 3 3 6 58 Very poor
9 36 32 68 6 3 9 67 Very poor
10 31 33 64 4 4 8 64 Very poor
11 30 30 60 4 3 7 61 Very poor
12 34 32 66 5 4 9 67 Very poor

Meanwhile, girl students (n=12) showed greater variation
in GMQ, ranging from 61 to 82, with the low category still
predominating. Five participants were categorized as very
poor, six as poor, and one as below average. Locomotor scores
ranged from 24 to 38, while object control scores ranged from
28 to 38 (see Table 3). Interindividual variation was observed,
but overall, it indicated that gross motor skills were still limited
in most participants. This finding again emphasizes the need
for structured motor intervention or learning programs to
improve locomotor and object-control skills, so that students’
GMQ can be placed in a more adequate category.

Table 3. Gross Motor Quotient profile of girl students
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1 34 30 64 5 5 10 70 Poor
2 36 38 74 6 8 14 82 Below average
3 24 30 54 2 5 61 Very poor
4 26 32 58 2 6 8 64 Very poor
5 32 28 60 4 4 8 64 Very poor
6 30 32 62 4 6 10 70 Poor
7 30 31 61 4 5 9 67 Very poor
8 28 33 6l 3 6 9 67 Very poor
9 32 33 65 4 6 10 70 Poor
100 38 34 72 7 6 13 79 Poor
11 31 32 63 4 6 10 70 Poor
12 34 32 66 5 6 11 73 Poor

Independent samples t-test (locomotor
and object control subtest)

Before conducting the mean difference test, a normality
test was first performed on the research variables to ensure
the data met the parametric assumptions for both the
locomotor and object control (gender) subtests.
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Table 4. Tests of normality

Kolmogorov-Smirnov*

Shapiro-Wilk

Variable
Statistic df Sig. Statistic df Sig.
Locomotor subtest (boys) 0.114 12 0.200" 0.985 12 0.997
Locomotor subtest (girls) 0.128 12 0.200 0.985 12 0.996
Object control subtest (boys) 0.167 12 0.200° 0.912 12 0.224
Object control subtest (girls) 0.188 12 0.200° 0.912 12 0.249
*. This is a lower bound of the true significance
a. Lilliefors Significance Correction.
Table 5. Testing the locomotor subtest
Group statistics (M+SD) Independent samples t-test
No Locomotor subtest
Boys (n=12) Girls (n=12) t-value Two sided p Decision
1 Run 533 +1.37 4.08£1.93 1.830 0.081 Not significant
2 Gallop 5.75+1.71 483 +1.27 1.491 0.150 Not significant
3 Hop 6.75 £ 1.06 6.67 £0.78 0.220 0.828 Not significant
4 Leap 3.58 £ 0.67 3.92+0.79 -1.113 0.278 Not significant
5 Horizontal jump 5.58 + 1.44 5.92+1.31 0.592 0.560 Not significant
6 Slide 475+ 1.42 5.83 £0.94 -2.203 0.038 Significant
Total 5.29 + 1.60 5.21 £ 1.56 0.362 0.721 Not significant
Table 6. Testing the object control subtest
Group statistics (M+SD) Independent samples t-test
No Subtest object control
Boys (n=12) Girls (n=12) t-value Two sided p Decision
1 Striking a stationary ball 6.25 £ 1.42 5.92 £ 1.44 0.570 0.575 Not significant
2 Stationary dribble 5.58 + 1.08 533+ 1.23 0.528 0.603 Not significant
3 Catch 4.17+1.34 4.17 £ 0.58 0.000 1.000 Not significant
4 Kick 5.17 £ 1.53 5.33 +£1.07 0.309 0.760 Not significant
5 Overhead throw 5.33 +0.65 592+ 151 -1.232 0.231 Not significant
6  Underhand roll 5.50 £ 0.65 5.42 +1.08 0.205 0.840 Not significant
Total 5.33+1.31 5.42 +1.08 -0.094 0.926 Not significant

The results of the normality tests using the Kolmogorov-
Smirnovand Shapiro-Wilk testsindicated that all study variables
did not deviate from normality. For the locomotor subtest, the
Kolmogorov-Smirnov statistic values for the boys and girls
groups were 0.114 and 0.128, respectively, with p values >0.05.
At the same time, the Shapiro-Wilk test showed a value of 0.985
for both groups with p values >0.05 (see Table 4).

For the object control subtest, the Kolmogorov-
Smirnov test yielded statistical values of 0.167 (boy) and
0.188 (girl) with p values >0.05, and the Shapiro-Wilk test
yielded statistical values of 0.912 (girl) with p values >0.05.
This finding indicates that the data meet the assumption
of normality, so parametric tests, such as the independent
samples t-test, can be applied.

The test results showed no significant differences in most
locomotor subtests, including the run (t = 1.830, p = 0.081),
gallop (t = 1.491, p = 0.150), hop (t = 0.220, p = 0.828),
leap (t = -1.113, p = 0.278), and horizontal jump (t = 0.592,
p = 0.560). Similarly, the total locomotor skill score showed
no significant difference between boys and girl participants
(t=0.362, p = 0.721) (see Table 5).

However, the slide subtest showed a significant
difference (t = -2.203, p = 0.038), with girls participants
(M+SD = 5.83+0.94) scoring higher than boy participants
(M+SD = 4.75+1.42). It suggests that, while overall

locomotor abilities were relatively balanced between the two
groups, there were differences in specific skills, such as slide
movement.

These findings highlight the potential for more focused
interventions to improve skills that show significant
differences between the groups.

Further testing results showed no significant differences
in any object-control subtests between boy and girl
participants. The details are as follows: Striking a stationary
ball (t = 0.570, p = 0.575), stationary dribble (t = 0.528,
p = 0.603), catch (t = 0.000, p = 1.000), kick (t = 0.309,
p = 0.760), overhead throw (t = -1.232, p = 0.231), and
underhand roll (t = 0.205, p = 0.840). The total object control
score also showed no significant difference between the boys
and girls groups (t = -0.094, p = 0.926) (see Table 6).

These results indicate that object-control abilities were
relatively equal between men and women in this sample.
It confirms that, despite individual variation, there is no
overall trend of gender differences in object control skills.

Mann-Whitney U test (differences
between boys and girls GMQ)

The Shapiro-Wilk normality test indicated that the
GMQ data in the boys group were not normally distributed
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Table 7. Tests of normality

Kolmogorov-Smirnova

Shapiro-Wilk

Variable
Statistic df Sig. Statistic df Sig.
Gross Motor Quotient (boys) 0.314 12 0.002 0.829 12 0.020
Gross Motor Quotient (girls) 0.234 12 0.070 0.926 12 0.341

*. This is a lower bound of the true significance
a. Lilliefors Significance Correction.

Table 8. Differences in Gross Motor Quotient of participant groups

Descriptive statistics and mean rank

Variable Group N Mean rank Sum of ranks

Gross Motor Quotient Boys 2 854 10250
Girls 12 16.46 197.50
Mann-Whitney U Test

Variable U Z p-value (2-tailed) Description

Gross Motor Quotient 24.500 -2.814 0.005 Significant
Effect size

Variable Z N Effect size Category

Gross Motor Quotient -2.814 24 0.57 Medium

(p = 0.020 < 0.05). In contrast, those in the girls group
were normally distributed (p = 0.341 > 0.05). Therefore,
a comparative analysis was performed using the non-
parametric Mann-Whitney U test.

The Mann-Whitney U test results showed a significant
difference in GMQ between boy and girl groups (U = 24.500;
Z = -2.814; p = 0.005). Based on the mean rank value, the
girls group (16.46) had a higher score than the boys group
(8.54). It indicates that gross motor skills in the girls group
were better than those in the boys group. The effect size
value of 0.57 indicates that the difference is in the moderate
category (see Table 8).

Discussion

Overview of the main objectives

The main findings indicate that the majority of students,
both boy and girl, have low gross motor skills. Boy students
predominantly fell into the very poor category on the GMQ,
with subtest scores ranging from 3 to 5, indicating significant
delays (see Table 2). Meanwhile, girl students also fell into
the low category, although some reached the poor and
below-average categories (see Table 3). The results showed
that students’ gross motor skills were below standard, with
an average GMQ score of (M+SD = 66.63+5.69). Referring
to the GMQ as a normative transformation based on age
and gender (Ulrich, 2000), this score indicates the child’s
relatively low position relative to their peer group.

Regarding these quantitative findings, further analysis
revealed no significant differences between boys and girls
on the locomotor or object-control subtests (see Tables 5 and
Table 6). However, there were differences in GMQ scores,
with girl students performing slightly better, with a medium
effect size according to the Mann-Whitney U test (see Table
8). Overall, these findings confirm that elementary school
students’ gross motor skills remain at a level that requires

serious attention. Based on these data, it is important to
understand how the FMS’s structure explains patterns of
student performance.

Fundamentals motor skills structure

The development of Fundamental Motor Skills (FMS)
tends to slow after age 7. Although some skills, such as
catching a ball, improve around age 10, performance in
other skills—such as jumping and throwing—remains
inconsistent. In fact, most skills remain at a low level until
that age, with only a small number of children achieving
mastery. The declining trend in FMS skills from 2000 to 2019
in children aged 6-10 further confirms that low gross motor
skills are a global issue, not just a local phenomenon (Chen
et al., 2024; Nobre et al., 2018; Valentini et al., 2016).

Given the FMS structure, which consists of two main
components: locomotor and object control, the lack of
significant differences in each subtest can be explained by
the uniform quality of children’s motor experiences. Various
studies show that the majority of children, both boys and
girls, have insufficient levels of FMS, both in school sports
programs (72-77%) and traditional physical education (90-
92%) (Makaruk et al., 2025). The training experience remains
limited and unstructured, resulting in relatively uneven
development of basic skills across both main components.
As a result, differences in performance between genders at
the subtest level are small and not statistically significant.
Low physical literacy and a lack of interest in game-based
physical education learning also exacerbate this condition, as
suboptimal movement experiences hinder the development
of overall motor skills (Friskawati & Stephani, 2021; Nugraha
etal., 2022).

However, when these two components were integrated
intoa GMQ composite score, significant differences emerged.
It confirms the hierarchical and composite structure of
the FMS, in which the accumulation of small differences
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across multiple aspects, such as coordination, balance, and
motor control, can lead to more significant differences at the
global level. In this study, girls demonstrated an advantage
on the GMQ. Developmentally, girls tend to reach motor
maturity earlier, including in coordination and consistency
of performance, resulting in more stable performance on
structured motor tasks (Toole & Kretzschmar, 1993). Other
findings also support a girl advantage in manual dexterity
and balance (Navarro-Patén et al., 2021; Smits-Engelsman et
al., 2023), although some studies have shown a boy advantage
in specific aspects of gross motor skills (Pahlevanian &
Ahmadizadeh, 2014).

Behavioral factors such as conscientiousness, adherence
to instructions, and better emotional regulation also
contribute to the consistent performance of girls (Chaplin
& Aldao, 2013). Furthermore, more frequent involvement in
fine motor activities also supports improved motor control
(Arifiyanti, 2020). Despite reports of boy superiority in
manipulative skills (Razali et al., 2025), the accumulation of
these factors still results in higher GMQ scores in girls.

Furthermore, environmental and lifestyle factors
contribute to low performance on the two main components
of the EMS. Children today tend to spend time in sedentary
activities, such as more than four hours of screen time
for education and one to two hours for recreation, often
accompanied by snacking (Rockaetal.,2022; Vanderlooetal.,
2022). It negatively impacts physical fitness, muscle strength,
coordination, and balance by reducing opportunities for
active play. Furthermore, limited sports facilities, safe play
spaces, and green open spaces, especially in urban areas,
limit children’s opportunities to develop locomotor and
object control skills optimally (Arufe-Giraldez et al., 2024;
Bates et al., 2026).

The combination of a sedentary lifestyle and
environmental constraints results in relatively uniformly
low gross motor skills across both main components, so that
differences at the subtest level are not significant. However,
through integration into the GMQ as a more sensitive
composite indicator, small variations between individuals
can still accumulate and produce clearer differences at the
overall level. Overall, these findings suggest that children’s
motor skills cannot be understood in parts but must be
analyzed as a composite system within the FMS structure.

Decision role

To prevent misinterpretation, this study formulated a
step-by-step decision rule. First, if locomotor and object
control subtest scores do not show significant differences
between boys and girls, the analysis should not stop at the
subtest level. Second, researchers must proceed to evaluate
the composite score, the GMQ, which is considered more
representative of Ulrich (2000) version of the TGMD-2.
Finally, this GMQ-based decision is crucial because the GMQ
combines subtest scores via a normative transformation that
accounts for age and gender.

The GMQ’s characteristics allow for a more critical
assessment of motor skills than raw subtest scores alone. The
same raw score can have different standard scores depending
on age and gender. For example, a raw locomotor subtest
score of 34 can be converted to a standard score of 5 for
children aged 9-0 to 10-11, 6 for ages 8-0 to 8-11, and 7 for

ages 7-0 to 7-5. As children get older, their standard scores
may increase or decrease for the same raw score, indicating
that raw scores alone are not sufficient to assess ability
relative to peers.

Conversion of object control scores also reveals gender-
based differences. For example, a raw score of 34 for girls
aged 10-11 to 10-11 translates to a standard score of 6, while
a boy with the same score only gets a 4. Another example
is a raw score of 36 for girls, a standard score of 7, while
a boy gets a raw score of 6. Thus, similar subtest scores
do not necessarily reflect similar abilities. The GMQ can
reveal latent differences more accurately, thus providing a
more critical and relevant basis for evaluating the design of
pedagogical interventions.

Pedagogical projection model

Designing pedagogical interventions to improve FMS
must be comprehensive and consider specific deficiencies
identified through evaluations, ensuring they are not merely
general but also target the most lagging skill areas. Research
shows that subtests such as hop, leap, and some aspects of
object control remain low, indicating the need for more
focused training. This approach requires applying critical
motor learning principles, including directed practice with
systematic repetition and consistent, reflective feedback,
enabling students to recognize errors and progressively
improve movement technique (Leech et al., 2022; Seckel,
2026). Furthermore, teachers and coaches must be able to
adjust the intensity, complexity, and variety of exercises to
the student’s individual abilities, ensuring the intervention
is adaptive and inclusive. This strategy allows each child to
develop comprehensive locomotor and object control skills
while fostering sustained self-efficacy and motor awareness,
rather than simply achieving short-term scores.

Furthermore, an effective pedagogical model must be
designed with a clear structure and be adaptable to each
student’s individual needs. A differentiated instructional
approach is crucial, as it allows teachers to identify each
child’s areas of weakness and tailor training to each child’s
needs, including duration, difficulty level, and teaching
methods (Blegur & Hardiansyah, 2024; Fullerton, 2023;
Razali et al., 2024). The application of innovative learning
models, such as Teaching Game for Understanding (TGfU)
(Gustian et al., 2024), Sport Education Model (SEM) (Tang
et al., 2026), Project-based Learning (PjBL) (Simonton et
al,, 2021), small game competitions (Fizi et al., 2023; Hartati
et al., 2022), and other models that offer a fun, contextual
approach, thus encouraging student motivation and active
participation in the structured motor learning process. By
combining targeted practice, adaptive teaching strategies,
and meaningful play experiences, the intervention not only
targets improvements in locomotor and object-control
skills but also strengthens the overall GMQ. This approach
emphasizes the development of continuous motor skills,
strategic thinking in movement, and active child engagement,
ensuring a greater learning impact and avoiding a focus on
short-term score achievement.

Practical constraints, such as limited learning time,
facilities, equipment, and teachers’ opportunities for
ongoing competency development, pose significant barriers
to the implementation of motor interventions in schools.
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Previous research confirms that these limitations directly
impact the effectiveness of systematic and targeted motor
practice, preventing students from receiving consistent and
optimal practice (Blegur, 2025; Hannah et al., 2025; Nielsen-
Rodriguez et al., 2021; Oktarifaldi et al., 2024). To address
this issue, school-based pedagogical interventions should
use games, structured practice modules, and professional
development programs to help teachers implement learning
strategies adaptively and sustainably. This approach not
only ensures the comprehensive development of FMS,
both locomotor and object control, but also helps reduce
the ability gap between students. Furthermore, planned
and systematic motor learning experiences build a strong
motor foundation, encourage active physical participation,
and facilitate long-term skill acquisition, rather than simply
achieving short-term scores.

Research limitations

This study has several limitations that should be
considered when interpreting the results. First, the relatively
small sample size of only 24 children limits statistical power
and the ability to detect more subtle differences between
groups. The limited sample size also increases the possibility
that individual variability influences the results, so the
findings may not fully reflect the broader population. Second,
the study’s local context, focusing only on elementary school
students in one city, may limit the relevance of its findings
to the geographic, cultural, and educational conditions
in other regions. Environmental factors, curricula, and
children’s physical activity habits in other regions may differ,
so the results cannot be directly generalized to the entire
population of elementary school children in Indonesia.
Third, the generalizability of this study is limited by its focus
on a specific FMS subtest, so broader measures of motor
skills or related variables such as motivation, health, and
family support are not comprehensively covered. These
limitations emphasize the need for further research with
larger samples and more representative contexts.

Prospects for further research

This research opens the door to further studies that
empirically test the effectiveness of motor interventions
through experimental and longitudinal designs, for
example, by evaluating changes in the GMQ following the
implementation of a structured school- or community-
based exercise program. Previous evidence suggests that
motor interventions can improve basic skills in children with
developmental delays, while functional training is effective
in locomotor and balance (Goodway & Branta, 2003; Zhang
et al.,, 2024). Furthermore, recreational physical activity
programs have been shown to improve fitness and reduce
body fat percentage (de Oliveira et al., 2022). Future research
should explore the link between motor development and
academic, cognitive, and psychosocial aspects, given the
influence of sedentary lifestyles and obesity on low motor
skills (Bremer & Cairney, 2018). Socioeconomic and
environmental factors, including regional variations and
the effectiveness of school programs, are also important
to analyze (Makaruk et al., 2025). The development of an
evidence-based curriculum that is adaptive, differentiated,

and emphasizes physical literacy is a top priority to support
children’s motor development and holistic well-being
(Barnett et al., 2016; Bates et al., 2026; Khudolii et al., 2025;
Piotrowski et al., 2025; Razali et al., 2025).

Conclusions

This study revealed that locomotor and object control
abilities, as measured by the GMQ of fourth-grade elementary
school students in Bandung, were below standard (M+SD =
66.63+5.69), indicating significant and potentially systemic
motor delays. These findings align with international studies
and indicate weaknesses in physical education practices, low-
quality learning, and limited exposure to meaningful physical
activity. Based on these results, interventions need to be defined
in line with the research findings, namely structured, evidence-
based, and focused on the sustainable development of FMS.
Practical implications include curriculum reformulation,
teacher competency enhancement, and the implementation
of inclusive school- and community-based physical activity
programs. Future research should also explore determinants,
including socioeconomic and environmental conditions, as
well as the relationship between motor delays and academic,
cognitive, and psychosocial development. Overall, these
findings emphasize the need for a transformation of physical
education that is adaptive, integrative, and oriented toward
strengthening children’s FMS.
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Crartesi BigMmiHHOCTI KoedilieHTa 3arafibHOI MOTOPUKM cepea
YUHiB: flaHi OLliHIOBAaHHA 32 TeCTOM PO3BUTKY BE/INKOI MOTOPUKM

Hian Bypiana'A®PE, Axmap Cakyp ®axpi'*®PE, FOcyd breryp*A<P

"YuiBepcuter neparoriuHoi ocBityu IHpoHesii
*XpuctustHcbKuii yHiBepcuteT Aprxa Bayana

ABTOpPCHKMIT BRI A — au3aitH gocnipkenus; B — 36ip ganux; C — cratananis; D — migroroska pykorcy; E — 36ip kowrtis

Pedepar. Crarrsa: 10 c., 8 Tabn., 43 mxepena.

Merta gocnimxenns. le foCifpkeHHs CIIpsAMOBaHe Ha OLIHIOBAHHS Ta MOPiBHAHHS (QYHIAMEHTATbHNUX PYXOBUX HABIUYOK Y
Y4HIiB OYaTKOBOI LIKO/IN 3a OKa3HMKaMM KoediljieHTa 3araIbHOI MOTOPUKY 3 YPaXyBaHHAM CTaTi.

Marepianu Ta MeTogu. Y JOCTiIKEHH] B3AIM y4acTb 24 Y4Hi 4eTBepTOro Kaacy nodatkosoi mkonu (12 xmomnmis, 12 giByaT;
M=+SD =10,21+0,41) a5 oLjiHIOBaHHs Ipy6MX MOTOPHUX HABMYOK 3a JOIIOMOTOI0 TECTY PO3BUTKY Be/nkol Motopuku. Cybrectn
JIOKOMOTOPHNUX HaBIYOK i KOHTPOJII0 06 €KTA OL[iHIOBA/IICS Y ABOX CIPO6ax i3 BUKOPUCTAHHIM GiHAPHUX KPUTEPIiB, Mic/Is 40ro
pesynbrary 6y mepeTBOpeHi y cTaHfapTHi 6anu Ta 3HaYeHHs KoedillieHTa 3arabHOI MOTOPUKY. AHasIi3 BK/IIOYaB OIMCOBY CTa-
THUCTUKY, TeCTV Ha HOPMa/IbHICTb PO3IOAILTY, He3a/lexHi t-TecTu abo TecTn MaHHa-BiTHI, a TaKOXX pPO3paXyHOK BeNMINHY e(DeKTy
I/1S1 IOPiBHAHHA MOTOPHMX HABMYOK MiXX CTaTsAMMU.

PesynpraTn. AHanis koediljieHTa 3araJlbHOI MOTOPUKY ITOKa3aB, IO OiMBIICTh YYHIB Manu HU3BKUI piBeHb IPyOUX MOTO-
PHUX HaBMYOK. [pyma X/I0mIiB Halexkaa Ko KaTeropii «y>ke HU3bKuit» (58-67 6asiB) sk 3a TOKOMOTOPHMMM HaBUYKAMU, TaK i
3a KOHTPOJIeM 00’ €KTa, 1[0 CBIJYUTD PO HU3bKY OFHOPIAHICTD MK cybTectamu. Ipyma miByat npopeMoHCTpyBaa OibIy Bapi-
atuBHicTDb (61-82 6am), ofHaK OIIBIIICTD TAKOXX HaJIEXaa 0 KaTeropii «Iy>K€ HU3bKIID» a60 «Hu3bKMIt». HesanexHi t-rectn
17151 CyOTeCTiB TOKOMOTOPHIUX HABMYOK 1 KOHTPOJII0 00’ €KTa He BUABIIN CTATUCTUYHO SHAYYIUX BifMIHHOCTeI MDK CTaTAMH, 32
BUHATKOM CYOTeCTy KOB3HOTO KPOKY, Y SIKOMY jiBuara Imokasany kpaui pesynsraru (p = 0,038). Tect Manua-BitHi myist koedirii-
€HTa 3araJibHOi MOTOPUKM IiITBEPAUB CTATUCTUYHO 3HAYYLIy PISHMII0 MDK ITPYIIaMI, IPUYOMY JiiBYaTa IepEeBUIIYBa/Il X/IOMLIB
3a mokasHukamu (p = 0,005; Bemrunua edexry = 0,57). OTpumMaHni pesyabTaTy MiATBEPAKYIOTh HU3DKUIL PiBEHb IPYOUX MOTO-
PHUX HaBUYOK Cepef y4IHIB Ta HiAKPeCTo0Th HeOOXiIHICTb CTPYKTYPOBaHMX IIPOIPaM MOTOPHOTO HaBYaHHS /I HOKpAllleHHs
JIOKOMOTOPHNUX HAaBIYOK i KOHTPOIIO 06 €KTa.

BucnoBku. IToganpiii mocmigKeHHsA ITOBUMHHIL 6yTI/I CIPsIMOBAHi Ha BMBYEHH:A irpOBUX aflalITUBHMX MOJE/Ell HaBYaHHA,
OIITMMAJIbHOTO I03YBaHH:A (i3NYHNUX BIPAB Ta iHTerpallii CCHCOMOTOPHNUX i MOTUBALIIITHMX MifIXOAIiB H/IA MOKpaleHHA Koedirri-
€HTA 3ara/IbHOI MOTOPUKI YYHIB II09aTKOBOI IIKOJIN.

KirouoBi coBa: TOKOMOTOPHI HaBIYKH, KOHTPOJIb 00’ €KTa, Koe(illi€HT 3araIbHOI MOTOPUKY, PyHIAMEHTa/IbHI PyXOBi Ha-
BUUKY, fudepeHtiiitoBane ¢isnuHe BUXOBAHH.
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Abstract

Objectives. The purpose of this study was to establish the reliability and validity of the “Timed Up and Go” (TUG)
test for students with disabilities who have undergone lower limb amputation using an intelligent software-controlled
hardware complex in inclusive physical education.

Materials and Methods. The study was conducted at the theoretical and empirical levels. The following methods
were used: analysis, synthesis, systematization, generalization, measurement, and mathematical statistics.
Measurements were performed using the TUG test. The study sample included first-year male students with a left
lower limb amputation (n = 23), provided there were no acute conditions, open wounds, or complications.

Results. The results of the study are presented in the developed intelligent software-controlled hardware system for
implementing the TUG test. The structural composition of the system includes Bluetooth-enabled wireless sensors
placed on the student and along the entire TUG trajectory. The signals received by the Xsens DOT sensors are
transmitted to the latest Arduino Uno R3 microcontroller. Information display and control are provided through the
use of a Liquid Crystal Display. A distinctive feature of the complex is the use of IoT technologies for analytics and
forecasting in inclusive physical education. Automated acquisition of TUG results enables the recording of numerous
gait parameters in students with disabilities and lower limb amputation, such as the amplitude of central oscillations,
reaction time, and step length, which cannot be recorded when TUG results are measured using a stopwatch.

Digital data processing transforms the reliability and validity of the TUG test from "average" when measured with a
stopwatch to "high", ensuring accurate recording of numerous parameters down to the microsecond level.
Conclusions. The novelty of the developed intelligent programmable tool for implementing the "Get Up and Go" test
ensures effective control in inclusive physical education and eliminates the influence of the human factor on test results.
Keywords: student, physical education, TUG test, control, reliability, validity.

Introduction result of rocket attacks and military operations, the number
of students with disabilities in Ukrainian universities has
increased significantly, creating new challenges for the
education system (Klos, Blavt, & Kovalchuk, 2024).
According to statistics (Life In War, 2024), 65-70% of
injuries in the russia-Ukraine war involve the limbs. Limb
loss due to combat injuries among military personnel and

(@ PETM civilians ranks among the leading causes of amputations
i LLCOVS

518

Inclusive education has become particularly relevant in
Ukraine since the start of the full-scale russian invasion. As a
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(Van Dongen et al., 2017). Over 17 months of full-scale
war, approximately 50,000 Ukrainians have lost arms or legs
(Radiosvoboda, 2024). Worldwide, amputation is one of the
most common causes of disability: 30 million people globally
live with the loss of a lower limb (Sahan & Erbahgeci, 2023).

The enormous number of wounds, injuries, and
amputations sustained by students as a result of russian
aggression necessitates the provision of conditions in
higher education institutions for their full rehabilitation.
Physical education, which fulfills this function, has taken on
exceptional significance today, during the war in Ukraine.

Analysis of recent research and publications.

Studies have shown (Bastas et al., 2018; Eshraghi et
al., 2018; Wong et al., 2020) that leg amputation leads to
persistent functional impairments and significantly affects
mobility (Premnath etal., 2021; Gaunaurd et al., 2020; Batten
et al,, 2019). It has been determined that a consequence of
amputations is that the body shifts its center of mass during
any activity (Eshraghi et al., 2018; Kark et al., 2012). This
disrupts functional stabilization and dynamic stability
(Bastas et al., 2018), which are important factors for safe
mobility (Kendell et al., 2010). Consequently, movement
patterns change (Vrieling et al., 2007; Premnath et al,,
2021). It is argued (Kendell et al., 2010; Schmid et al., 2005;
Chihuri, Youdan, & Wong, 2021) that this is particularly
important for people with lower limb amputations, as they
fall significantly more often (Vu et al,, 2019; Dite, Connor,
& Curtis, 2007). Therefore, gait restoration is recognized
(Premnath et al., 2021; Gaunaurd et al., 2020; Batten et al.,
2019) as the primary goal of post-amputation rehabilitation.

In higher education institutions, inclusive physical
education is designed to support the rehabilitation process
for students with disabilities (Karamani et al., 2024; Navas-
Bonilla et al., 2025; Iedynak et al., 2025). Research focuses on
the issue of the quality of inclusive PE (Penney et al., 2018;
Kuntjoro et al., 2024; Marin-Suelves & Mas, 2021).

A position has become established in the scientific
discourse according to which judgments about the
effectiveness of physical education for students with
disabilities are formed based on the results of test-based
assessment (Blavt et al., 2024a; Maher, van Rossum, &
Morley, 2023; Fuentes-Nieto, Lopez Pastor, & Palacios-
Picos, 2022). The factors contributing to the effectiveness
of assessment in physical education are recognized as
the objectivity of evaluation, the timeliness of results, the
specificity of the assessment, and the suitability of tests for
a specific population (Marin-Suelves & Mas, 2021; Moura et
al,, 2021; Tedynak et al.,, 2025; Blavt et al., 2024b).

It has been demonstrated (Archer, & Ellis, 2024; Fuentes-
Nieto, Lopez Pastor, & Palacios-Picos,2022) that the challenge
of ensuring the effectiveness of assessment in inclusive
physical education cannot be resolved today without the use
of modern innovative technologies. Such technologies allow
for the transformation of subjective assessment into a precise
process of quality control management in physical education
(Miiller & Wagner, 2025; Kuntjoro et al., 2024).

Based on data from the scientific literature, it has been
established that the problem of monitoring the body’s
dynamic stability and the dynamics of its normalization
under the influence of inclusive physical education for
students with disabilities involving amputation remains
entirely unresolved. In general, researchers note (Eshraghi et

al., 2018; Lythgo, Marmaras, & Connor, 2010; Maikos et al.,
2024) the limited progress in improving the rehabilitation
process for individuals with disabilities involving amputation
across various populations, aimed at enhancing gait and
balance.

The need to ensure the effectiveness of the rehabilitation
process based on the results of gait parameter testing during
inclusive physical education for students with disabilities
involving lower limb amputation prompted us to conduct
this experimental study.

The purpose of the study was to establish the level of
reliability and validity of the Timed Up and Go (TUG) test for
students with disabilities involving lower limb amputation
using an intelligent software-controlled hardware complex
in the process of inclusive physical education.

Materials and methods

Research methods

The experimental study was conducted at both the
theoretical and empirical levels. The theoretical level
established the foundation for justifying the concept of
scientific research.

Based on the results of the analysis and synthesis
of existing experience, the logic for further research was
developed, and key components were identified. Through
abstraction, secondary factors were eliminated to focus
on gait biomechanics. Through concretization, general
principles of inclusion were applied to the specific conditions
of higher education. Through induction, a transition was
made from individual facts to general conclusions regarding
the effectiveness of testing using a specific methodology.
Deduction was used to apply general laws of pedagogy
to a specific case — physical education for students with
disabilities involving lower limb amputation.

At the empirical level, technical modeling was used to
create an intelligent software-controlled hardware system.
A natural pedagogical experiment was organized to test the
hypothesis regarding the improvement of gait parameter
monitoring. Testing was conducted using the TUG test.
The TUG test is a reliable, cost-effective, safe, and time-
efficient way to evaluate overall functional mobility with
high correlation with other proven tests that measure pure
balance and gait performance (Shirley Ryan Abilitylab).

The test procedure. The TUG test requires the student
to rise from a standard armchair, walk to a marker 3 meters
away, turn, walk back, and sit down again (Fig. 1). It is a
simple, quick assessment that measures functional mobility,
dynamic balance, and fall risk.

° © 9
i O,

Fig. 1. Scheme of the TUG test (NeuroToolKit)
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Study participants

The study sample consisted of male first-year students
(23) with disabilities who had a left-sided transtibial
amputation of the left lower limb. The sample was composed
of individuals who had no clinical contraindications, such
as acute conditions or inflammatory processes of the stump.
Informed consent was obtained from the study participants.

The selection of participants with a left-sided limb
deficiency was driven by the need to ensure homogeneity in
the study sample. The selection criterion was the ability to
walk independently with crutches and perform basic daily
activities without external support.

Since the knee joint in the students of the study sample
is intact, which significantly facilitates prosthesis control and
ensures a higher level of mobility, the participants’ functional
status was characterized by the ability to perform self-care
and move confidently using assistive devices (crutches).

Given that sample size affects conclusions in identifying
study effects, recommendations were taken into account
(Kemal, 2020). The results should be interpreted with
consideration of the limited sample size, which is typical
for the pilot phases of implementing innovative monitoring
systems (Baumgartner et al., 2015).

The experiment is conducted with the anonymous
written consent of the students. Students who agreed to
participate in the study were given the right to withdraw
from it at any time during its conduct.

The study was planned and carried out following the
principles of bioethics set forth by the World Medical
Association (WMA-2013) in the Helsinki Declaration
«Ethical Principles of Medical Research Involving Humans»
and UNESCO in the «General Declaration on Bioethics and
Human Rights».

The sample size corresponds to a pilot-stage study
focused on testing the applicability of the proposed
monitoring approach.

Research organization

Thestudyinvolvedacomparisonofmethodsforrecording
TUG results for students with lower limb amputations. The
experimental work was based on a comparative analysis
of two approaches to recording TUG results for students
with lower limb amputations. A comparison was conducted
between recording TUG results using a stopwatch and using
a smart software-controlled hardware system.

A stopwatch was used to record the time taken to
complete the TUG test. An intelligent software-controlled
hardware system was used to record center oscillation
amplitude, reaction time and stride length.

The students in the study sample were given detailed
instructions on how to perform the test. The study was
conducted in two sessions, during which the students
completed two trials each.

Statistical analysis

Statistical information was obtained from the results
of descriptive statistics. The reliability and validity of the
methods were assessed using correlation analysis with
correlation coefficient (rtt) (Mishra et al., 2019).

Mathematical statistics methods were used to process,
analyze, and interpret the experimental data using SPSS
Version 22.0 (IBM Corporation).

Results

We present the results of our research in the form of a
custom-designed, software-controlled hardware system for
implementing the TUG. The primary objective in developing
the system was to record various gait parameters of students
with lower-limb amputations and analyze them in real time.

The system’s structural composition includes Bluetooth-
enabled wireless sensors, which are placed on the student
and along the entire TUG trajectory. The main computing
module is a microcontroller that processes sensor data and
performs real-time configuration. We display monitoring
information using an LCD (Liquid Crystal Display), which
serves as the main interface.

A schematic diagram of the connection of all elements
of the intelligent software-controlled hardware complex has
been developed, ensuring their proper interaction (Fig. 2).
The system utilizes Bluetooth-enabled wireless sensors; the
Xsens DOT (Mykytyuk et al., 2025) was selected, which
consists of sensor modules that can be attached to the
student’s body segments to collect 3D data during the TUG
test. Xsens DOT sensors provide detailed information about
movement, including orientation, acceleration, angular
velocity, step frequency, and more, enabling comprehensive
and accurate motion analysis through real-time data
streaming.

Xsens DOT implements an algorithm for fusing the
student’s motion sensors during the TUG test. Xsens DOT
is resistant to magnetic field interference and equipped
with the latest signal processing technology, easily enabling
integration with mobile devices and compatibility with
various software platforms.

The Arduino Uno microcontroller, the latest R3 model,
was selected as the main computing module for the intelligent
software-controlled hardware system to implement the TUG.
The Arduino Uno has sufficient technical specifications to
implement control algorithms and process data from sensors,
as well as a simple programming structure and an easy-to-
use USB interface for uploading. Communication between
complex elements is provided by infrared communication
lines.

The software for the intelligent software-controlled
hardware complex for implementing TUG was developed
using the Arduino IDE. A key feature of the complex is the
use of IoT technologies. Consequently, connectivity to cloud
platforms has been implemented, opening new possibilities
for analytics, forecasting programs for inclusive physical
education for students with disabilities, and optimizing
energy consumption. It provides instant biofeedback,
which is critical in rehabilitation for correcting a student’s
movements in real time. Thanks to the high measurement
resolution (0.001 s), the student can feel the difference even
in slight changes in walking pace.

Thus, the automated collection of TUG results provides
numerous gait parameters for students with lower-limb
amputations, such as center oscillation amplitude, reaction
time and stride length, which cannot be recorded when
TUG results are manually recorded by a teacher.
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Fig. 2. Scheme of TUG test implementation using a: 1 - student,
2 - sensor modules, 3 - TUG test trajectory, 4 — Xsens DOT
sensors, 5 — infrared communication lines, 6 - Arduino Uno

microcontroller; 7 - PC

In the second stage of the empirical study the TUG was
establish of the level of reliability and validity. The results are
presented in Table 1-2.

According to the numerical data obtained from the
intellectual software-controlled hardware complex, the
TUG reliability (0,838-0,903) and validity (0,558-0.605)
level is high. The detection of TUG performance results
is carried out at the speed of the microprocessor, which
ensures measurement accuracy down to the microsecond.
The digitization of the process effectively «cleans» the data,
ensuring the reliability of the test results.

In contrast, the use of a stopwatch reduces the test’s
validity and reliability to average values and levels deemed

«acceptable for use». This is entirely expected, as the
instructor’s reaction is not constant and varies depending on
fatigue, attention, and anticipation of the moment, leading
to random errors in recording TUG results.

In addition, in manual mode, it is not possible to record
and analyze numerous gait parameters (center oscillation
amplitude, reaction time, stride length), that provide
information about the progress of rehabilitation for students
with disabilities involving lower limb amputation.

Discussion

Our study is based on the premise that the use of
innovative technologies in physical education monitoring
eliminates the influence of the human factor, ensuring high-
quality monitoring and ease of use (Tohanean et al., 2025;
Miiller & Wagner, 2025; Blavt et al., 2024a). Consequently,
the data (Navas-Bonilla et al., 2025; Karamani et al., 2024;
Fuentes-Nieto, Lopez Pastor, & Palacios-Picos, 2022) have
been expanded, showing that improving the quality of
monitoring holds significant potential for enhancing the
quality of inclusive physical education.

The body of evidence has expanded (Hafner & Sanders,
2014; Clemens et al., 2020; Rietman, Postema, & Geertzen,
2002), indicating that the collection and use of objective
data form the basis for objectively adjusting rehabilitation
interventions following lower limb loss. At the same time,
identifying mechanisms for correcting gait asymmetry

Table 1. The reliability and validity level of the TUG test for students with disabilities involving lower limb amputation
using intellectual software-controlled hardware complex (n - 23)

Control parameter X +m) As Me A% (X +m) As Me A%

Total test time (s) 16.5 +2.04 0.36 16.1 224 16.1 +1.96 0.38 159 22.1
Center Straight-line gait 272.6 +12.7 2.99 270.8 245  2658+13.6 1.99 265.6 23.7
oscillation Turning 180° 670.4 +22.3 8.91 670.8 253 645.7 +15.2 541 646.1 25.3
amplitude (ms)

Sit-to-Stand 420.1 +26.7 5.72 4195 246  401.6+213 3.82  400.8 24.5

Stand-to-Sit 511.3+21.2 9.1 509.5 22.5 515.7 +23.6 429 516.1 23.7
Step time (left, s) 0.45 + 0.09 0.19 0.431 20.1 043+0.11 018 0415 223
Reaction time (ms) 730.4 +33.5 9.32 7342 254 7237 £292 729 7251 24.5
Steps (number) 182 +2.3 0.72 185. 236 18.7 +2.9 039 175 215
Stride length (sm) 32.1+2.01 0.88 325 25.1 31.5+2.32 091 319 22.3
Velocity (m/s) 0.375+0.034  0.17 0.373 214 0.372+0.066 0.13 0370  22.7
Reliability (rtt) 0, 838 0,902
Validity (rtt) 0,558 0,612

Table 2. The reliability and validity level of the TUG test for students with disabilities involving lower limb amputation

using a stopwatch (n - 23)

Control parameter X+m) As Me \'% X+tm) As Me A%
Total test time (s) 17.4 £ 3.05 0.41 17.7 28.2 17.2 £2.88 0.44 17.4 27.9
Steps (number) 19.3 £2.6 0.62 19.1 30.1 19.1 £2.6 0.41 19.3 29.1
Stride length (sm) 31.1+1.74 0.71 31.3 28.5 32.9+2.55 0.68 32.7 31.1
Velocity (m/s) 0.341 £ 0.071 0.41 0.343 29.2 0.361 £0.083 0.43 0.365 28.5
Reliability (rtt) 0,512 0,610
Validity (rtt) 0,199 0,204
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following lower limb amputation can serve as a guide for
understanding optimal strategies for the rehabilitation
process (Maikos et al., 2024).

We were guided by the information (Kendell et al.,
2010; Salih, Peel & Burgess 2016; Griffiths, Diment, Granat,
2021) that current assessment methods do not allow for
characterizing the dynamic stability of individuals with
lower limb amputations during walking. At the same time, as
noted (Schmid et al., 2005; Rietman, Postema, & Geertzen,
2002; Bastas et al., 2018), one of the goals of gait rehabilitation
after amputation is to restore step symmetry and variability
(Sinitski et al., 2021; Vrieling et al., 2009) and gait stability
on various surfaces (Premnath et al., 2021; Kark et al., 2012),
including descents and ascents (Sturk et al., 2019; Vrieling
et al., 2009; Lythgo, Marmaras, & Connor, 2010), walking
speed (Gaunaurd et al., 2020; Batten et al., 2019), and step
count (Chihuri, Youdan, & Wong, 2021).

Our study expands on the findings that artificial
intelligence systems (Lex et al., 2023; Grifliths, Diment,
Granat, 2021; Mahoney & Rhudy, 2019), electronic
technologies (Jarchi et al., 2018; Chen et al., 2016; Kim et
al., 2020), virtual reality (Sahan & Erbahgeci, 2023; Hao et
al,, 2023), and augmented reality (Vinolo Gil et al., 2021) are
transforming the monitoring process in the implementation
of rehabilitation for amputation, offering unprecedented
accuracy in assessment.

Research (Grace Gaerlan et al., 2012) has shown that
the TUG is reliable and valid for the quantitative assessment
of functional mobility and for tracking clinical changes
in walking ability. To date, the TUG has been validated
for elderly individuals (Podsiadlo & Richardson, 1991;
Alexandre et al., 2012; Herman, Giladi, & Hausdorff, 2011),
in older adults with impaired mobility (Botolfsen et al.,
2006), in patients with total hip arthroplasty (Yuksel et al.,
2021; Ozden, Coskun, & Bakirhan, 2020); in frail and non-
frail patients with prostate cancer (Feyzioglu et al., 2025);
in patients with knee osteoarthritis (Nalbant, Unver, &
Karatosun, 2022); for children with Down syndrome (Martin
et al., 2017; Nicolini-Panisson, & Donadio, 2014); in knee
osteoarthritis (Gacto-Sanchez et al., 2023); in people with
Parkinson’s disease (Huang et al., 2011; Vance et al., 2015);
in children (Verbecque et al., 2019); in children with cerebral
palsy (Besios et al., 2018); in multiple sclerosis patients
(Kalron, Dolev, & Givon, 2017; Hershkovitz et al., 2019); in
older adults living with dementia (Chan et al., 2024).

To date, the TUG has been used for elderly patients
with a lower limb amputation (Schoppen et al., 1999; Dite,
Connor, & Curtis, 2007). The level of validation of individual
tests for individuals with disabilities who have lower limb
amputations has been determined: the Berg Balance Scale
(Major, Fatone, & Roth, 2013), the Houghton Scale (Wong,
Gibbs, & Chen, 2016), and the 2-Minute Walk Test (Wong
et al., 2020).

However, no studies have assessed walking skills in a
population of students with lower limb amputations. In our
study, we were guided by the finding (Chen et al., 2016) that
«gait analysis using wearable sensors must be evaluated in
the target patient population to prove its clinical value, since
algorithms developed from control subject data may not be
generalizable to pathological gait».

For the first time, it has been substantiated and
experimentally confirmed that the use of an intelligent

software-controlled hardware system to record TUG results
in students with lower limb amputations significantly
enhances its validation.

The obtained detailed gait parameters (center oscillation
amplitude, reaction time, stride length) extend the analytical
capacity of the TUG test beyond time-based assessment.
These parameters enable differentiation of motor deficits
in students with lower limb amputation, particularly in
terms of movement stability, coordination, and temporal
organization of gait. This creates a basis for targeted
pedagogical interventions in inclusive physical education,
where exercise selection, load distribution, and corrective
tasks can be individualized according to specific gait
characteristics rather than general performance indicators.
Thus, digitalization of the TUG transforms it from a
screening tool into an instrument of pedagogical control
and decision-making.

The results of our previous studies regarding the
appropriateness of using technology to monitor inclusive
physical education as a factor in ensuring its effectiveness
have been confirmed (Blavt et al., 2024a; Blavt et al., 2024b).

Conclusions

The increasing number of students with disabilities
resulting from lower limb amputations caused by prolonged
hostilities in Ukraine necessitates improving the quality of
their rehabilitation within the university course on inclusive
physical education. This requires the use of modern
innovative technologies in the monitoring process as a factor
ensuring the effectiveness of the rehabilitation process.

An intelligent, software-controlled hardware system
has been developed for the implementation of the TUG.
Its structure integrates Xsens DOT sensors placed on the
student’s limbs and along the test trajectory, an Arduino Uno
microcontroller of the latest R3 model, and an LCD display
with an I’C interface, which allows for the real-time display
of current movement parameters. A distinctive feature of
the system is the use of IoT technologies to connect to cloud
platforms for analytics and forecasting.

An analysis of the reliability and validity of the TUG
test among students with disabilities involving lower limb
amputations confirmed a significant advantage of using the
digital system for gait monitoring. Its application ensured a
«high» level of reliability and validity of the methodology. At
the same time, the use of the digital instrument allows for the
recording of numerical gait parameters that cannot be obtained
manually. In contrast, the use of a traditional stopwatch yielded
only «average» and «acceptable» levels of reliability and validity
for the TUG. This allows the digitized TUG to be considered a
precision (high-accuracy) assessment tool with a high level of
functionality, reliability, and effectiveness.

The study demonstrates that detailed digital recording of
TUG parameters allows identifying specific characteristics
of gait organization (e.g., instability phases, delayed motor
response, asymmetry), which are not detectable using
traditional timing methods. These characteristics can serve
as a basis for targeted correction within the process of
inclusive physical education.

The findings should be interpreted with caution due to
the limited sample size and the specificity of the participant

group.
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Lindposisauia Tecty «BctaHb Ta ign» gna niagBuLLEHHA
e(PeKTNBHOCTI KOHTPOIO Y IHKNIO3NBHOMY PisnuHOMY
BNXOBaHHi

Oxkcana bnaB1'4"?, JIeca lamamamxkyk*®“P, lennapiin €Exgnnax®* P, Jlapuca Kosi6bpoga** >,

Bonomimup banax**“?, Bomogumup ®aitnesna’*?, Bikrop Iomry6**P, Bomogumup Cragank'*c°

'HauionanbHuii yHiBepcureT «/IbBiBCbKa MOiTeXHiKa»

*Kam’sirenb-ITominbepkuit HanjioHanbHMIT YHiBepcuTeT iMeHi IBana Orienka
*JIbBiBCHKMIL iepyKaBHMII YHiBepcuTeT (isnuHOI KynbTypu iMeHi IBana bobepcpkoro
‘KpemeHenbka o6/1acHa ryMaHiTapHO-TIefiaroriyaa akasemis im. Tapaca IlleBueHka
>Jlyubkuit HalliOHa/IbHNUI TEXHIYHUI YHIBEpCUTET

ABTOpPCHKMIT BT A — Au3aiiH gocmipkeHHs;; B — 36ip ganux; C - crataHanis; D — migroroska pyxonucy; E - 36ip KOIITIB

Pedepar. Crarrs: 10 c., 2 Tabm., 2 puc., 76 preper.

Merta mOCIiI)KeHHA — yCTaHOB/IEHH: PiBHA HaJiIHOCTI Ta BalMigHOCTI TecTy «BcTanb Ta ifiy» /1 CTY[EHTIB 3 iHBaligHICTIO 3
aMITy Tal}i€0 HVDKHDOI KiHIIIBKM 3 BUKOPMCTAHHAM iHTEIEKTyaTbHOTO IIPOrPaMHO-KEPOBAHOI0 allapaTHOIO KOMIIZIEKCY Y TTPOoILeci
iHK/TII03MBHOTO (pi3M'YHOTO BUXOBAHHS.

Martepian Ta MeTopu. JlocifkeHHs peasni3oBaHO Ha TEOPETVYHOMY Ta eMIIIpMYHOMY PiBHIi. BUKOPMCTAaHO METOJN: aHAJIi3y,
CUHTe3Y, CUCTeMaTH3allil, y3araJbHeHHA, BUMipIOBAaHHA Ta MaTeMaTU4YHOI CTAaTUCTUKYU. BuMiploBaHH:A peani3oBaHO 3 BUKOPUC-
TaHHAM TecTy «Bcranbp Ta ign». Y gocmimkysany BUOIpKy yBiitimim 23 CTymeHTH [-ro Kypcy HaBYaHHA (4onmoBiku) 3 MiBOOGIYHOIO
TpaHCTiOiaTbHOI0 aMITy TAL[i€l0 HIDKHBOI JIiBOI KiHIIIBKM 32 YMOBU BiICYTHOCTI TOCTPYX CTaHIB, BIfKPUTHX paH YU YCK/IAHEHb.

PesynbraTu. PesynbraTu 37iliCHEHOr0 HAyKOBOTO IIOLIYKY IIPEACTAB/LIEMO Y PO3POO/IEHOMY iHTeNIeKTya/IbHOMY IIPOrPaMHO-
KepOBaHOMY allapaTHOMY KOMILIEKCI Ayt peaisanii Tecty «Bctanb Ta ign». CTPYKTypHA KOMIIO3UIIist KOMIIIEKCY BK/TIOYAE: Oe3-
IpoToBi maTumky 3 mipTpuMkoro Bluetooth, Aki posminryemo Ha cTyfeHTOBI Ta 10 Bciit TpaekTOpii BUKOHAHHA TecTy «BcTaHb Ta
imy». Curnany, orpuMasi garunkamu Xsens DOT, nepenaroTbcs Ha MikpokoHTponep Arduino Uno ocranuboi mogeni R3. Ipen-
CTaBJ/IeHHA iHopMallii KOHTpoo 3abe3neuyemo BukopucTaHHAM PK-nucreit Liquid Crystal Display. Busnaunoro oco6musicTio
KOMIUIEKCY € BUKOpucTaHHA [0T-TeXHOMOrii [/ aHaMTUKA Ta IIPOTHO3YBAaHHSA IHK/IIO3MBHOTO (i3NYHOTO BUXOBAaHHA. ABTO-
MaTyU30BaHe OTPUMAHH:A pe3y/IbTaTiB TecTy «BcTaHb Ta iffu» 3abe3ledye OTPUMAHHA YMCICHHUX ITapaMeTpiB XOAY CTYAEHTIB 3
iHBaJIiJHICTIO 3 aMITy Talli€l0 HVDKHDBOI KiHI[IBKY AK aMIITiTyZla KOJIMBAaHb LIEHTPY, 9aC peakIlil Ta JOBXIHA KPOKY, AKi He MOXK/INBO
3acdikcyBaTu 3 ¢ikcalliero pe3y/IbTariB, CEKyHIOMIpOM.

LIndposa 06pobka gaHux TpaHchopMye piBeHb HaTiIHOCTI Ta BaTZHOCTI TecTy «BcTanp Ta ifu» 3 «cepegHbOrO» Ipu BI-
MipIOBaHHI CEKYHIOMIPOM, IO «BUCOKOTO», 1[0 3abe3Iedye TOYHICTD (piKcalil YMC/IeHNX MapaMeTpiB O MIKPOCEKYH/,.

BucHoBkn. HoBusHa po3po61eHOro iHTe/IeKTyaIbHOrO IPOrpaMOBaHOrO IHCTPYMEHTY A peasisalii Tecty «BcraHp Ta
ifu», moysirae y 3abesnedeHHi eheKTUBHOCTI KOHTPOIIIO Y IHK/TIO3MBHOMY (i3sYHOMY BUXOBaHHI Ta YCYHEHH: BIUIMBY JTIOJCHKOTO
(daKkTOpy Ha pe3y/nbTaT! TeCTYBaHHA.

KirouoBi cmoBa: crynenty, ¢isndHe BUXOBaHHs, TeCT «BcTaHb Ta ify», KOHTPOIb, HANINHICTD, BaIHICTD.
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Abstract

Objectives. Bocce is a precision sport that requires coordination and technical control. In the Raffa specialty, upper
limb coordination and postural control are particularly important. Despite its widespread practice, research on the
functional characteristics of youth players remains limited. This exploratory analytical pilot study aimed to examine
joint mobility as a functional configuration within the movement system underlying the Raffa technical gesture.
Materials and Methods. Twenty-five athletes aged 14-18 years were assessed during regional training events
organized by the Campania Bocce Committee. Joint mobility was evaluated using three field tests: the Shoulder
Mobility Test, a scapulo-humeral mobility test with stick rotation, and a seated forward trunk flexion test. Descriptive
statistics, independent samples t-tests, and Pearson correlations were calculated. Bartlett’s test of sphericity and an
exploratory Cronbach’s alpha were used to assess the integrative structure of mobility parameters.

Results. Significant differences emerged in scapulo-humeral mobility and spinal flexibility, whereas no differences
were found in shoulder mobility. Correlation analyses revealed weak to moderate relationships among the variables.
Bartlett’s test (x*;=9.63, p=0.022) and a Cronbach’s alpha of 0.65 supported the presence of an integrated mobility

structure, indicating interdependence among segments.

Conclusions. Joint mobility acts as a non-linear, context-dependent resource, functioning as both a facilitator and
a constraint depending on its integration within the movement system. Functional effectiveness in the Raffa gesture
depends on the balance among shoulder, scapulo-humeral, and spinal components rather than on isolated maximal
values. The study proposes a preliminary explanatory framework in which joint mobility mediates the relationship

between movement amplitude and control.

Keywords: Raffa specialty, joint mobility, youth athletes, flexibility, sport performance.

Introduction

The game of bocce represents one of the most deeply
rooted sporting disciplines in European and Mediterranean
traditions, characterized by a long cultural history and by a
progressive technical and regulatory evolution that has
consolidated its identity within the contemporary sports
landscape (Febrianingrum, & Diana, 2021). Today this

© Scamardella, E, Latino, F,, Romano, G., Tafuri, G.,
Maisuradze, M., & Saraiello, E., 2026.
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discipline is recognized as a highly codified precision sport
in which technical skills, motor control, and the management
of environmental variables play a central role in determining
performance outcomes. Within the international organizational
framework, the sport of bocce is structured into three main
specialties, Volo, Pétanque, and Raffa, each characterized by
specific technical, regulatory, and biomechanical dynamics.
Among these, the Raffa specialty represents one of the most
widespread and practiced forms in Italy, distinguished by the
particular technical complexity of the motor actions required
and by the high level of precision demanded during the phases
of play (Tiirkmen et al., 2018).
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The growing attention toward the scientific analysis of
sports performance has progressively involved disciplines
traditionally considered less investigated compared with
team sports or widely practiced Olympic disciplines. In this
context, bocce is increasingly emerging as a field of interest
within sport and exercise sciences, particularly with regard
to the study of performance models and the physical and
coordinative components that contribute to the effectiveness
of the technical gesture. Despite the apparent simplicity of
the actions involved, performance in bocce, and especially in
the Raffa specialty, requires a sophisticated balance between
motor precision, intersegmental coordination, postural
control, and the management of force (Simsek, & Kesilmis,
2022). These elements become particularly evident during
the phases of shooting and pointing, in which the player
must accurately regulate the trajectory and velocity of the
bowl while maintaining stability and fluidity of movement
(Irawan et al., 2024).

Within this framework, one of the least investigated yet
potentially relevant aspects for understanding performance
concerns the role of joint mobility. Joint mobility represents a
fundamental component of motor functionality, understood
as the capacity of a joint to move within its physiological
range of motion in a controlled and efficient manner.
Joint mobility should not be considered as an isolated
characteristic, but rather as a functional element within
the kinetic chain, contributing to the coordination between
proximal stability and distal movement control required
for precise motor execution, and enabling the efficient
transmission of forces along the movement sequence. In
the context of sports technique, it contributes to the quality
of motor execution, influencing coordination, movement
economy, and injury prevention. In disciplines that require
precision gestures and repetitive movements, such as bocce,
joint mobility assumes particular significance because it
allows the optimization of the kinetic chain involved in the
execution of the technical gesture. However, in precision-
based motor tasks, joint mobility should not be interpreted
as a uniformly beneficial attribute, as both insufficient and
excessive mobility may alter the balance between movement
amplitude and control, potentially affecting the stability
and reproducibility of the gesture. In the game of Raffa, the
motor gesture that characterizes the principal actions of play
involves a coordinated sequence of movements engaging
several body segments, particularly the dominant upper limb,
the trunk, and the lower limbs (Helmi, et al., 2024). During
the execution of shooting or pointing actions, the player
performs a coordinated movement that begins with body
positioning and develops through a progressive activation
of the kinetic chain, culminating in the release of the bowl.
Within this motor sequence, the mobility of the shoulder,
elbow, and wrist joints plays a decisive role in ensuring
fluidity and precision of the gesture. At the same time, the
mobility of the pelvis and lower limbs contributes to postural
stability and to the correct distribution of forces during the
execution phase (Gir et al., 2022). In this perspective, joint
mobility assumes a regulatory role within the movement
system, influencing the balance between movement
amplitude and control, and determining the conditions
under which the technical gesture can be executed with
accuracy and consistency. Accordingly, joint mobility may
be conceptualized as a resource operating under specific

functional conditions, rather than as a linear determinant
of performance.

Despite these biomechanical and functional
considerations, the scientific literature dedicated to the
analysis of the physical characteristics of bocce players still
appears limited, particularly when compared with the large
body of studies available in other sporting contexts (Firdaus,
& Irfan, 2023). Most of the existing research mainly focuses
on the technical and tactical aspects of the game or on
competitive dynamics, while the physiological and motor
components that characterize the athlete’s performance
model remain insufficiently explored (Hafidz et al., 2024).
This gap becomes even more evident when attention shifts
to the youth sector, an area in which knowledge of athletes’
motor characteristics can represent a fundamental tool for
guiding processes of sports training and the development of
technical competencies (Latino et al., 2019).

The study of motor abilities in young athletes represents
a field of considerable interest within sport sciences because
it allows researchers to understand how processes of growth
and maturation interact with motor learning and with
the development of specific abilities required by a given
discipline (Susanto et al., 2024). In the case of bocce, and
particularly within the Raffa specialty, youth development
represents a crucial phase for the acquisition of the technical
and coordinative foundations of the game gesture. During
this stage, joint mobility may play a particularly relevant role
because it supports motor learning and the development of
efficient movement patterns (Scamardella et al., 2025).

Joint mobility in young athletes is influenced by
several factors, including biological age, level of physical
activity, individual morphological characteristics, and
previous motor experiences. During growth phases, the
musculoskeletal system undergoes important structural
and functional changes that may influence the movement
capacity of the joints. A proper evaluation of joint mobility
during this stage of development can therefore provide
useful indications both for optimizing training programs
and for preventing possible functional limitations that might
negatively affect the quality of the technical gesture (Raiola
etal., 2015).

Furthermore, the analysis of joint mobility in young
bocce players may contribute to the definition of a more
precise performance model for this sport discipline. The
concept of a performance model represents a fundamental
tool within training methodology because it allows
the identification of the set of physical, technical, and
psychological characteristics that contribute to the realization
of effective performance. Through the identification of
the variables that most strongly influence performance, it
becomes possible to guide training processes and athlete
development in a more targeted and evidence-based
manner (Irawan, 2019). From this standpoint, joint mobility
can be conceptualized as a functional variable within the
performance model, interacting with coordination, postural
control, and movement stability to influence the effectiveness
and reproducibility of the technical gesture. In this sense,
its contribution to performance should be interpreted in
relation to its capacity to remain within functional limits
compatible with control demands, rather than in terms of
maximal range of motion alone.
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In the specific case of bocce, the definition of a
performance model appears particularly complex because
the discipline lies at the intersection between precision sports
and technical coordinative activities. Competitive success
does not depend exclusively on traditional conditional
abilities such as strength or endurance but rather on a
combination of fine motor skills, neuromuscular control,
concentration capacity, and the management of the playing
space. Within this framework, joint mobility may represent
a functional component capable of indirectly influencing the
effectiveness of the technical gesture and the overall quality
of performance (Eler, & Eler, 2018).

Another element of interest concerns the possibility
of using joint mobility assessment as a monitoring tool
within the developmental pathway of young athletes. The
introduction of functional evaluation protocols within bocce
schools and youth sectors could foster greater awareness of
athletes’ motor characteristics, enabling coaches to adapt
training programs to the specific needs of individual players
(Badruzaman, 2021).

In light of these considerations, there is a clear need
to further investigate the motor characteristics of young
practitioners involved in the Raffa specialty, with particular
attention to joint mobility and its potential role in supporting
the effectiveness of the technical gesture. The lack of
systematic data in this field makes it necessary to initiate
exploratory studies and pilot projects capable of providing
initial indications useful for the construction of a more solid
knowledge base (Yuan, & Li, 2022).

The present study is positioned within this exploratory
perspective, with the aim of contributing to the
understanding of joint mobility characteristics in young
bocce players engaged in the Raffa specialty. Through the
assessment of selected mobility parameters involving the
shoulder complex and the spinal column, this research seeks
to provide an initial functional profile of joint mobility in
youth athletes practicing this discipline. In particular, the
study aims to analyze joint mobility not only in terms of
variability, but also in relation to its potential functional
role within the movement system underlying the technical
gesture of bocce. Furthermore, the study seeks to provide
an initial interpretative framework for understanding how
different mobility characteristics may influence movement
control, coordination, and the balance between stability
and mobility in young athletes. More specifically, the study
adopts a functional systems perspective in which joint
mobility is interpreted as an organized set of interdependent
components within the movement structure of the Raffa
technical gesture. Within this framework, shoulder mobility
is considered to support distal segment orientation and fine
modulation of the release phase, scapulo-humeral mobility
contributes to the regulation of movement amplitude and
trajectory continuity, and spinal flexibility plays a key role in
postural organization and in the transmission of forces along
the kinetic chain. The interaction among these components
is hypothesized to determine the functional balance between
movement amplitude and control, which is essential for
ensuring accuracy, consistency, and reproducibility of the
technical gesture. From this standpoint, the effectiveness
of joint mobility depends on its capacity to operate within
a functional range that simultaneously allows sufficient
movement amplitude and adequate control, whereas

deviations toward either insufficient or excessive mobility
may compromise the stability and precision of the gesture.
By framing joint mobility in terms of coordinated functional
roles rather than isolated measures, the study seeks to move
toward a preliminary explanatory model of how mobility
operates within the movement system of young Raffa
athletes.

In doing so, the study intends not only to address a
gap in the existing literature but also to contribute to the
development of greater scientific awareness surrounding a
sporting discipline that, although deeply rooted in tradition,
continues to evolve and offer new research perspectives
within the field of sport and exercise sciences.

Materials and Methods

The present research was designed as a cross sectional
exploratory analytical pilot study aimed at investigating
joint mobility characteristics in young athletes practicing
bocce in the Raffa specialty. The study sought to provide an
initial functional interpretation of joint mobility parameters
potentially associated with the technical gesture required
in this precision sport. Rather than focusing exclusively
on descriptive profiling, the study aimed to examine joint
mobility as a functional configuration within the movement
system underlying the execution of the technical gesture.
Given the limited scientific literature focusing on the physical
and functional characteristics of bocce athletes, particularly
within youth categories, the study was conceived as an
exploratory investigation intended to collect preliminary
data useful for future research and for the development of
a more structured performance model in this discipline.
Within this framework, the study adopts an explanatory
perspective by proposing a preliminary model in which
joint mobility is interpreted as an intersegmental component
contributing to movement organization and control.

The research focused on the evaluation of joint mobility
through a set of field based motor tests commonly used
in sport sciences for the assessment of shoulder complex
mobility and trunk flexibility. The tests were selected for
their simplicity of administration, their suitability for use
in sports training environments, and their relevance to the
biomechanical characteristics of the motor actions required
in the Raffa specialty. In this context, the selected tests were
intended to capture functionally relevant aspects of mobility
related to the coordination between upper limb movement,
trunk control, and the overall organization of the kinetic
chain. Accordingly, each measure was considered not only
as an isolated indicator of range of motion, but as a proxy
of specific functional contributions within the coordinated
movement system.

Data collection was carried out during regional training
events organized by the Campania Bocce Committee,
allowing the evaluation of athletes within a standardized
sporting environment. The study design allowed the
collection of objective measurements of joint mobility while
minimizing interference with the athletes’ regular training
activities. This approach ensured that the observed mobility
characteristics could be interpreted in relation to real training
conditions, supporting their relevance within the practical
movement context of the sport. This design supports the
interpretation of mobility data not only as descriptive
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measures, but as elements contributing to a preliminary
explanatory framework of the movement system in young
Raffa athletes.

Participants

The study involved a sample of twenty five young athletes
practicing bocce in the Raffa specialty. All participants
belonged to the junior category and were aged between
fourteen and eighteen years. The sample included both
male and female athletes, specifically fifteen males and ten
females. This age range represents a critical developmental
phase in which motor control, coordination, and mobility
characteristics are still evolving and may influence the
structuring of the technical gesture.

All athletes were actively involved in regional training
programs and participated regularly in sporting activities
related to the Raffa discipline. The participants were recruited
during regional training stages organized by the Campania
Bocce Committee, which represented collective technical
training sessions involving selected youth players.

The inclusion criteria required that athletes were actively
practicing the Raffa specialty and were regularly participating
in training activities. All participants were physically able to
perform the motor tests included in the study.

Procedures

The motor evaluations were conducted during
regional training camps organized by the Campania Bocce
Committee. All tests were performed in January 2026 within
the context of these collective training sessions.

Before the administration of the tests, the athletes
received clear instructions regarding the execution
procedures. The tests were conducted under the supervision
of trained evaluators in order to ensure consistency in
the measurement procedures and to minimize potential
execution errors. Each athlete performed the motor tests
according to standardized protocols. When required by the
test procedure, multiple attempts were allowed in order to
obtain the best possible performance. Adequate recovery
time was provided between attempts to avoid fatigue effects
that could influence the results. The evaluation sessions
were organized in a structured manner, allowing athletes
to complete the different mobility assessments sequentially
while maintaining comparable testing conditions for all
participants.

The study was conducted in accordance with the
principles of the Declaration of Helsinki. The research
protocol was approved by the Institutional Review Board of
the University of Naples “Parthenope” (DiSMMeB Prot. N.
88592/2024). Written informed consent was obtained from
all participants and, in the case of minors, from their parents
or legal guardians prior to participation in the study.

Measures

Three motor tests were administered in order to evaluate
different aspects of joint mobility involving the shoulder
complex and the spinal column. The selection of these tests
was intended to capture functionally relevant components
of mobility associated with the execution of the technical

gesture in bocce, particularly in relation to upper limb
coordination and trunk control. More specifically, each test
was selected to represent a distinct functional component
within the movement system underlying the Raffa technical
gesture, allowing the identification of segment-specific roles
related to distal control, movement amplitude regulation,
and postural stabilization. In this perspective, the assessment
protocol was designed not only to quantify joint mobility,
but to capture functionally meaningful dimensions directly
involved in the organization and control of the Raffa
throwing gesture.

Shoulder Mobility Test

The Shoulder Mobility Test was used to assess the global
mobility of the shoulder joint. The test was performed in a
standing position with the athlete maintaining an upright
posture, feet together, and fists closed with the thumbs
placed inside the hands. One arm was positioned over the
shoulder while the other was placed behind the back, and
the athlete attempted to bring the fists as close as possible
behind the back. The distance between the closest bony
landmarks of the fists was measured in centimeters using a
measuring tape. The test was performed three times for each
side and the best result was recorded. This test provided an
indication of the functional range of motion of the shoulder
complex, which is involved in the execution and control
of the throwing movement. From a functional perspective,
this measure was interpreted as reflecting the capacity of
the shoulder joint to support distal segment orientation and
fine modulation of the release phase, contributing to the
precision and directional control of the technical gesture.
More specifically, adequate shoulder mobility allows the
athlete to position the upper limb effectively during both the
preparatory and release phases, facilitating fine adjustments
of trajectory and enhancing the accuracy and repeatability of
the gesture in a precision task such as Raffa.

Scapulo-humeral Girdle Mobility

The mobility of the scapulo humeral girdle was
assessed through a stick rotation test. The athlete stood
upright holding a stick with both hands positioned at its
extremities and arms extended in front of the body. The
movement consisted of a full circumduction of the arms
performed forward, upward, backward, and downward
until the stick touched the body, followed by a return to
the starting position while maintaining the arms fully
extended. During the test, the evaluator ensured that the
movement of the arms remained symmetrical and that the
elbows were not flexed. At each attempt the grip distance on
the stick was progressively reduced. The final measurement
corresponded to the minimum distance between the hands,
expressed in centimeters, that allowed the athlete to perform
the complete movement correctly. This measure reflects
the coordination and mobility of the scapulo-humeral
complex, which contributes to the control of movement
amplitude and fluidity during the execution of the technical
gesture. Within the functional model adopted in this study,
this parameter was considered indicative of the ability to
regulate movement amplitude and ensure continuity of the
kinematic chain, supporting the generation of a smooth and
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coordinated trajectory during the execution of throwing
actions. Functionally, this component is particularly relevant
in the Raffa gesture because it mediates the transition
between proximal stability and distal control, allowing the
athlete to generate sufficient movement amplitude without
compromising trajectory continuity and coordination.

Spinal Flexibility

The flexibility of the spinal column was evaluated
through a seated forward flexion test similar to the sit and
reach protocol. The athlete sat with the feet fully placed
against the testing bench and performed several preparatory
stretching movements of the lower limb muscles. The arms
were then raised upward and, at the signal, the athlete slowly
bent forward attempting to reach the furthest possible
point on the graduated measuring surface. The position
was maintained for a few seconds before returning to the
starting posture. Two attempts were performed and the best
result was recorded. The measurement was expressed in
centimeters based on the position reached by the fingertips.
Values were recorded as negative when the athlete was unable
to reach the toes and positive when the fingertips passed
beyond them. This test provided an indication of trunk
flexibility, which is functionally related to postural control
and the transmission of forces along the kinetic chain. In
the proposed functional framework, spinal flexibility was
interpreted as a key component for postural organization
and for the effective transmission of forces between lower
and upper body segments, contributing to the stabilization
of the movement and to the maintenance of control during
the execution phase. In the context of the Raffa specialty,
this dimension is crucial for maintaining postural stability
during the execution phase, ensuring that the movement
remains controlled and repeatable while allowing efficient
force transfer along the kinetic chain.

The instruments used for the administration of the tests
included a measuring tape, a graduated testing bench, a
measuring wheel, spatial markers, and a graduated stick.

Statistical Analysis

The collected data were analyzed using descriptive
statistical methods in order to summarize the mobility
characteristics of the sample. For each test the maximum
value, minimum value, mean score, and standard deviation
were calculated separately for the male and female groups.
These indicators were considered not only to describe
variability, but also to identify potential functional ranges
and distribution patterns relevant to movement execution.

In addition, frequency distributions were examined
in order to identify the most recurrent values within each
dataset. This approach allowed the identification of central
tendencies that may reflect typical mobility conditions
within the analyzed group. The descriptive statistical
approach adopted in this study allowed the identification of
general trends and variability patterns within the mobility
performances of the athletes.

Independent samples t-tests were conducted in order
to support a more analytical interpretation of the data.
Differences between male and female groups were examined
using independent samples t-tests. In addition to statistical

significance, effect sizes (Cohen’s d) were calculated to
estimate the magnitude of between-group differences.
Furthermore, correlation analyses (Pearsons r) were
performed to explore the relationships between the different
mobility parameters assessed.

Tofurtherexaminewhetherthethreemobilityparameters
could be interpreted as part of a common functional
configuration, the correlation matrix was additionally
assessed through Bartlett’s test of sphericity. An exploratory
estimate of internal coherence was also calculated using
Cronbach’s alpha. These analyses were intended to support
the interpretation of shoulder mobility, scapulo-humeral
mobility, and spinal flexibility as interrelated components of
an integrated mobility profile.

Given the exploratory nature of the research and the
relatively small sample size, the statistical analysis focused
primarily on descriptive indicators intended to provide an
initial overview of the joint mobility characteristics of young
athletes practicing the Raffa specialty. Within this framework,
the integration of descriptive and inferential analyses including
effect size estimation was intended to support a preliminary
functional interpretation of mobility parameters in relation to
the organization of the movement system.

Results

The analyzed sample consisted of 25 young athletes
practicing bocce in the Raffa specialty, belonging to the
junior category (aged between 14 and 18 years). The group
included 15 male and 10 female participants. All athletes
were subjected to three joint mobility assessments: the
Shoulder Mobility Test, the scapulo-humeral girdle mobility
test, and the spinal flexibility test. The results are presented
separately for the male and female samples. Comparisons
between groups were performed using independent samples
t-tests (Tab. 1), including effect size estimation (Cohen’s d),
and relationships among mobility variables were examined
using Pearson’s correlation analyses. Descriptive statistics for
the total sample and by sex are summarized in Table 1.

Table 1. Descriptive statistics of joint mobility parameters.

Variable Group Min Max Mean SD Range
Shoulder Mobility ~Total 0 23 62 58 23
Male 0 23 8.0 6.8 23

Female 0 10 3.5 3.6 10

Scapulo-humeral  Total 29 120 813 254 91
Mobility Male 66 120 9646 153 54
Female 29 86 588 198 57
Spinal Flexibility =~ Total -4 27 9.0 80 31
Male -4 22 7.0 741 26
Female 5 27 120 8.42 22

Note. Values are reported for the total sample and by sex. Mean
values are presented with standard deviations (SD). Range is
calculated as the difference between maximum and minimum values.

Shoulder Mobility Test

In the male sample, the values recorded in the Shoulder
Mobility Test ranged from a minimum of 0 cm to a maximum
of 23 cm. The mean value was 8 cm with a standard deviation
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of 6.8 cm. The most frequently observed values were 1 cm, 13
cm, and 16 cm, each with an absolute frequency of 2 (Fig. 1).

SHOULDER MOBILITY TEST - MALE

Fig. 1. Shoulder mobility — male sample.

In the female sample, the observed values ranged from a
minimum of 0 cm to a maximum of 10 cm. The mean value
was 3.5 cm with a standard deviation of 3.6 cm. The most
frequently recorded values were 0 cm and 6 cm, both with
an absolute frequency of 3 (Fig. 2).

SHOULDER MOBILITY TEST - FEMALE
12

Athlete 4

[o]
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Fig. 2. Shoulder mobility - female sample.

The comparison between male and female groups did
not show statistically significant differences in shoulder
mobility (t = 1.92, p = 0.067), with a moderate effect size (d
= 0.85), indicating a non-negligible magnitude of difference
despite the lack of statistical significance.

Scapulo-humeral Girdle Mobility

Regarding the scapulo-humeral girdle mobility test, the
values observed in the male sample ranged from a minimum
of 66 cm to a maximum of 120 cm. The mean value was 96.46
cm with a standard deviation of 15.3 cm. The value most
frequently observed was 120 cm, with an absolute frequency
of 3 (Fig. 3).

JOINT MOBILITY TEST - MALE

Fig. 3. Scapulo-humeral mobility - male sample.

In the female sample, the recorded values ranged from a
minimum of 29 ¢cm to a maximum of 86 cm. The mean value
was 58.8 cm with a standard deviation of 19.8 cm. The values
were evenly distributed, with an absolute frequency of 1 for
each recorded value (Fig. 4).

JOINT MOBILITY TEST - FEMALE
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Fig. 4. Scapulo-humeral mobility — female sample.

The comparison between groups revealed statistically
significant differences in scapulo-humeral mobility, with
higher values observed in the male sample (t = 5.12, p <
0.001), with a large effect size (d = 2.10), indicating a
substantial between-group difference.

Spinal Flexibility

In the spinal flexibility test, the male sample showed
values ranging from a minimum of —4 cm to a maximum of
+22 cm. The mean value was +7 cm with a standard deviation
of 7.41 cm. The most frequently observed values were 0 cm
and +12 cm, each with an absolute frequency of 3 (Fig. 5).

SPINAL COLUMN TEST - MALE

r1g. 5. dSpinal NEXIDUITY — male sample.

In the female sample, all recorded values were positive
and ranged from a minimum of +5 cm to a maximum of +27
cm. The mean value was +12 cm with a standard deviation
of 8.42 cm. The most frequently observed value was +7 cm,
with an absolute frequency of 3.

The comparison between male and female groups
indicated statistically significant differences in spinal
flexibility, with higher mean values in the female sample (t
= -2.12, p = 0.045), with a moderate effect size (d = 0.63),
suggesting a meaningful difference in trunk flexibility
between groups (Tab. 2).

Pearson’s correlation analyses

Pearson’s correlation analyses were also performed
to examine the relationships among the three mobility
parameters assessed (Fig. 6). A moderate positive correlation
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Table 2 - Summary of joint mobility parameters by gender.

Test Male (Mean + SD)  Female (Mean + SD) p-value Cohen’s d
Shoulder Mobility (cm) 8.0+6.8 35+3.6 0.067 0.85
Scapulo-humeral Mobility (cm) 96.46 + 15.3 58.8 +£19.8 <0.001 2.10
Spinal Flexibility (cm) 7.0£7.41 12.0 £ 8.42 0.045 0.63

Note. Values are presented as mean * standard deviation. p-values refer to independent samples t-tests comparing male and female groups.

Effect sizes are expressed as Cohen’s d. Conventional thresholds for Cohen’s d were applied (small = 0.2, medium = 0.5, large = 0.8).

Table 3. Correlation matrix among joint mobility parameters in young athletes practicing Raffa Bocce.

Variable

Shoulder Mobility

Scapulo-humeral Mobility

Spinal Flexibility

Shoulder Mobility

Scapulo-humeral Mobility

Spinal Flexibility

0.46* (p = 0.023)

0.28 (p = 0.174)
0.41* (p = 0.047)

Note. Values are reported for the upper triangular matrix to avoid redundancy. Diagonal elements (r = 1.00) are not shown. p < 0.05.
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Fig. 6. Scatter plots illustrating the relationships between joint mobility variables in young bocce (Raffa specialty) athletes.

was observed between shoulder mobility and scapulo-
humeral girdle mobility (r = 0.46, p = 0.023). A weak positive
correlation was found between shoulder mobility and spinal
flexibility (r = 0.28, p = 0.174). A moderate correlation was
observed between scapulo-humeral girdle mobility and
spinal flexibility (r = 0.41, p = 0.047). These findings indicate
a pattern of interdependence among segmental mobility
components, supporting their interpretation as functionally
related rather than independent variables.
The correlation matrix is reported in Table 3.

Integrated analysis of joint mobility parameters

To verify whether the three mobility parameters could be
interpreted as part of a shared functional configuration, the
correlation matrix was additionally examined using Bartlett’s
test of sphericity. The test was statistically significant ((3) =
9.63, p = 0.022), indicating that the observed correlations
were sufficient to reject the hypothesis of independence
among variables. In addition, an exploratory estimate
of internal coherence showed a Cronbach’s alpha of 0.65,
suggesting a moderate but meaningful degree of consistency
among the three indicators. Taken together, these results
support the interpretation of shoulder mobility, scapulo-

humeral mobility, and spinal flexibility as components of a
preliminary integrated mobility profile rather than as entirely
separate parameters (Tab. 4). Overall, these results support
the identification of a preliminary “mobility balance profile’,
in which the functional value of joint mobility emerges from
the coherence among segmental contributions rather than
from isolated parameter values.

Table 4. Integrative analysis of joint mobility parameters
based on Bartlett’s test of sphericity and Cronbach’s alpha.

Analysis Statistic Value p-value
Bartlett’s test of sphericity  x* (df = 3) 9.63 0.022
Internal consistency Cronbach’s a 0.65 -

Note. Bartlett’s test evaluates whether the correlation matrix
significantly differs from an identity matrix. Cronbach’s alpha is
reported as an exploratory estimate of internal coherence among
mobility parameters.

An exploratory classification of functional mobility
profiles is presented in Table 5.

Within this exploratory framework, mobility values
were interpreted relative to the internal distribution of
the sample. Lower values were considered indicative of
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Table 5. Exploratory classification of functional mobility
profiles in young Raffa Bocce athletes.

N N
Profile Type Description (Estimated)
Balanced profile Comparable values across 8
shoulder, scapulo-humeral,
and spinal mobility
Upper limb dominant Higher shoulder and scapulo- 7
humeral mobility relative to
spinal flexibility
Trunk dominant Higher spinal flexibility 6
relative to upper limb mobility
Unbalanced profile ~ Marked discrepancies among 4

the three parameters

potentially insufficient mobility, intermediate and balanced
values as functionally adequate, and disproportionately high
values relative to other segments as potentially excessive.
This classification does not define normative thresholds
but provides a sample-based functional interpretation of
mobility ranges.

Discussion

The present pilot study aimed to investigate joint mobility
characteristics in young athletes practicing bocce in the
Raffa specialty, with the intention of providing a preliminary
functional profile of mobility parameters potentially related
to technical performance in this precision sport. Beyond a
purely descriptive approach, the study was oriented toward
interpreting joint mobility as a functional component within
the movement system underlying the technical gesture.
Given the limited scientific literature specifically focused on
the physical and functional characteristics of bocce players,
particularly in youth categories, the study was conceived
as an exploratory investigation designed to collect initial
data useful for future research and for the development of a
more structured understanding of the performance model
associated with this discipline. Within this context, the
study not only documents variability in joint mobility, but
proposes a preliminary interpretation of joint mobility as an
intersegmental functional configuration that mediates the
relationship between movement amplitude and execution
control in a precision-based task such as the Raffa gesture.
Importantly, this interpretation is grounded in the observed
variability, the pattern of between-group differences, and
the interrelations identified among the assessed mobility
parameters, rather than on direct measures of technical
performance.

From a functional approach, the results of the present
study can be interpreted within a system-based framework
in which joint mobility operates as an organized set of
interdependent components contributing to the control
and reproducibility of the technical gesture. In this model,
shoulder mobility primarily supports distal segment
orientation and fine modulation of the release phase,
scapulo-humeral mobility contributes to the regulation of
movement amplitude and trajectory continuity, and spinal
flexibility ensures postural organization and the effective

transmission of forces along the kinetic chain. The interaction
among these components determines the functional balance
between movement amplitude and control, which is essential
for achieving accuracy and consistency in the Rafta technical
gesture. In the context of the present study, functional ranges
should be interpreted as relative intervals within which
mobility supports an effective balance between movement
amplitude and control. Values below this range may limit
movement adaptability, whereas values exceeding this range,
particularly when not compensated by adequate control in
other segments, may compromise movement stability. In
this sense, joint mobility does not act as a single isolated
factor, but as a coordinated system in which segmental
contributions are functionally integrated. Crucially, within
this system, joint mobility assumes a dual functional role,
acting both as a facilitator of movement when it supports
adequate amplitude and coordination, and as a potential
constraint when excessive or insufficient levels disrupt the
balance between control and stability. More specifically, the
Raffa technical gesture requires a high level of repeatability,
and such repeatability depends on maintaining a stable
balance between movement amplitude and control; this
balance is not generated by a single joint, but emerges
from the coordinated interaction among shoulder, scapulo-
humeral, and trunk mobility. Within the limits of the
present design, this mechanism should be interpreted as a
plausible functional explanation supported by the observed
relationships among variables rather than as a directly tested
causal pathway.

The main hypothesis underlying the research was that
joint mobility, particularly at thelevel of the shoulder complex
and spinal column, represents an important functional
component for the execution of technical gestures in the
Raffa specialty. In precision sports such as bocce, the quality
of motor execution depends not only on technical skill and
perceptual accuracy but also on the functional efficiency of
the musculoskeletal structures involved in the movement.
The throwing and pointing actions typical of the Raffa
specialty require coordinated activation of the upper limb,
trunk stabilization, and controlled movement amplitude,
all of which may be influenced by joint mobility levels
(Turkmen et al., 2013). In this perspective, joint mobility can
be interpreted as a regulatory factor within the kinetic chain,
influencing the balance between movement amplitude and
control. More specifically, the effectiveness of the gesture
may depend on the capacity of different joint segments to
operate within a coordinated functional configuration, in
which excessive or insufficient mobility in one segment may
alter the overall organization of the movement. In this sense,
insufficient mobility may limit movement amplitude and
reduce the fluidity and adaptability of the gesture, whereas
excessive mobility may compromise segmental stability
and fine motor control, leading to reduced consistency
and precision. Taken together, these elements support a
functional interpretation in which the precision demands
of the task require repeatable motor execution, repeatability
depends on the balance between amplitude and control, and
this balance is functionally mediated by the coordinated
configuration of joint mobility across segments. However,
this interpretation should be considered as a preliminary
explanatory framework, as no direct performance outcomes
were measured in the present study.

535



ISSN 1993-7989. elSSN 1993-7997. ISSN-L 1993-7989. Physical Education Theory and Methodology. Vol. 26, Num. 3

The results obtained in the present study indicate a
certain degree of variability in joint mobility parameters
among the young athletes examined. In the Shoulder
Mobility Test, the male sample showed higher maximum
values and greater variability compared with the female
sample, while the female athletes generally presented lower
average distances between the fists, suggesting relatively
greater shoulder mobility. These findings may reflect
differences in flexibility characteristics typically observed
between male and female athletes during adolescence, as
reported in several studies investigating joint mobility and
flexibility in youth populations. Previous research in sport
sciences has consistently highlighted that female athletes
often display higher flexibility levels than males, particularly
in movements involving the shoulder complex and posterior
muscle chains (Simgsek et al., 2024). However, the absence
of statistically significant differences in shoulder mobility
between groups suggests that this parameter may fall
within a functional range common to both sexes, rather
than representing a discriminative factor for performance.
Within the proposed functional model, this finding may
indicate that shoulder mobility alone is not sufficient to
determine movement effectiveness, but rather contributes
to performance only when integrated with the functional
behavior of other segments. This further supports the idea
that mobility does not exert a linear effect on performance,
but operates within a functional range in which both lower
and higher values may have different implications depending
on their interaction with other components of the movement
system.

Regarding the assessment of scapulo-humeral girdle
mobility, the results reveal a relatively wide range of values
in both male and female samples. The variability observed in
this test may be related to individual differences in training
experience, motor coordination, and anthropometric
characteristics. The scapulo-humeral joint complex plays
a crucial role in the execution of throwing movements, as
it contributes to the generation and control of movement
amplitude and trajectory. Adequate mobility in this region
allows athletes to perform smoother and more controlled
arm movements, which may support the precision required
in the technical gestures typical of bocce. In this perspective,
the variability observed among participants may reflect
different stages of motor development and technical
adaptation to the sport. The statistically significant differences
observed between male and female athletes indicate that
this parameter may represent a more sensitive functional
component, potentially influencing the organization of
the upper limb movement within the kinetic chain. From
a functional standpoint, scapulo-humeral mobility may
represent a central regulatory element within the system,
as it mediates the relationship between proximal stability
and distal control, thereby influencing the continuity and
efficiency of the movement trajectory. However, also in this
case, an excessive increase in movement amplitude without
adequate control may reduce movement consistency,
highlighting again the non-linear contribution of mobility
to performance.

The spinal flexibility test also revealed interesting
patterns. While the male sample displayed both positive and
negative values, indicating heterogeneous levels of trunk
flexibility, the female sample showed exclusively positive

values and a higher mean score. These results appear
consistent with previous studies on flexibility development
in adolescent athletes, which frequently report greater trunk
flexibility among female participants. From a biomechanical
perspective, adequate spinal mobility may contribute to
improved postural control and balance during the execution
of throwing movements, facilitating the transmission of
force along the kinetic chain and allowing more efficient
movement coordination (Costa, 2021). The presence of
statistically significant differences between groups suggests
that trunk mobility may play a differentiated functional
role, particularly in relation to postural stabilization and
force transmission during the technical gesture. Within
the proposed model, spinal flexibility can be interpreted as
the structural base that supports the integration of upper
limb actions, ensuring that movement amplitude generated
at the scapulo-humeral level is effectively controlled and
transferred without compromising balance and stability. At
the same time, excessive trunk mobility without sufficient
neuromuscular control may reduce postural stability,
potentially affecting the precision of the technical gesture.
The correlation analyses provide additional insight into
the functional organization of joint mobility within the
movement system. The moderate relationships observed
between shoulder mobility and scapulo-humeral mobility,
as well as between scapulo-humeral mobility and spinal
flexibility, suggest the existence of coordinated functional
interactions between different segments of the kinetic
chain. In contrast, the weaker association between shoulder
mobility and spinal flexibility indicates a more indirect
relationship, highlighting the role of intermediate segments
in linking upper limb movement and trunk function. These
findings support the interpretation of joint mobility not
as isolated parameters, but as interdependent components
contributing to the overall organization of movement. In
particular, the observed pattern of correlations supports the
idea of a hierarchical and coordinated system, in which the
scapulo-humeral complex acts as an intermediate functional
link connecting distal control and proximal stabilization.
The statistical assessment of the correlation matrix further
strengthens this integrative interpretation. The significant
result of Bartlett’s test of sphericity indicates that the
relationships among the three mobility parameters are not
random, supporting the presence of an underlying functional
structure. Moreover, the moderate Cronbach’s alpha suggests
a meaningful level of internal coherence among shoulder
mobility, scapulo-humeral mobility, and spinal flexibility.
Taken together, these findings support the identification
of a preliminary “mobility balance profile”, in which the
functional value of joint mobility depends on the coherence
among segmental contributions rather than on the isolated
magnitude of individual parameters. This interpretation is
further supported by the exploratory classification reported
in Table 4, which illustrates how different combinations of
segmental mobility give rise to distinct functional profiles,
reinforcing the concept of joint mobility as an integrated and
configuration-dependent system. Within this perspective,
the profiles reported in Table 5 can be interpreted as reflecting
different functional conditions, ranging from relatively
insufficient to balanced and, in some cases, to relatively
excessive mobility configurations. These distinctions are
based on the internal distribution of the sample and should

536



Scamardella, F, Latino, F., Romano, G., Tafuri, G., Maisuradze, M., & Saraiello, E. Functional Joint Mobility in Young Athletes Practicing
Bocce Raffa: Implications for the Performance Model

be considered exploratory rather than normative thresholds.
It is important to note that these profiles are derived from
exploratory criteria and should not be interpreted as
normative classifications.

When interpreting these findings, it is important to
consider the specific characteristics of bocce as a precision
sport. Unlike high-intensity or endurance-based sports,
the success of performance in bocce relies heavily on the
quality of fine motor control, the stability of body segments,
and the ability to reproduce consistent movement patterns.
Within this context, joint mobility does not necessarily
act as a direct determinant of performance but rather as a
functional prerequisite that may facilitate efficient motor
execution (Gegitli et al., 2021). This implies the existence of
functional ranges of joint mobility, within which movement
execution is supported, whereas values outside these ranges,
either excessive or insuflicient, may compromise movement
control and coordination. Adequate ranges of motion
in the shoulder complex and trunk may allow athletes to
adopt more stable and biomechanically efficient positions
during technical actions, thereby supporting accuracy and
repeatability (Helmi et al., 2024; Balan et al., 2020). In this
perspective, the effectiveness of joint mobility depends not
on its absolute magnitude, but on its alignment with the
functional requirements of the movement system, reinforcing
the idea of mobility as a context-dependent resource rather
than a universally beneficial attribute. Accordingly, mobility
should be interpreted as a resource operating under specific
functional conditions, in which both insufficient and
excessive levels may negatively affect performance if they
disrupt the balance between amplitude and control.

The importance of the results presented in this study
lies primarily in their contribution to the limited body
of knowledge concerning the functional characteristics
of bocce athletes. While the sport is widely practiced in
several countries, scientific investigations focusing on its
biomechanical and physiological aspects remain relatively
scarce. By providing preliminary data on joint mobility
profiles in young athletes, this research contributes to filling
an existing gap in the literature and offers an initial reference
point for future investigations focusing on performance-
related variables in this discipline. In particular, the
integration of the different mobility parameters allows the
definition of a preliminary functional profile, in which upper
limb mobility, scapulo-humeral coordination, and trunk
flexibility interact within a unified movement system. This
integrative interpretation represents a first step toward the
formulation of a functional explanatory model, in which joint
mobility is conceptualized as a coordinated configuration of
segmental contributions rather than as a set of independent
variables.

From a practical perspective, the findings of this
study may have implications for training methodologies
in youth bocce programs. Coaches and trainers working
with young athletes may benefit from incorporating regular
assessments of joint mobility within their monitoring
protocols. Such evaluations could help identify individual
mobility limitations that might influence the execution
of technical gestures and could support the development
of targeted training interventions aimed at improving
functional mobility. In particular, mobility exercises focused
on the shoulder complex and trunk may represent useful

components of warm-up routines or complementary
conditioning programs designed to enhance movement
efficiency and prevent potential musculoskeletal imbalances.
Within this framework, mobility assessment may also
support process control, allowing coaches to monitor
functional adaptations and adjust training loads accordingly.
In line with the proposed functional model, training
interventions should aim not only at increasing mobility, but
at optimizing the balance and coordination among different
joint segments in order to enhance movement control and
technical consistency. This implies that training should avoid
a simplistic “more mobility is better” approach and instead
focus on achieving optimal functional ranges compatible
with the demands of precision performance.

Furthermore, the introduction of simple field-based
mobility tests, such as those used in the present study, may
represent a practical and accessible tool for monitoring the
functional development of young athletes over time. These
assessments require minimal equipment and can be easily
implemented during training sessions or evaluation camps,
providing coaches with valuable information about the
physical readiness and functional status of their athletes.
When interpreted within a functional framework, these
measures may support the identification of imbalances
between segmental contributions, offering actionable
insights for individualized training adjustments.

Despite these potential applications, the present
study also presents several limitations that should be
acknowledged. First, the relatively small sample size limits
the statistical power of the analyses and the generalizability
of the findings. Second, the cross-sectional design does not
allow the examination of causal relationships or the evolution
of mobility characteristics over time. Third, the study did
not include direct measures of technical performance (e.g.,
accuracy, consistency, or competition outcomes), which
limits the possibility of establishing a direct link between
joint mobility and performance effectiveness. Finally, the
functional profiles and mobility balance configurations
proposed in this study are exploratory in nature and should
be interpreted as preliminary conceptual tools rather than
definitive or normative thresholds. Future research could
also explore the longitudinal development of mobility
characteristics in young athletes practicing the Raffa
specialty, examining how training exposure and technical
experience influence functional adaptations over time.
Moreover, comparative studies involving athletes from
different levels of expertise or different bocce specialties or
different disability and context (Di Palma et al., 2025; Latino
et al., 2023) could provide further insights into the role of
joint mobility within the broader performance model of this
sport. Such investigations may contribute to refining the
proposed functional framework and to identifying more
precise criteria for the optimal organization of mobility
within the movement system.

Therefore, the present study provides preliminary
evidence regarding joint mobility characteristics in young
athletes practicing bocce in the Raffa specialty. The findings
highlight variability in shoulder and trunk mobility
parameters and suggest potential gender-related differences
in flexibility levels. More importantly, the results support an
interpretation of joint mobility as a system of interrelated
functional components, rather than isolated variables. In
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particular, the study contributes to the conceptualization of
joint mobility as a coordinated functional configuration that
mediates the relationship between movement amplitude and
control within the technical gesture of the Raffa specialty.
Although exploratory in nature, the results contribute to
the emerging scientific understanding of the functional
aspects of bocce performance and underline the potential
importance of mobility assessment within youth training
contexts. Further research involving larger samples and
more comprehensive performance analyses will be necessary
to clarify the role of joint mobility within the technical and
functional demands of this precision sport.

Conclusions

The present pilot study examined joint mobility
characteristics in young athletes practicing bocce in the
Raffa specialty. The results highlighted a certain variability
in shoulder and spinal mobility within the analyzed sample
and suggested some differences between male and female
participants, particularly in trunk flexibility values. These
findings contribute to outlining an initial functional profile
of mobility parameters in youth bocce players. In particular,
the results support the interpretation of joint mobility as
a set of interrelated components within the movement
system, rather than isolated variables. More specifically, the
study supports the conceptualization of joint mobility as
a coordinated functional configuration involving shoulder
mobility, scapulo-humeral control, and spinal flexibility,
whose interaction contributes to the regulation of movement
amplitude, stability, and precision within the technical
gesture of the Raffa specialty. Within this framework, joint
mobility emerges as a non-linear factor, whose contribution
to performance depends on its capacity to operate within
functional ranges compatible with the demands of control
and accuracy. These findings support a preliminary
integrative rule according to which the functional value of
joint mobility in the Raffa specialty depends on the balance
and coherence among segmental components rather than
on the maximal value of any single parameter. More broadly,
the study suggests that the repeatability of the Raffa technical
gesture is mediated by the capacity of the movement system to
maintain a stable balance between movement amplitude and
control through coordinated intersegmental contributions.

Although the study did not directly examine the
relationship between joint mobility and technical performance,
the results offer useful information about the functional
characteristics of young athletes involved in this discipline.
From a functional standpoint, joint mobility may be considered
a regulatory factor influencing the balance between movement
amplitude, coordination, and postural control during the
execution of the technical gesture. Accordingly, joint mobility
should be interpreted as a resource operating under specific
functional conditions, in which both insufficient levels may
limit movement amplitude and adaptability, and excessive
levels may reduce segmental stability and fine motor control,
ultimately affecting the consistency and precision of the gesture.
In this perspective, the effectiveness of joint mobility depends
on its integration within the movement system rather than on
the isolated magnitude of individual parameters, highlighting
the importance of coordinated segmental contributions. In this
perspective, the assessment of joint mobility may represent a

valuable component within the monitoring processes of youth
training programs. This approach may also support process
control, allowing practitioners to identify functional limits and
adjust training interventions accordingly. Accordingly, training
strategies should aim not only to improve mobility levels, but
to optimize the balance and interaction among different joint
segments in order to enhance movement control and technical
consistency. This implies moving beyond a linear interpretation
of mobility and focusing instead on the identification and
maintenance of optimal functional ranges.

Given the exploratory nature of the research and
the limited sample size, further studies involving larger
samples and additional performance-related variables will
be necessary in order to better understand the role of joint
mobility within the technical and functional demands of
the Raffa specialty. Future research should aim to integrate
mobility assessment with biomechanical and performance
indicators in order to refine the explanatory model and define
more precise functional thresholds. In this sense, the present
study provides a preliminary step toward the development
of a functional explanatory model of joint mobility in
bocce, in which mobility is interpreted as a system-level
factor contributing to the organization and reproducibility
of the technical gesture. Thus, the study contributes not
only to describing joint mobility characteristics, but to
proposing a functional interpretation of mobility as an
intersegmental configuration that mediates the relationship
between movement amplitude and execution control in
precision performance. In particular, the study contributes
to establishing the principle that the effectiveness of joint
mobility lies not in its maximization, but in its functional
calibration within the movement system.
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Mera gocnimkeHHA. boude € BUIOM CIIOPTY Ha TOYHICTD, 1O MOTPeOye KOOPAMHALII Ta TeXHIYHOTO KOHTPOMO. Y
aucrutidi «Paddar 0co611BO BXINBIMY € KOOPAVHAL[iS BEPXHIX KiHI[IBOK i OCTypaibHuUiT KOHTponb. HesBarkaroun
Ha IIMpPOKe MOIMIMPEHHS LbOTO BUAY CIOPTY, ZOCIMKeHHS (PYHKIIOHATbHUX XapaKTePUCTUK IOHNUX CIIOPTCMEHiB
3a/IMIIAI0ThCsA 06MexxeHnMM. Lle molryKoBe aHaITHYHE TiNMOTHE JOCTIIKEHHA MajIo Ha MeTi BUBYUTU PYX/IUBICTb CYITIO6iB
AK PyHKIiOHaNbHY KOH(DIrypaliio B Me)XXaX pyX0oBoi CHCTEM, 110 IeKUTb B OCHOBI TexHiuHOTO >KecTy Padda.

Marepianu Ta MeTopu. [BajlATh IU'ATbh CIIOPTCMEHIB BikoM 14-18 pokiB Oynmm o6CTeXxeHi mij yac perioHalIbHMX
TPeHyBa/IbHIX 3aXO0AiB, opraHisoBannx Komiterom 60ude Kammnanii. PyxnmBicTs cyrno6is orjiHoBam 3a fOMOMOTOI0 TPOX
HOJIbOBYX TECTIB: TECTY PYX/IMBOCTI IIEYOBOTO CYITI06a, TECTY CKAIy/I0-TyMepanbHOI PYXIMBOCTI 3 pOTALli€l0 Mamnii Ta
TeCTy Haxmny Tynayba BIeper y HOIOXKeHHI cupsdn. Byno po3paxoBaHO OMMCOBY CTaTUCTUKY, t-Kputepiit CThiofieHTa
I HesanmeXHUX Bubipok i xoperanil Ilipcona. [l OLiHIOBaHHS {HTETPaTMBHOI CTPYKTYPU ITapaMeTpiB PyXIMBOCTI
3aCTOCOBYBamM TecT chepndHocTi bapTaerra Ta gocnigHuIbKuit koedinieHT ambda Kponbaxa.

PesynbraTi. BusAB/IeHO CTAaTMCTUYHO 3HAYYIL BIAMIHHOCTI Y CKaIy/1o-ryMepajbHill pyX/IMBOCTI Ta THYYKOCTi Xpe6Ta,
TO/ IK BIAMIHHOCTEI! y PyX/IMBOCTI IJIEI0BOTO Cyro6a He BcTaHOBIeHO. Kopersirtauit anais mokasas cnabxi ta momipHi
B3a€MO3B A3KM MK 3MinHmMu. Tect Baprrerra (x%3=9.63, p=0.022) i koedinient anpda Kponbaxa 0.65 migreepmumn
HasABHICTb iHTErPOBAHOI CTPYKTYPU PYXIMBOCTI, 10 CBIJYMUTD IIPO B3a€MO3A/IEXKHICTh MK CETMEHTaMMU.

BucHoBKkH. PyxmuBicTh Cyrno6iB BUCTyIIA€ HEMIHIMHUM, KOHTEKCTHO-3a/IOKHIM PeCYPCOM, SKIIT MO>Ke BUKOHYBATH
AK QyHKIiI0 CIIpUAHHA, TaK i PYHKIII0 OOMEXeHHs 3a/leXHO Bif piBHA iHTerpanil B pyxoBy cucteMmy. OyHKLiOHa/IbHA
edeKTUBHICTb TeXHIYHOrO XecTy Padda 3ame>xnts Bix 6amaHCy MK IIEYOBYIMH, CKAITy/IO-TyMepaIbHUMI Ta CIIHa/IbHIMU
KOMIIOHEHTAaMM, a He BiJl OKPEMIX MaKCHMMa/IbHYX ITOKa3HMKIB. Y JOCIi/I>)KeHH] 3aIIPOITIOHOBAHO ITOTIEPEJHIO TOACHIOBANIbHY
MOJI€IIb, Y SAKiil pyXIMBIiCTb CYII06iB OIIOCEPENKOBYE B3aEMO3B 130K MK aMIITITY/OI0 PYXY Ta KOHTPOJIEM.
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Abstract

Background. A scientific contradiction exists in kumite preparation: HIIT (metabolic-dominant via AMPK/PGC-1a)
and plyometric training (neuromuscular-dominant via SSC) are theoretically predicted to produce distinct adaptation
patterns, yet empirical literature reports only isolated effects without explanatory models of adaptation transfer to

karate-specific fitness demands.

Objectives. This study aimed to compare the effects of conventional High-Intensity Interval Training (HIIT) and
plyometric training using the Every Minute on the Minute (EMOM) format on physical fitness and body composition

in male karate athletes aged 18-19 years.

Materials and Methods. Forty-four male karate athletes (aged 18-19 years) from the Polda DIY Karate Club were
assigned to a quasi-experimental two-group pretest-posttest design, completing HIIT (n = 22) and plyometric-
EMOM (n = 22) training over 8 weeks. Physical fitness was assessed using the Indonesian Physical Fitness Test
(TKJI); body composition was measured using a Tanita BC-545N.

Results. Both groups improved substantially (p < 0.001). Significant TimexGroup interactions were observed for
TKJIL, body fat, and body weight (all p < 0.001), with a moderate interaction for FFM (p = 0.028). The HIIT group
demonstrated greater TKJI gains (A = +3.09 vs. +0.95), while the plyometric-EMOM group produced greater

fat loss (A = —5.36% vs. —4.29%). Extremely large effect sizes (Cohen’s d up to 6.80) reflect low variance within a
homogeneous single-club sample rather than universal biological effects.

Conclusions. HIIT is superior for physical fitness via metabolic-cardiovascular pathways, whereas plyometric-
EMOM excels in fat reduction via SSC-driven eccentric energetics, confirming the Dual-Pathway Specificity Model.
These findings are context-specific to elite junior male karate athletes and require further validation for broader

generalization.

Keywords: high-intensity interval training, plyometric EMOM, karate, physical fitness, body composition.

Introduction

Karate, as an intermittent combat sport, requires a
combination of aerobic-anaerobic capacity, lower-limb
muscle power, speed, agility, and high technical coordination;
therefore, physical fitness and body composition are critical
determinants of performance, particularly in young athletes

© Rahmawan, W. A., Sumaryanto, S., Sumarjo, S., &
Nevitaningrum, N., 2026.

@ PETM
f LLCOVS

aged 18-19 years who are entering the phase of competitive
specialization (Martinez-de-Quel et al., 2020; Przybylski
et al,, 2021). The theory of training adaptation (specificity
principle) predicts that HIIT will dominate metabolic-
cardiovascular adaptations through stimulation of the
AMPK/PGC-1a pathway and repeated lactate accumulation,
producing body composition changes (|fat, 1VO,peak)
crucial for kumite endurance. Conversely, plyometric
training via the stretch-shortening cycle (SSC) should excel
in neuromuscular adaptations ({rate of force development/
RFD, tendon stiffness), essential for explosive movements
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such as kicks and rapid defensive techniques (Kons et al.,
2023; Laidi et al., 2025).

The demands of kumite competition are non-uniform
(with fluctuating rhythm and intensity), characterized
by a dominant aerobic contribution while still requiring
anaerobic capacity for high-intensity offensive and
defensive actions that determine match outcomes. A
scientific contradiction arises in adolescent karate athletes
who require a holistic balance of both adaptations for
kumite performance. HIIT (metabolically-dominant) and
plyometric-EMOM (neuromuscular-dominant) protocols
are theoretically predicted to produce distinct adaptation
patterns; yet empirical literature reports only isolated effects
without explanatory models of why one protocol fails to
transfer to karate-specific fitness demands. This leaves the
transition from «unknown> to <knowledge-how> of training
adaptations unresolved (Rezaei et al.,, 2024; Ojeda-Aravena
et al,, 2023). The specificity principle demands that training
stimuli match kumite’s metabolic demands (HIIT) versus
neuromuscular demands (SSC); this mismatch in adaptation
transfer challenges our understanding of combat sport-
specific adaptations (Rezaei et al., 2024; Ojeda-Aravena et
al., 2023).

This contradiction is further compounded by the role of
body composition in kumite performance. Anthropometric
characteristics such as relatively low body fat levels and
adequate fat-free mass are associated with strength-to-
weight ratio, movement efficiency, and the ability to execute
explosive techniques, while fitness profiles (e.g., high
VO,peak, maximal strength, and muscular endurance) form
an important baseline for designing effective individualized
training programs (Da Costa Silva et al., 2020; Nema et
al., 2024). It remains unclear whether metabolic-focused
(HIIT) or neuromuscular-focused (plyometric-EMOM)
interventions produce superior body composition outcomes
in young karate athletes a dimension that directly connects
to resolving the adaptation specificity contradiction.
Although karate athletes generally exhibit fitness levels
above those of their age-matched peers, appropriate training
load management remains necessary to minimize the risk
of overreaching and to maintain optimal body composition
during phases of competitive intensification (Aziz et al.,
2025).

Various sport-specific training interventions lasting
4-12 weeks (2-3 sessions/week), such as HIIT, plyometric
training, circuit bodyweight training, and concurrent
training, have been reported to improve key performance
components (e.g., sprinting, vertical jumping, agility, and
aerobic-anaerobic capacity) without excessively increasing
training volume (Ojeda-Aravena et al., 2023; Xu & Wang,
2025; Fadhila et al., 2024). However, these studies report
outcome differences without mechanistic explanations
precisely the explanatory gap at the core of the present
contradiction. Two approaches commonly used to support
kumite performance are high-intensity interval training
(HIIT) and plyometric training. HIIT stimulates aerobic-
anaerobic adaptations through metabolic and cardiovascular
stress, thereby enhancing VO,max and tolerance to high-
intensity work (Rezaei et al., 2024; Wiesinger et al., 2025). In
contrast, plyometric training exploits the stretch-shortening
cycle (SSC) to improve power, neuromuscular reactivity, and
muscular coordination, which are directly relevant to the

explosive movements required in combat sports (Kons et al.,
2023; Ojeda-Aravena et al., 2023).

Along with the evolution of training practices, the every
minute on the minute (EMOM) format has been increasingly
adopted to “package” training sessions, as participants
initiate a task at the beginning of each minute and use the
remaining time within that minute as a rest period, allowing
training density and inter-work intervals to be efficiently
standardized (Laidi et al., 2025). Critically, the EMOM
structure by standardizing training density and work-to-
rest ratio provides a controlled experimental condition to
isolate whether neuromuscular versus metabolic stimuli
produce differential adaptation transfer to kumite-specific
fitness, directly addressing the unresolved contradiction
identified above. Conceptually, controlling training density
and work-to-rest ratio is expected to help maximize
specific physiological adaptations while reducing the risk of
cumulative fatigue in young athletes.

Therefore, this study tests the mechanism-based hypothesis:
(1) Plyometric-EMOM will be superior for neuromuscular
adaptations (power, agility) via SSC-matching kumite demands;
(2) HIIT will excel in body composition changes via metabolic
pathways; (3) A predictive model of karate adaptation =
f(metabolic vs neuromuscular + kumite specificity), generating
‘knowledge-how’ for karate training programs.

Materials and methods

Participants

A total of 44 male karate athletes (young police officers)
from a single competitive club the Polda Special Region of
Yogyakarta Karate Club, Indonesia, aged 18-19 years, were
recruited using purposive sampling to ensure uniform
training history and technical background, as required for
controlled comparison of protocol-specific adaptations
(M = 18.5 + 0.5 years; height 172.1 + 1.7 cm; body weight
70.6 + 2.0 kg; BMI 23.8 + 0.7). This single-club, narrow-
age (18-19y) design deliberately ensured high homogeneity
in training history, technical proficiency, and baseline
fitness, minimizing between-subject variability to isolate
protocol-specific effects (HIIT vs plyometric-EMOM) while
acknowledging limited external validity beyond this specific
population and training context. Inclusion criteria were: (1)
a baseline TKJI score of 14-21, (2) BMI between 18.5 and
24.9 kg/m?, and (3) free from musculoskeletal injury for at
least 6 months prior to the study. Exclusion criteria included
a history of cardiovascular or respiratory diseases limiting
high-intensity exercise, use of medications affecting exercise
responses, failure to complete either the pretest or posttest,
and training attendance <80% of total sessions.

Consequently, the high within-group homogeneity of
this sample is expected to produce artificially low variance,
which directly inflates t-values and Cohen’s d estimates
reported in the Results; these should therefore be interpreted
as sample-specific rather than universal biological effects.

Research design and organization

This study employed a quasi-experimental two-group
pretest-posttest design with an active comparison group,
comparing two training protocols (conventional HIIT
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targeting metabolic adaptations vs. plyometric-EMOM
targeting SSC-mediated neuromuscular adaptations)
without a non-intervention control group. The overall study
design and experimental flow are presented in Figure 1. The
intervention was conducted over 8 weeks with a frequency
of 2 sessions/week and a duration of 35-40 minutes/session.
Training intensity was targeted at an RPE of 15-18 (hard to
very hard) during the main training segment.

Recruitment and Screening

Criteria: Male karate athletes aged 18-19
years; (1) baseline TKJI score 14-21, (2)
BMI 18.5-24.9 kg/m?, and (3) free from
musculoskeletal injury for at least 6
months.

!

44 Polda DIY Karate Athletes met
the Inclusion Criteria

!

Pretest (Baseline)

TKIJI Test and Body Composition
(% Body fat, FFM)

Allocation Assignment
(Quasi-Experimental)
2 sessions/week; 35-40 minutes/session 2 i ek; 35-40 mis i
RPE 15-18; Attendance > 80% RPE 15-18; Attendance > 80%
Sprint intervals + shuttle/tabata Plyometric jump-EMOM

[
: Posttest (Baseline)
|
TKIJI Test and Body Composition

(% Body fat, FFM)

'

Data Analysis

Mixed ANOVA 2x2; Simple
effects (Bonferroni);
ANCOVA (sensitivity)

Fig. 1. Research Flows

Measurements were conducted at pretest and posttest
for physical fitness and body composition. Physical fitness
was assessed using the Indonesian Physical Fitness Test
(Tes Kesegaran Jasmani Indonesia, TKJI), which includes
a 60 m sprint, pull-ups, 30 s sit-ups, vertical jump, and a
1200 m run (total score range: 5-25). Body composition was
measured using a Tanita BC-545N (bioelectrical impedance

analysis/BIA) to obtain body fat percentage (% body fat), fat-
free mass (FFM), and body weight (Son et al., 2024). Body
composition measurements were performed at a consistent
time (08:00 a.m. local time), barefoot, wearing light clothing,
and supervised by the same trained assessor; the device was
calibrated and verified according to laboratory procedures
prior to data collection, and readings were repeated only in
cases of device error or unstable electrode contact.

Controlled variables for both groups included an ad
libitum diet (no specific dietary intervention), a minimum
attendance requirement of 80%, and weekly RPE monitoring
to maintain consistency of training stimulus across sessions
and between groups. All pretest and posttest measurements
were conducted using standardized test order and verbal
instructions delivered by the facilitator, with rest intervals
kept consistent across all testing sessions.

Intervention protocols

Conventional HIIT group (n =22)

The HIIT protocol specifically targeted metabolic-
cardiovascular adaptations (AMPK/PGC-1a activation
via repeated lactate accumulation) to match kumite’s
prolonged aerobic-dominant energy demands. The HIIT
group performed progressive sprint interval training (8-
12 repetitions; 30-40 s sprint with 75-90 s recovery) and
shuttle runs based on Tabata metabolic conditioning (10-16
repetitions; 20 s work with 30-40 s rest). Sessions lasted
35-40 minutes, 2x/week for 8 weeks. The detailed weekly
structure and progression of the training program are
presented in Table 1.

Plyometric EMOM group (n =22)

The plyometric-EMOM protocolisolated neuromuscular
adaptations via stretch-shortening cycle (SSC) mechanisms
(TRFD, tendon stiffness) to match karate’s explosive
offensive-defensive techniques. The plyometric-EMOM
group performed high-intensity jump sequences using the
every minute on the minute (EMOM) format for 10-15
minutes (depending on week/progression), including box
jumps (30-50 cm), depth jumps, hurdle hops, and lateral
bounds. Sessions lasted 30-35 minutes, 2x/week for 8 weeks.
The weekly structure, progression of contact volume, and
drill variations are presented in Table 2.

Table 1. Weekly Structure of Conventional HIIT (2 sessions/week, 8 weeks)

Week Day 1 (Monday) Day 2 (Thursday) Intensity Progression Main Effect

1-2 8x(30s sprint/90s walk) 10x(20s shuttle/40s rest) 80-85% HRmax 1 VO,max
4x(200m run/2min rest) 3x(4min tabata pushup-squat)

3-4 10x(30s sprint/90s walk) 12x(20s shuttle/40s rest) 85-90% HRmax 1 anaerobic power
4x(250m run/2min rest) 4x(4min tabata)

5-6 12x(30s sprint/75s walk) 14x(20s shuttle/35s rest) 90% HRmax 1 sprint endurance
5x(250m/90s rest) 4x(5min tabata)

7-8 12x(40s sprint/75s walk) 16x(20s shuttle/30s rest) 90-95% HRmax Peak aerobic capacity
5x(300m/90s rest) 5x(5min tabata)

*Primary Method: Sprint intervals + metabolic conditioning | Duration: 35-40 minutes/session
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Table 2. Weekly Structure of Plyometric EMOM (2 sessions/week, 8 weeks)

Day 1 (Tuesday) EMOM 10-

Day 2 (Friday) EMOM 12-15

Week . . Volume Progression Main Effect
12 minutes minutes

1-2 Minutes 1-10: 5 box jumps (30 Minutes 1-12: 4 depth jumps ~ 40-50 contacts 1 reactive strength
cm) (30 cm)
Minutes 11-12: 6 hurdle hops + 30 s rest/set

3-4 Minutes 1-12: 6 box jump (40 Minutes 1-15: 5 depth jump (40 60 contacts 1 explosive power
cm) cm)
Minutes 13-15: 8 singleleg ~ + lateral bounds
hops

5-6 Minutes 1-12: 7 drop jumps ~ Minutes 1-15: 6 depth jump (50 70-80 contacts 1 CoD + power
(40 cm) cm)
Minutes 13-15: 6 hurdle + stick+ CoD drill

7-8 Minutes 1-15: 8 reactive drop Minutes 1-15: 7 plyometric + 90+ contacts Peak SSC + agility

jumps
Karate-specific test

agility
Performance test

*Main method: EMOM jump-landing sequence | Duration: 30 minutes/session

Facilitators and training

The training intervention was delivered by two certified
strength and conditioning practitioners and two karate
coaches affiliated with the POLDA DIY karate club (total
n = 4 facilitators). Prior to the intervention, all facilitators
completed an 8-hour standardization workshop led by the
research team to ensure consistent session delivery across
groups.

The workshop covered: (1) safety procedures and injury
prevention (warm-up/cool-down, sprint mechanics, jump-
landing techniques, and load progression); (2) internal
load monitoring using the Borg RPE Scale with a target of
15-18 for the core sets; and (3) session management (time
regulation, enforcement of work-rest intervals, and criteria
for stopping or modifying exercise in the presence of pain,
dizziness, or excessive fatigue).

To standardize data collection, facilitators were trained
in unified protocols for administering the TKJI test battery
and assessing body composition using the Tanita BC-545N,
including equipment calibration checks, standardized
verbal instructions, consistent test order, and identical rest
intervals. Attendance and weekly RPE were recorded using
standardized logbooks, and participants were required
to achieve >80% session attendance to be included in the
analysis.

Monitoring instruments are provided in the Appendix/
Supplement to support replication and transparent reporting
of implementation fidelity.

Instrument

Body composition (Tanita BC-545N: %Body Fat, FFM)

Body composition was measured using the Tanita BC-
545N (BIA) to obtain % body fat, fat-free mass (FFM), and
body weight (Son et al, 2024). Measurements followed strict
hydration controls: 08:00 a.m. (fasted >10h), barefoot, light
clothing (<0.5kg), no exercise 24h prior, (urine specific
gravity <1.020) , supervised by trained assessor. Test-retest
reliability: ICC=0.95

Physical fitness (TKJI)

Physical fitness was assessed using the Indonesian
Physical Fitness Test (Tes Kesegaran Jasmani Indonesia;
TKJI) for adolescents aged 13-19 years. The TK]JI battery
comprises a 50-m sprint (speed), pull-ups (upper-body
strength), sit-ups (abdominal strength and endurance), a
vertical jump (explosive leg power), and a 1,000-m middle-
distance run for males and an 800-m middle-distance run
for females to assess cardiorespiratory endurance.

The validity and reliability of the TKJI have been
reported to be high, with a validity coefficient of 0.720 and
a reliability of 0.920 (Dulanlebit, 2020). Inter-rater reliability
was acceptable to high (ICC = 0.88; two-way random-effects
model, 20% subsample).

Statistical analysis

Data were analyzed using IBM SPSS version 26. Results
are presented as mean + SD, and statistical assumptions
were examined using the Shapiro-Wilk normality test and
Levene’s variance homogeneity test (two-tailed a = 0.05).
Intervention effects were tested using a 2x2 mixed ANOVA
(Time: pre, post x Group: HIIT, PLYO-EMOM) for each
outcome, with emphasis on the Time x Group interaction
and reporting F(df=1,42), p values, and partial n*.

Significant interactions were followed by planned
simple-effects analyses (pre-post within each group) with
Bonferroni adjustment (a = 0.025) and Cohen’s d effect sizes
calculated as d = |mean difference| / pooled SD W [(SD_pre?
+ SD_post®)/2]). ANCOVA on posttest values adjusted for
baseline (pretest as covariate) was conducted as a sensitivity
analysis with homogeneity of regression slopes verified
(all p > 0.05). Sample size was determined a priori using
G*Power (n = 22 per group; power = 0.90; f = 0.40; a = 0.05
for medium-large interaction effects).

Results

Twenty-two karate athletes were assigned to each
intervention group (HIIT, n=22; PLYO-EMOM, n=22).
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Measurements of physical fitness (TKJI) and body
composition (%Body Fat, FFM using Tanita BC-545N) were
taken at pretest and posttest after 8 weeks. The results are
presented as follows:

Table 3. Baseline Characteristics of Participants

. HIIT Plyometric EMOM
Variable (n =22) 4 (n=22)
Age (years) 18.45 +0.510 18.45 +0.510
Body height (cm) 172.23 £ 1.817 172.23 + 1.817
Body weight (kg) 70.50 £ 1.795 70.60 £ 1.795
BMI (kg/m2) 23.76 £ 0.167 23.79 £0.168
TKJI (Pre) 18.36 + 2.083 19.23 + 3.070
Lemak (Pre) 18.70 £ 0.807 18.67 £0.901
FFM (Pre) 57.36 £ 1.972 57.43 £2.008

Table 3 shows that the baseline characteristics of both
groups were descriptively similar across demographic,
anthropometric, physical fitness, and body composition
variables. Given the quasi-experimental design, this
similarity is not interpreted as evidence of “equivalence”;
therefore, effect interpretation relies primarily on mixed
ANOVA and is corroborated by ANCOVA.

Table 4. Normality Test (Shapiro-Wilk)

Variable

() Group p (Shapiro-Wilk)
Body weight gain HIIT 0.195
Body weight gain Plyometric EMOM 0.619
Body fat gain HIIT 0.159
Body fat gain Plyometric EMOM 0.111
FFM gain HIIT 0.290
FFM gain Plyometric EMOM 0.294
TKJI gain HIIT 0.184
TKJI gain Plyometric EMOM 0.417

The distribution of all primary variables was examined
using the Shapiro-Wilk normality test. All variables yielded
p-values > 0.05, indicating normal data distributions.
Accordingly, the use of parametric analyses was considered
appropriate.

Table 5. Homogeneity of Variances (Levene’s Test)

Levene’s test indicated that all p values were > 0.05,
suggesting homogeneous variances between groups and
no evidence of heteroscedasticity affecting between-group
comparisons.

Table 6 shows that both groups improved across all
outcomes from pretest to posttest. HIIT demonstrated
greater gains in physical fitness (TKJI: A = +3.09 vs. +0.95),
whereas the plyometric-EMOM group showed greater
reductions in body fat percentage (A = —5.36% vs. —4.29%)
and body weight (A = -2.46 kg vs. —1.28 kg). Changes in
FFM were comparable between groups (A = +1.84 kg vs.
+1.65 kg), consistent with the moderate interaction effect
observed in the mixed ANOVA

Based on Table 7, the main effect of Time was significant
and very large for all outcomes, indicating that both groups
changed from pretest to posttest. The extremely large
F-values (e.g., F=3837.997 for body fat) reflect low between-
subject variance characteristic of elite homogeneous samples
from a single karate club, rather than generalizable training
effects. Significant Time x Group interactions were observed
for TKJI, body fat, and body weight (all p < 0.001), as well
as for FEM (p = 0.028), indicating that the magnitude of
pre-post change differed between groups and that training
modality modulated adaptive responses. Practically, these
findings support specificity of effects: HIIT was more
favorable for improving TKJI, whereas plyometric EMOM
was more favorable for reducing body fat and body weight
(confirmed by simple-effects analyses).

Based on Table 8, all outcomes changed significantly
from pretest to posttest in both groups (all p < 0.001;
corrected a = 0.025), indicating that both protocols were
effective. However, extremely large t-values (e.g., t=113.376
for HIIT body weight; t=46.737 for HIIT body fat) and
Cohen’s d values (d=6.80, 5.96) are artifacts of extremely low
baseline variance (SD < 1% for body fat) in this single-club
homogeneous sample, rather than universal biological effect
magnitudes. Themagnitude of changediffered: improvements
in TK]JI were greater in the HIIT group (d=1.47) than in the
plyometric EMOM group (d=0.32), whereas reductions in
body fat and body weight were greater in the plyometric
EMOM group. Increases in FFM occurred in both groups
with moderate between-group differences (d=0.98 vs 0.80).
These context-specific effects align with metabolic (HIIT) vs
neuromuscular (plyo-EMOM) adaptation pathways.

Variable Levene’s (Sig.) Prior to ANCOVA, the assumption of homogeneity
Weight gain 0.284 of regression slopes was tested. No significant interaction
Fat gain 0.068 between group and baseline values was detected (p > 0.05),
FEM gain 0.205 indicating that the assumption was satisfied.
. ANCOVA results controlling for baseline values
TKJI gain 0.978 L. .
demonstrated significant between-group differences across
Table 6. PRE-POST MEANS by group
Variable HIIT Pre HIIT Post A HIIT Plyo Pre Plyo Post A Plyo
TKJI 18.36 + 2.083 21.47 +2.110 +3.09 19.23 +3.070 20.18 +2.986 +0.95
Body Fat (%) 18.70 + 0.807 14.41 £ 0.413 -4.29 18.67 £ 0.901 13.31 £ 0.892 -5.36
FFM (kg) 57.36 £1.972 59.21 + 1.769 +1.85 57.43 +2.008 59.08 +2.134 +1.65
Body Weight (kg) 70.50 £ 1.795 69.22 + 1.780 -1.28 70.60 + 1.795 68.14 + 1.966 -2.46

Note: A = difference between posttest and pretest. Extremely low baseline SDs (e.g., body fat SD < 1%) reflect single-club homogeneity
rather than population norms; interpret magnitude changes within this context. Negative values indicate a decrease; positive values

indicate an increase.
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Table 7. Mixed ANOVA (2x2) Results

Outcome Source F(1.42) P np’ Interpretation

TKJI Time 195.007 <0.001 0.823 Very large
TKJI Group 0.070 0.792 0.002 No effect
TKJI TimexGroup 54.383 <0.001 0.564 Very large
Body Fat (%) Time 3837.997 <0.001 0.989 Very large
Body Fat (%) Group 6.455 0.015 0.133 Moderate
Body Fat (%) TimexGroup 47.472 <0.001 0.531 Very large
FFM (kg) Time 1744.059 <0.001 0.976 Very large
FFM (kg) Group 0.002 0.964 0.000 No effect
FFM (kg) TimexGroup 5.216 0.028 0.110 Moderate
Body Weight (kg) Time 1098.418 <0.001 0.963 Very large
Body Weight (kg) Group 0.795 0.378 0.019 Small
Body Weight (kg) TimexGroup 109.893 <0.001 0.723 Very large

Note: Extremely large F-values (>1000) and np* > 0.95 primarily reflect artificially low variance (baseline SDs < 2) from highly
homogeneous single-club sample, not universal biological effects. np? interpretation: 0.01-0.05 = small, 0.06-0.13 = moderate, >0.14 =

large, 20.50 = very large effect.

Table 8. Planned Simple-Effects Comparisons (Bonferroni-adjusted o = 0.025) with Cohen’s d

Outcome Comparison  Mean Diff 95% CI t(df=21) P Cohen’sd  Interpretation
TKJIL HIIT +3.091 2.49, 3.68 10.803 <0.001 1.47 Very Large
TKJI Plyo +0.955 0.86, 1.04 21.000 <0.001 0.32 Small
Body fat (%) HIIT -4.286 -4.47, -4.09 46.737 <0.001 6.80 Very Large
Body fat (%) Plyo -5.359 -5.62, -5.09 42.595 <0.001 5.96 Very Large
FFM (kg) HIIT +1.840 1.73,1.95 35.924 <0.001 0.98 Large
FFM (kg) Plyo +1.650 1.51,1.78 24.984 <0.001 0.80 Large
Body weight (kg) HIIT -1.277 -1.30, -1.25 113.376 <0.001 0.71 Moderate
Body weight (kg) ~ Plyo -2.459 -2.69,-2.23 21.922 <0.001 1.31 Very Large

Note: Cohen’s d > 5.0 characteristic of highly homogeneous athletic cohorts (single club, narrow age range); interpret cautiously for

external validity. 95% CI calculations available upon request.

Table 9. ANCOVA Results (Posttest Adjusted for Baseline)

Adjusted Adj lfSted M.ean 2
Outcome Mean HIIT Pliometrik P np
EMOM
TKJI 21.85+0.41 19.78 +0.41 < 0.001 0.553
Body fat (%) 14.40 + 0.18 13.32+0.19 <0.001 0.635
FFM (kg) 59.23 £0.12 59.05£0.11 0.028 0.112
Body weight (kg) 69.27 £0.16  68.09+0.17 <0.001 0.727

all variables. The HIIT group exhibited higher adjusted
TKJI scores (p < 0.001, np*> = 0.553), indicating superior
improvements in physical fitness. Conversely, the plyometric
EMOM group showed lower adjusted body fat percentage
and body weight (p < 0.001; np* = 0.635-0.727), consistent
with greater fat loss efficacy .Differences in fat-free mass
were statistically significant but with small-to-moderate
effect sizes (p = 0.028; np”> = 0.112), suggesting relatively
comparable practical effects between groups. Large np”
values primarily reflect low baseline variability rather
than protocol superiority alone.Collectively, ANCOVA-

adjusted results provide context-specific support for the
mechanism-based hypotheses: HIIT superiority in physical
fitness (TKJI) is consistent with metabolic-cardiovascular
pathway activation, while plyometric-EMOM superiority
in fat reduction aligns with SSC-driven neuromuscular
and metabolic demands though generalization beyond this
homogeneous cohort requires caution.

Discussion

This study examined whether HIIT (metabolic-
dominant via AMPK/PGC-1a) and plyometric-EMOM
(SSC-neuromuscular dominant) produce differential
adaptation patterns in kumite-relevant fitness outcomes.
Both protocols produced significant pre-post improvements;
however, the direction and magnitude of adaptation differed
systematically by modality. HIIT demonstrated superior
improvements in physical fitness (TKJL: A = +3.09 vs. +0.95;
d = 1.47 vs. 0.32), while plyometric-EMOM yielded greater
reductions in body fat (A = -5.36% vs. —4.29%) and body
weight (A = -2.46 kg vs. —1.28 kg), with comparable FFM
gains across groups. These findings align with prior research
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showing HIIT’s edge in aerobic-related fitness metrics, while
plyometric protocols excel in fat loss due to higher SSC-
driven metabolic demands (Sarfraz et al., 2022; Chen et al.,
2025; Li et al., 2023).

Building on these modality-specific outcomes, a
cautious interpretation is warranted for the extremely
high t-value observed for body weight change in the HIIT
group (t = 113.376), which corresponds to an unusually
small standard deviation of gain scores (SD approximately
0.05 kg). These artifacts underscore the context-specific
nature of findings, aligning with methodological limitations
acknowledged in participant selection. This pattern likely
reflects the combination of a highly homogeneous sample
(male karate athletes aged 18-19 years from a single club
with identical training frequency, intensity, and session
structure), strict inclusion criteria (BMI 18.5-24.9), and
the absence of dietary manipulation, conditions that may
have naturally constrained inter-individual variability in
body weight response. When all participants undergo the
same standardized protocol under similar physiological
and environmental conditions, convergence of individual
responses is plausible, though the magnitude observed here
is at the extreme end of what would typically be expected.
Readers are therefore encouraged to interpret these values
within the context of this specific sample rather than as
generalizable population-level estimates.

The extremely large Cohen’s d values observed for
body fat percentage (HIIT: d = 6.80; plyometric-EMOM:
d = 5.96) similarly reflect the very small pooled standard
deviations of this outcome (SD approximately 0.60-0.70%),
rather than indicating implausibly large biological effects.
These small SDs are consistent with the homogeneous
sample characteristics and tightly controlled measurement
conditions described above. Mechanistically, HIIT’s
TKJI superiority reflects AMPK/PGC-la-mediated
mitochondrial biogenesis and upregulation of oxidative
enzyme activity, which directly enhance aerobic energy
turnover capacity matching kumite’s 60-70% aerobic energy
contribution during competitive bouts. Repeated lactate
accumulation across HIIT intervals further stimulates
cardiac output adaptations and buffer capacity, translating
into sustained high-intensity work tolerance as measured by
TKJI. Conversely, plyometric-EMOM’s superior fat loss is
explained by SSC-driven eccentric loading, which generates
greater mechanical strain per repetition, elevating EPOC
and post-exercise lipid oxidation beyond what is produced
by HIIT’s predominantly concentric work. Furthermore,
SSC-specific neural adaptations including increased motor
unit synchronization and enhanced tendon stiffness reduce
the metabolic cost of explosive movements, indirectly
improving energy efficiency during kumite-specific actions
such as rapid kicks and defensive transitions (Kons et
al., 2023; Ojeda-Aravena et al., 2023). These mechanistic
interpretations are consistent with the observed outcome
patterns and provide a plausible physiological basis for the
differential effects, though direct measurement of these
pathways (e.g., muscle biopsies, hormonal biomarkers) was
beyond the scope of the present study.

It should be noted that Cohen’s d is highly sensitive to
sample variance, such that in highly homogeneous samples
with standardized measurement protocols, even moderate
absolute changes can produce very large d values. These

effect sizes should therefore be interpreted as indicators of
within-group consistency of response rather than as direct
comparisons to effect sizes reported in more heterogeneous
populations. Overall, the results support the principle
of training specificity, as HIIT elicited stronger TKJI
gains and plyometrics drove superior body composition
shifts, consistent with Gonzalez-Galvez et al. (2024) and
Domaradzki et al. (2025), challenging broader claims of
HIIT’s universal superiority for body composition and
highlighting EMOM-structured plyometrics as a viable
alternative in combat sports.

The present findings support the hypothesis that HIIT
and plyometric-EMOM produce differential adaptation
patterns, with HIIT favoring physical fitness gains and
plyometric-EMOM favoring fat reduction in young male
karate athletes. This modality-specific pattern is consistent
with the mechanistic rationale underlying each protocol and
with the broader principle of training specificity (Rezaei et
al,, 2024; Ojeda-Aravena et al., 2023).

The single-club, narrow-age (18-19y) design maximized
internal validity but severely limits external validity to
diverse populations. .Several limitations temper these
promising findings. The quasi-experimental design without
randomization limits causal claims, as baseline differences
were adjusted via ANCOVA but unmeasured confounders
persist (Suhandoko & Hsu, 2020). No passive control group
precludes isolating effects from maturation or habitual
training, ethically justified but weakening internal validity.
The homogeneous sample (male karate athletes, 18-19 years,
n=44 from one club) and ad libitum diet inflate effect sizes
via low variance but restrict generalizability. The 8-week
duration may undervalue plyometric neuromuscular gains,
and lack of dietary control introduces energy balance
confounds.

Despite these constraints, the results offer actionable
insights for practitioners. Based on the empirical outcomes
observed, HIIT appears more suitable during training phases
prioritizing aerobic fitness and TKJI capacity development,
while plyometric-EMOM appears more appropriate during
phases requiring fatloss and body composition optimization.
Forkarate coachesand athletes, HIIT suits TKJI enhancement
during aerobic-focused phases, while plyometric-EMOM
optimizes fat loss without compromising training volume.
Implementation barriers include access to monitoring tools
(e.g., Tanita BC-545N) and adherence in non-club settings;
practitioners should standardize protocols and track RPE
for fidelity (Taylor et al., 2015). These modality-specific
recommendations are most actionable when applied to
samples with characteristics analogous to the present study
elite junior male athletes under standardized supervised
conditions and should not be generalized to recreational or
mixed-sex populations without further empirical validation.

In conclusion, the findings affirm modality-specific
adaptations, aligning with literature on training specificity
(Li et al.,, 2023) but contradicting HIIT’s presumed body
composition dominance (Sarfraz et al., 2022). New insights
include EMOM plyometrics’ superior fat/weight loss in
homogeneous athletic samples, with extreme effect sizes
reflecting protocol standardization rather than universal
effects. These results contribute to the evidence base for
EMOM-structured plyometric training in combat sports
and provide preliminary empirical support for modality-
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specific programming in karate, while acknowledging that
further studies with larger, more diverse samples are needed
to confirm and extend these findings.

Future studies should empirically test the mechanistic
pathways suggested here using appropriate biomarkers and
physiological measures with karate-specific metrics and
biomarkers to validate pathways. Looking ahead, future
studies should employ RCTs with passive controls, longer
durations (212 weeks), dietary standardization, and diverse
samples (e.g., females, other combat sports) to confirm
generalizability (Nianogo et al., 2023). Incorporate karate
metrics (e.g., kumite agility, biomarkers) and mechanistic
probes (e.g., hormones) to explore adaptations, addressing
gaps in external validity and plyometric timelines. This
forward-looking agenda builds directly on the current
study’s contributions, ensuring progressive advancement in
exercise science for combat athletes.

Conclusion

This study resolved the scientific contradiction between
HIIT (AMPK/PGC-1a metabolic pathway) and plyometric-
EMOM (SSC neuromuscular pathway), confirming the Dual-
Pathway Specificity Model: Adaptation = f(metabolic + SSC
+ kumite specificity). HIIT produced greater improvements
in physical fitness (TKJI) via aerobic-cardiovascular
adaptations, while plyometric-EMOM yielded greater
reductions in body fat percentage and body weight via SSC-
driven eccentric energetics. Both protocols increased fat-
free mass with comparable between-group differences. From
an applied perspective, HIIT may be prioritized during
fitness development phases, while plyometric-EMOM is
recommended during body composition optimization
or weight-category adjustment phases within karate
periodization. These findings are context-specific to elite
junior male karate athletes from a single club and should
not be generalized to recreational, female, or mixed-combat-
sport populations without further empirical validation.
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BNCOKOiHTEeHCMBHE iHTepBaJsibHe TPeHYBaHHA NPOTU
nniomMmeTpuYHOro TpeHyBaHHA y ¢opmarti EMOM:
NOpPIiBHAHHA BMINBY Ha cKnap Tina ta pisnyHy
niaroToBNeHicTb KapaTucrie Bikom 18-19 pokis

inmi Amimac PaxmaBan , Cymap’ssHTO , Cymapmxo , HeBiTaHIHIpYM
B A]:[ P 1ABCE Cy > 1ADE Cy JI 1ADE H y 2ACD

'VuiBepcuTer mrary KoK AkapTa
*VuiBepcuret CiniBaHTi

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

Pedepar. Crarrst: 10 c., 9 Tabm., 1 puc., 22 mxepena.

OO6rpyHTyBaHHA. Y HiArOTOBI KyMiTe iCHy€ HayKOBe IIPOTUPIv4sA: TEOPETUIHO Iependadaerncs, o BIIT (i3 sominyBaHHAM
MeTaboniuHoro ¢axropa depes curanu AMPK/PGC-1a) Ta mioMeTpuyHi TpeHyBaHH (i3 JOMiHYBaHHAM HEpBOBO-M A30BOTO
¢dakTopa Yepes UMK/ pO3TATYBaHHA-CKopodeHHss — [IPC) BUK/IMKAIOTh BiMiHHI MOfjeni afjanrarii, IpoTe B eMIIIPUYHII JIiTe-
parypi HOBiOM/ISAETbCA NMullle PO i30/1boBaHi edekTy 6e3 MOACHIOBAIPHNUX MOJENell IepeHeceH A afamnTalil Ha crenudivui
BuMoOry Gi3NdHOI MirOTOBIEHOCTI B Kapare.

Merta pocnigxenns. [locnifgykeHHA MaIo Ha MeTi HOPiBHATY BIUVIMB TPAAUILIiIHMX BUCOKOIHTEHCUBHUX iHT€PBA/IbHUX TPEHY-
BaHb (BIIT) Ta mniomMerprunux rpenyBanp y popmari EMOM (BMKOHAHHS [IEBHOI KIIBKOCTI BIIPaB Ha II0YATKy KOKHOI XBVJ/IVHIA)
Ha isVyHy IMiAroTOB/IEHICTD 1 CK/Iaf Tina KapaTUCTiB 4o/moBivoi cTaTi BikoM 18-19 pokis.

Marepianmu ta Metogy. COpOK 4OTMPYM KapaTUCTu 40/10Biuoi cTati (Bikom 18-19 pokiB) i3 kny6y “Polda DIY Karate Club”
Oymu 3amydeHi o KBasieKCIepMMEHTATIbHOIO JOCTIKEHHS 32 IBOIPYIIOBOI0 CXEMOIO IIPeTeCT-IOCTTeCT, BuKoHykoun BIIT (n
= 22) ta mwriomeTpnyHi TpeHyBaHHA y popmati EMOM (n = 22) nporarom 8 TiokHiB. OniHIOBaHHA (Qi3NYHOI MiATOTOBIEHOCTI
IIPOBefieHO 3a JoroMoro IHpoHesiicpkoro Tecty ¢isnynoi miprorosnenocti (TKJI); ckman Tina BumiproBanu 3a [JOIOMOTO0
aHaznizaropa Tanita BC-545N.

Pesynpraru. B 000x rpymax crioctepiranucs CyTTEBI MOKpaleHHs HoKasHuKiB (p < 0,001). 3Hauyily B3aEMO/i0 YMHHIKIB
«Yac x Ipyma» usasneno mist TKJI, xuposoi Macu ta macu Tina (yci 3Hadenns p < 0,001), a Takok HOMipHY B3aeMOfi0 1y 6e3-
xuposoi Macu tina (BMT, p = 0,028). Ipyna BIIT nmpomemonctpysana 6inpumit npupict y Tecti TKJI (A = 43,09 nmpotu +0,95),
TOfIi AK TPyIa IUTIOMeTPUYHOTO TpeHyBaHH:A Y popmari EMOM 3abesneunia By eeKTUBHICTD Y SHIDKEHH] >KMpoBoi Macu (A
= -5,36% nporu —4,29%). Hapzuuaitno Benuki posmipu edexry (d Koena o 6,80) BioOpakaloTb HUSBKY AUCIEPCII0 B MEXax
OfHOpiZHOI BUbipKM 3 OfiHOrO KIy6y, a He yHiBepcabHi 6iomoriuHi edexTi.

BucnoBxku. BIIT Mae mepeBary y mokparieHHi ¢isiyHoi MifIroTOBIEHOCTI 3aBAAKI MeTaboMiYHNM CepLeBO-CyAMHHNM MeXa-
Hi3MaMm, Toii AK ITioMeTpuyuHe TpeHyBaHHA y popmari EMOM BinsHavaeTbcs BUIOK eEeKTMBHICTIO Y 3HIDKEHHI BMICTY JXupy
3aBJIAKM €KCLeHTPUYHilT eHepreTuii, symoseiit IIPC, 1o migTBepmKye Mofienb MoABiitHOTO MIIAXY crienudivHocTi. OTpuMaHni
pe3ynbratil € crienivHNMM /ISl KOHTEKCTY HiITOTOBKY e/MiTHUX KapaTUCTiB I0HIOPCHKOTO BiKy Ta HOTPeOYIOTh MOJAIbIIO] Ba-
Jijanii 1714 MM pLUIOro y3araabHEeHH.

Kiro4oBi cmoBa: BUCOKOIHTEHCHBHE iHTepBa/bHE TPEHYBaHHS, IUTIOMETpUYHE TpeHyBaHH:A y popmari EMOM, kapate, ¢i-
3MYHa MTiATOTOBJIEHICTh, CKJIaJ TiNa.
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Abstract

Objectives. The study aimed to examine the impact of small-sided games (SSG) and high-intensity interval training
(HIIT) on selected physical and psychological variables among collegiate female field hockey players.

Materials and Methods. Thirty collegiate female field hockey players (age: 20.20 + 1.58 years) were randomly
selected and divided into an SSG group (n = 15) and an HIIT group (n = 15). Both groups participated in a six-week
training program (two sessions a week) alongside regular team practice. The SSG group played 4 vs 4 games on a

30 x 40 m field, while the HIIT group performed 15-s running bouts at 110% maximal aerobic speed (MAS) with
15-s passive recovery intervals. Pre- and post-intervention measurements were conducted for maximal aerobic speed,
agility (Modified T-test), neuromuscular power (five-jump test), enjoyment (PACES), and mood state (total mood
disturbance; TMD). Independent t-tests and ANCOVA (p < 0.05) were used for data analysis.

Results. No significant differences were observed at baseline (p > 0.05). Both groups enhanced MAS, but the SSG
group demonstrated greater improvements in agility and psychological variables. ANCOVA revealed significant
group effects for MAS (p = 0.014), agility (p = 0.002), PACES (p = 0.001), and TMD (p = 0.001), favoring SSG.
Neuromuscular power did not show any significant differences between the groups.

Conclusions. SSG yielded superior results in agility and psychological responses while being equally effective

in improving aerobic fitness. These findings confirm the application of SSG as an ecologically valid and effective

conditioning strategy for collegiate field hockey players.

Keywords: small-sided games, high-intensity interval training, field hockey, aerobic fitness, agility, PACES.

Introduction

Field hockey is characterized by intermittent high-
intensity activity patterns involving frequent accelerations,
decelerations, and rapid directional changes performed
in a dynamic competitive environment. Players perform
a range of activities during match play, including walking,
jogging, sprinting, and executing technical actions such
as passing, dribbling, and tackling. These demands place
considerable stress on both aerobic and anaerobic energy
systems (Spencer et al., 2004; Macutkiewicz and Sunderland,
2011). This therefore makes well-developed neuromuscular
performance, agility, and aerobic capacity crucial in

© Kalaivani S, & Mathew J, D., 2026.
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sustaining performance during competition. Besides
physical preparedness, psychological variables like pleasure,
motivation, and mood have been reported to be essential
determinants of training compliance and progress in
performance (Scanlan et al., 2014). Traditional conditioning
approaches in team sports have primarily relied on structured
running-based methods, especially high-intensity interval
training (HIIT), to enhance aerobic fitness. HIIT is typically
performed in repeated bursts of high- intensity running
separated by short intervals of rest, typically performed at
or close to anaerobic exhaustion rate. Previous research has
consistently demonstrated that HIIT has beneficial effects
on cardiovascular function, maximal oxygen uptake and
repeated sprint ability (Buchheit & Laursen, 2013; Iaia &
Bangsbo, 2010). Consequently, HIIT is now a common
means of creating physiological stress-inducing effects in
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training numerous team-based sports, such as soccer, rugby
and field hockey (Helgerud et al., 2001; Dupont et al., 2004).
As a result, HIIT has become a widely adopted method for
inducing physiological stress efficiently across various team
sports, including soccer, rugby, and field hockey (Helgerud
etal, 2001; Dupont et al., 2004).

Despite its physiological effectiveness, HIIT presents
several limitations when used in skill-based, open-field
sports. The majority of HIIT protocols rely on linear and
repetitive running patterns that do not entirely simulate
the multidirectional movement, the perceptual tasks and
decision-making processes of the competitive settings.
Consequently, gains in the physical capacity do not always
prove effective when it comes to sport-related performance
(Impellizzerietal.,2006). Furthermore, interval running may
be perceived as monotonous, which can decrease pleasure
and enthusiasm especially in a long-term training program,
and this can influence the participation and compliance of
the athlete (Halson, 2014).

As a reaction to such constraints, small-sided games
(SSG) have been developed as an alternative means of
training, that incorporates physical, technical, and tactical
aspects along with sport-specific context. Small-sided
games are a subset of the game that is played with a reduced
number of players and/or a smaller playing field, which
coaches can adjust the training intensity by varying the
number of players, size of the playing field, and the rules
of the game (Hill-Haas et al., 2011). Past studies, especially
on soccer, have demonstrated that SSG has the potential to
induce physiological responses just as intense as those that
high-intensity interval training can, such as increased heart
rate and duration of time spent in aerobic areas of training
(Dellal et al., 2012; Owen et al., 2012; Hill-Haas et al., 2009).

In addition to the physiological responses, small-sided
games offer a dynamic training environment which involves
constant interaction with team-mates and opponents, quick
reaction to decision-making, and frequent practice of
sport-specific skills. These features align with the ecological
theories of learning skills, in which perception and action
are intimately bound together in representative task-like
conditions (Davids et al., 2013). Subsequently, SSG could
lead to higher rates of transfer of training adaptations to
competition. Moreover, interactive and competitive features
of training in game form have been linked to increased
pleasure and intrinsic motivation than traditional methods
of conditioning (Selmi et al., 2020).

An upper hand in the reciprocation of similar results,
earlier studies in soccer and the other invasion sports
have shown where SSG-based training interventions have
led to aerobic fitness, agility and movement efficiency
improvements (Rampinini et al., 2007; Hill-Haas et al., 2009).
These are usually explained by the synergistic outcomes
of high-intensity motion patterns, repeated changes of
direction, and sport-specific motor requirements of the
game-based activities. Conversely, the traditional HIIT is
based more on the provision of physiological changes via
planned running, and little focused on motor variability and
the involvement of perceptions (Buchheit & Laursen, 2013).

However, as much as the scientific evidence surrounding
the effectiveness of small-sided games continues to increase,
there are some conceptual weaknesses in literature on
the topic. Comparisons of training methods have mainly

concerned outcome-based comparisons with little
consideration to the underlying mechanisms that create
these adaptations. Specifically, the role of physiological
load, neuromuscular coordination and cognitive-perceptual
demands in sport-specific training situations has not been
adequately addressed. Also, the studies exploring the
correlations between them in female field hockey athletes
are limited, even though the unique technical and tactical
features of this sport (Macutkiewicz and Sunderland, 2011).

From a mechanistic perspective, small-sided games can
be considered a combined training stimulus that stops at the
same time to interact with several systems of adaptation.
In contrast to HIIT that mainly causes cardiovascular and
metabolic loads by using predetermined patterns of running,
SSG presents uninterrupted perception action coupling,
reactive decision-making, and bidirectional movement.
All these factors could lead to better neuromuscular
coordination, higher adaptability in movements, and
elevated psychological involvement. Thus, variations in
training responses between SSG and HIIT may not be solely
attributed to training intensity but also the interplay between
physiological, motor and cognitive demands.

Here, the choice of outcome variables can be considered
to be a system of adaptation in itself. Maximal aerobic
speed (a measure of cardiovascular performance), agility
(neuromuscular coordination and change-of-direction ability),
and neuromuscular power (capacity to produce explosive
force) are all indicators of neuromuscular fitness. Variables
of an affective nature like enjoyment and mood state can give
us a glimpse into the psychological factors that affect training
adherence and performance maintenance. A combination of
these variables will make it possible to evaluate the training
effectiveness in a multidimensional manner, including
physiological, motor, and psychological aspects. Although there
has been an increased literature of research on the comparison
of small-sided game and high-intensity interval training, the
scientific problem is not well described. The available literature
has mainly centred on the comparison of outcomes, whereas the
mechanistic premise of adapting physiological, neuromuscular
and psychological systems in female field hockey players has
been dissatisfactory.

Therefore, the aim of the current study was to compare
the differences in six weeks of mini-games and high-intensity
running on the chosen physical and psychological indicators
among the female athletes of field hockey in collegiate
institutions. In detail, the maximal aerobic speed, agility,
neuromuscular power, enjoyment, and mood state were
measured before and after the intervention. The hypothesis
was that both training approaches would enhance aerobic
fitness, and the small-sided games would yield more during
agility and psychological reactions as they are sport-specific
and interactive.

Materials and Methods

Study Design

In the current research, one applied experimental
design was the randomised pre-test and post-test that was
used to study the functioning of two conditioning stimuli,
including small-sided games (SSG) and high-intensity
interval training (HIIT), on a chosen set of physical and
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psychological variables of the impact of these programmes
on the chosen group of participants in the case of the study of
collegiate women in the field hockey team. The respondents
were chosen randomly to be put in an experimental group
that exercised SSG or a control group that exercised HIIT.
The two groups went through a coordinated six weeks
conditioning programme besides their normal field hockey
practice. The pre-intervention experiments were done a
week prior to the commencement of the training programme
whereas the post-intervention tests were taken right after the
six weeks of the intervention. The study design enabled the
comparison to be made on effectiveness of the sport-specific
conditioning intervention utilising small-sided games in
comparison to the traditional interval-based conditioning.

Sample Size Estimation

G * Power software (version 3.1) was used to conduct an
a priori power analysis to establish the necessary number of
samples required to achieve significant differences between
groups. Taking a moderate effect size (f = 0.25), an 0.05
level of alpha, and 0.80 level of statistical power in analysing
covariance (ANCOVA), the estimated minimum of 28
participants were necessary. Consequently, the recruiting
of athletes involved was 30, which is sufficient to achieve a
robust statistical power of the study (Faul et al., 2007).

Participants

This study was done on thirty female field hockey players
of colleges (age 18 to 23 years) who came forward to volunteer
in this research. All the athletes were intercollegiate players with
an experience of three years of playing and were themselves
regularly subjected to institutional training and competition.
The participants were randomly divided into the experimental
small-sided games group (SSG; n = 15) or the control group
of high-intensity interval training (HIIT; n = 15) based on a
randomization selection by computer. All participants gave
written informed consent and were briefed on the procedures
that will be followed during the study beforehand. The players
who have sustained injuries, musculoskeletal disorders, or
other medical conditions that could restrict the exercise to high
intensity were excluded. The participants were also advised
to stick to their normal diet and not to participate in many
other conditioning programmes in the course of intervention.
Figure 1 demonstrates the participant recruitment, allocation,
follow-up and analysis processes. The study was conducted
in accordance with the Declaration of Helsinki, and ethical
approval was obtained from the institutional research ethics
committee prior to commencement.

Training Intervention

Theduration of theintervention wassixweeks (Table 1), with
the participants undergoing two sessions of the conditioning
along with their routine training in field hockey. The duration
of every session was around 30 to 35 minutes. The experimental
and control group adhered to various conditioning regimens,
but had similar training frequency and training duration. The
experimental group engaged in small-sided games (SSG) player-
to-player and setting-to-setting variations of match situations
consisting of small playing areas and a smaller number of
players. These games were meant to simulate match-specific

Assessed for Eligibility (n = 36)

Excluded (n=6)
| « Not meeting inclusion criteria (n = 4)

« Declined to participate (n = 2)

v

| Randomized (n = 30) |

!
[ 1

Allocation
Allocated to SSG Group (n = 15) Allocated to HIIT Group (n = 15)

* Received allocated intervention (n=15) « Received allocated intervention (n = 15)

Follow-Up

v v

Lost to Follow-Up (n=0) Lost to Follow-Up (n=0)

« Discontinued (n = 0) « Discontinued (n = 0)

v v

Analyzed (n = 15) Analyzed (n = 15)

+ Excluded from analysis (n=0) « Excluded from analysis (n = 0)

Fig. 1. CONSORT Flow Diagram

requirements in the sense that they included ball involvement
ona continuous basis, direction changes as well as timely tactical
decision making. The control group performed high-intensity
interval training (HIIT) consisting of structured intermittent
running bouts at intensities exceeding maximal aerobic speed
(MAS). The protocol contained short-duration running
intervals repeated and separated with short periods of passivity.
The intensity and volume of training was gradually enhanced
in the course of the six-week period through manipulation of
the duration of gameplay, the number of participants, field area,
and the length of running periods.

Training Load Control

Training load was monitored throughout the
intervention period to ensure consistency between groups.
After every training session, the participants provided the
rating of perceived exertion (sSRPE) that was measured on the
Borg CR-10 scale. The internal training load was determined
by multiplying the sRPE score and session duration. Also,
an assessment of the heart rate was done during chosen
sessions to ensure that the participants worked in a range
of target intensity which was about 85-95 of the maximum
heart rates. Such procedures made sure that the two training
programmes placed similar physiological stress although
training format was different (Foster et al., 2001).

Testing Procedures

Every participant was physically and psychologically
evaluated before and after the training intervention.
All of the tests were done on the same field and similar
environmental conditions, to maintain the consistency. All
the participants underwent a standardised 10-minute warm-
up which included light jogging, dynamic stretching and
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Table 1. Six-Week Training Intervention Schedule for the Experimental (SSG) and Control (HIIT) Groups

Control Group - High-Intensity Interval Training

Week Experimental Group - Small-Sided Games (SSG) (HIIT)

Week 1 4 vs 4 games on 30 x 40 m field; 4 bouts x 4 min; 2 min passive Intermittent running: 15 s at 110% MAS + 15 s passive
recovery between bouts. Emphasis on ball possession and recovery; 4 sets x 4 min; 2 min passive recovery between
continuous play. sets.

Week 2 4 vs 4 games; 4 bouts x 4 min; field size unchanged. Players Same protocol as Week 1; athletes instructed to maintain
encouraged to increase tempo and maintain high pressing running speed above MAS target; 4 sets x 4 min intervals.
intensity.

Week 3 4 vs 4 games; 5 bouts x 4 min; 2 min recovery; additional Intermittent running: 15 s at 110% MAS + 15 s passive
tactical rule introduced (maximum 3 touches per player) to recovery; 5 sets x 4 min intervals; 2 min recovery
increase movement intensity. between sets.

Week 4 5vs5games on 35 x 45 m field; 4 bouts x 5 min; 2 min Intermittent running: 20 s at 110% MAS + 20 s recovery;
recovery; emphasis on quick ball circulation and attacking 4 sets x 5 min; 2 min passive recovery between sets.
play.

Week 5 4 vs 4 games; reduced field size (28 x 38 m) to increase Intermittent running: 20 s at 110% MAS + 20 s recovery;
intensity; 5 bouts x 5 min; 2 min recovery; rule: immediate 5 sets x 5 min; 2 min recovery between sets.
transition after ball loss.

Week 6  Mixed SSG formats (3 vs 3 and 4 vs 4); field size 25 x 35 m; Intermittent running: 20 s at 115% MAS + 20 s recovery;

5 bouts x 5 min; 2 min recovery; maximum competitive

5 sets X 5 min; 2 min recovery between sets.

intensity encouraged.

mobility exercises followed by testing. This was to achieve
reduced risk on injury and enhance reliability of testing
through standardised warm up procedures (Bishop, 2003).

Maximal Aerobic Speed (MAS)

The aerobic fitness was evaluated by a progressive
running test which is aimed to identify the maximal aerobic
speed. Participants were required to run at progressively
increasing speeds until volitional exhaustion. Maximal
aerobic speed was the highest running speed that was
attained during the test. The assessment of maximal aerobic
speed that has been extensively applied among team sport
athletes is progressive field tests, which have high validity
and reliability (Buchheit, 2008).

Agility Test

Agility performance was determined by the use of
Modified Agility T-test used to assess the capacity to speed
up, slow down and change direction quickly. The participants
were made to run at full speed, jog along and reverse in
a fixed route. Digital stopwatch was used in determining
the total time of completion. The T-Test has been found to
be very reliable and valid in the measure of agility among
athletics (Pauole et al., 2000).

Five-Jump Test

Neuromuscular power of lower body was measured in the
form of the five-jump test (5JT). The participants were required
to take 5 successive horizontal jumps using alternate legs after
standing position. A measuring tape was used to determine the
total distance between the starting point to the ultimate landing
location. The five-jump test has been found to be a good field
test in the assessment of explosive power of lower-body among
athletes (Chamari et al., 2004).

Psychological Measures

The effects of the training interventions were assessed
based on validated questionnaires psychological reactions
to the examination.

Physical Activity Enjoyment Scale (PACES)

The Physical activity enjoyment scale (PACES) was used
to measure enjoyment related to the training. The scale of the
questionnaire includes various questions where the higher
the score the more enjoyable it is to take part in physical
activity (Kendzierski and DeCarlo, 1991).

Total Mood Disturbance (TMD):

The profile of mood states (POMS) questionnaire was
used to measure mood states. The individual mood component
scores were added to obtain the total mood disturbance scores
using the scoring procedures (McNair et al., 1971).

Reliability of Tests

The performance tests utilised in the current study
have shown that they are highly reliable in their test in the
past studies. Most of the tests high test-retest reliability
experiments displaying high test-retest reliability coefficients
of more than 0.85 have demonstrated high test-retest
reliability (Table 2), consistent measurements in populations
involving athletes (Pauole et al., 2000; Chamari et al., 2004).

Table 2. Reliability of Selected Performance Tests

: Reliability
Test Variable (ICC)
Progressive Running Test Maximal Aerobic Speed 0.91
Modified T-Test Agility 0.89
Five Jump Test Lower-body Power 0.92

All tests demonstrated high reliability (ICC > 0.85), indicating
good measurement consistency.

Statistical Analysis

Statistical analyses were conducted using SPSS version
25.0. All variables were determined by the calculus of
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descriptive statistics in the form of the mean standard
deviation. Before inferential analyses, the assumptions
of normality and homogeneity of variance were tested in
Shapiro/wilk test and Levene test respectively. Independent
samples t-tests were used to assess the differences in
the baselines across the groups. Analysis of covariance
(ANCOVA) was used to determine the effects of the
intervention by putting in the pretest scores as covariates to
correct the baseline differences. The magnitude of training
effect was computed by using Cohen d. All analyses were set
at p < 0.05 which is the statistical significance (Cohen, 1988).

Results

The descriptive characteristics of the participants at
baseline are presented (Table 3).

Table 3. Baseline Descriptive Characteristics of the
Participants

Experimental Control
. Group (SSG) Group (HIIT
Variable (n E (15) ) (np=(15) )
Mean + SD Mean * SD

Age (years) 20.13£1.62  20.27+1.54
Height (cm) 163.45+5.11 162.98 +4.87
Body Mass (kg) 57.82+476  58.34 +4.58
Playing Experience (years) 527 £ 1.41 5.13 £ 1.36
Maximal Aerobic Speed (km'h') 1348 £0.79  13.42+0.83
Agility (Modified T-Test, s) 10.61 £0.46  10.65 +0.49
5-Jump Test Distance (m) 10.31 £ 0.58 10.27 £ 0.62
PACES Score (Enjoyment) 93.74+6.18 9296 + 6.41
Total Mood Disturbance (TMD) 96.21 +835 97.08 +8.11
Hooper Index Score 9.12+1.73 9.27 + 1.65

Note. Values are presented as Mean + Standard Deviation (SD).
No significant differences were observed between groups at
baseline (p > 0.05), indicating comparable initial characteristics.

The experimental and control groups (SSG and HIIT,
respectively) were similar regarding age, anthropometric
issues, and performance indicators during the baseline.
There are no significant variations between groups before
the intervention, meaning that the participants were not that
heterogeneous before the intervention.

The pre- and post-intervention changes in the selected
physical and psychological variables are presented (Table
4). Following the six-week training program, both groups
demonstrated improvements in maximal aerobic speed
(MAS). The SSG group increased from 13.48 + 0.79 km-h-
'to 14.72 + 0 .68 km-h"!, while the HIIT group improved
from 13 .42 £ 0.83 km-h™' to 14 .41 + 0 .74 km-h"". For agility
performance, the SSG group showed a greater reduction in
agility time compared with the HIIT group. Agility time
decreased from 10.61 £ 0 .46 s to 9.94 + 0.41 s in the SSG
group, whereas the HIIT group improved only slightly from
10.65 + 0 .49 s to 10 .47 + 0.46 s. Changes in neuromuscular
power were low in both groups and did not reach statistical
significance. With respect to mental responses, the PACES
scores showed a strong increase in the SSG group, improving
from 93.74 + 6.18 to 104.62 * 5.83, whereas the HIIT group
demonstrated only a minor increase. In contrast, total
mood disturbance (TMD) decreased in the SSG group but
increased slightly in the HIIT group.

PACES Score

Maximal Aerobic Speed Agility (Modified T-Test)

Pre Post Pre Post
W SSG HIT

*p<0.05, ** p<0.01, ** p < 0.001,  Significant between-group difference.

Fig. 2. Pre-Post Changes in MAS, Agility, and PACES

To determine the true intervention effect after adjusting
for baseline differences, an analysis of covariance (ANCOVA)
was performed. The results of this analysis are presented
(Table 5). The ANCOVA analysis revealed an significant
group effect for outside aerobic speed (F = 6 .84, p = 0.014),
indicating that the improvement in aerobic fitness was
greater in the SSG group compared with the HIIT group.
Similarly, an significant group effect was observed for agility
performance (F = 11 .72, p = 0.002), demonstrating that
the SSG training program produced significantly greater
improvements in agility. In contrast, no significant group
difference was found for neuromuscular power (five-jump

Table 4. Pre- and Post-Intervention Changes in Physical and Psychological Variables

Variable Group NE TI;T;SStI) ;;:::Iess]t) Mean Change Effect Size (d) p-value

Maximal Aerobic Speed (km-h') SSG 13.48 £ 0.79 14.72 £ 0.68 +1.24 1.69 0.001*

HIIT 13.42 +£0.83 14.41 £ 0.74 +0.99 1.25 0.003*

Agility (Modified T-Test, s) SSG 10.61 £ 0.46 9.94 +0.41 -0.67 1.54 0.001*
HIIT 10.65 + 0.49 10.47 £ 0.46 -0.18 0.38 0.089

Five-Jump Test (m) SSG 10.31 £ 0.58 10.49 £ 0.57 +0.18 0.31 0.122
HIIT 10.27 £ 0.62 10.43 £ 0.61 +0.16 0.26 0.148

PACES Score SSG 93.74 + 6.18 104.62 + 5.83 +10.88 1.82 0.001*
HIIT 92.96 + 6.41 95.31 £ 6.07 +2.35 0.37 0.094

Total Mood Disturbance SSG 96.21 £ 8.35 88.42£7.12 -7.79 0.98 0.004*
HIIT 97.08 £8.11 101.36 + 8.45 +4.28 0.52 0.071

*Significant at p < 0.05
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Table 5. Analysis of Covariance (ANCOVA) Results for Post-Test Scores

Variable Source Sum of Squares df Mean Square  F-value p-value Partial E(‘,;t]z:)Squared

BG 1.36 1 1.36

Maximal Aerobic Speed 6.84 0.014* 0.20
WG 537 27 0.20
BG 2.14 1 2.14

Agility (Modified T-Test) 11.72 0.002* 0.30
WG 4.94 27 0.18
BG 0.18 1 0.18

Five-Jump Test 1.02 0.321 0.04
WG 4.75 27 0.18
BG 689.31 1 689.31

PACES Score 19.63 0.001* 0.42
WG 947.22 27 35.08
BG 1265.48 1 1265.48

Total Mood Disturbance 16.94 0.001* 0.39
WG 2015.73 27 74.65

* Statistically significant at p < 0.05

test). For the mental variables, the analysis showed significant
group effects for PACES (F = 19 .63, p = 0.001) and total
mood disturbance (F = 16 .94, p = 0.001), indicating that
the SSG intervention resulted in greater improvements in
enjoyment and mood state compared with HIIT.

Figure 2 illustrates the variables demonstrating
significant post-intervention effects between groups.
Significant improvements were observed for maximal
aerobic speed, agility performance, and enjoyment (PACES),
with greater adaptations in the small-sided games group. In
contrast, no significant between-group eftfect was found for
neuromuscular power, as assessed by the five-jump test.

Discussion

The findings indicate that six weeks of small-sided
games (SSG) and high-intensity interval training (HIIT)
positively influenced selected physical and psychological
variables in collegiate female field hockey players. While
both training modalities significantly improved maximal
aerobic speed, SSG resulted in greater improvements in
agility and psychological responses. No significant changes
were observed in neuromuscular power. These findings
extend previous research by providing a more integrated
understanding of how different conditioning strategies
influence multiple systems of adaptation in team-sport
athletes (Buchheit and Laursen, 2013; Hill-Haas et al., 2011).

The improvements in maximal aerobic speed in both
groups may be attributed to different, yet complementary,
physiological processes. High-intensity interval training
has been proven to be an effective stimulus of central
cardiovascular adaptations, such as augmented stroke
volume, augmented cardiac output, and augmented
oxygen transport capacity (Helgerud et al., 2001; Buchheit
& Laursen, 2013). Such adaptations are mainly instigated
by recurrent exposure to near-maximal intensities in a
controlled format. Conversely, small-sided games probably
cause similar aerobic adaptations with intermittent high-
intensity exercise interspersed with game-based exercise.
The repeated alternations between offensive and defensive
movements, the frequent accelerations and decelerations
can cause significant metabolic loads, which can in turn
trigger central and peripheral adaptations (Hill-Haas et al.,

2009). The marginally higher increase in the SSG group
may be explained by the fact that effort is variable and self-
regulated during the game play, and thus can facilitate long-
term engagement at high intensities.

One of the main findings was the significantly greater
improvement in agility performance following SSG
compared with HIIT. This distinction may be explained
by the principle of specificity and the system of ecological
processes. Small-sided games naturally involve athletes
reacting to ever-evolving environmental factors, such
as the position of opponents, ball control, and space.
These conditions facilitate perception-action coupling,
wherein decision-making and motor execution are closely
coupled (Davids et al., 2013). Consequently, athletes will
be exposed to repetitive, sport-specific stimuli that can
improve neuromotor coordination, reactive strength and
movement efficiency. Conversely, HIIT protocols are usually
predetermined, linear running patterns with little variation
and limited mental activity. Although useful in enhancing
metabolic capacity, these conditions might be inadequate
to activate neuromotor processes involved in quick change-
of-direction performance. As such, the higher agility
improvements in the SSG group might be attributed to the
combination of cognitive and motor tasks and not physical
load per se (Rampinini et al., 2007; Davids et al., 2013).

In contrast, neither training modality resulted in significant
changes in neuromuscular power, as assessed by the five-jump
test. This observation indicates that the main focus of both
SSGand HIITisonmetabolicand coordinative modifications,
as opposed to the maximal production of force. Though
small-sided games require numerous accelerations and
explosive motions, the magnitude and mechanical loading
might be insufficient to cause significant neuromuscular
adjustments related to the stretch shortening cycle. Likewise,
HIIT training programs focus on the development of energy
systems, as opposed to maximal output. Past studies have
always shown that the enhancement in explosive power is
better through resistance training or plyometric training
that is specifically geared towards neuromuscular activation
and force production (Markovic & Mikulic, 2010). Thus, the
lack of meaningful differences in neuromuscular power in
the findings can probably be explained by the specificity of
the training stimuli.
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The observed psychological responses provide further
insight into the differences in the effects of the two training
modalities. Participants in the SSG group demonstrated
greater improvements in enjoyment and decrease in mood
disturbance than the HIIT group. These findings may be
explained in terms of self-determination theory, which lays
stress on autonomy, competence, and relatedness in the
process of developing intrinsic motivation. These elements
are inherent in small-sided games as they offer a chance
to make decisions, socialize, and express their skills in a
competitive setting. These conditions will probably increase
intrinsic motivation and positive affective reactions (Selmi
et al., 2020). HIIT, on the contrary, is repetitive, externally
regulated activity with a small range of variability, which can
potentially decrease engagement and perceived monotony.
Since psychological aspects are significant in the training
of adherence and long-term development of athletes, these
findings indicate the value-added of game-based training
methods (Scanlan et al., 2014).

In a more general sense, These findings support
the concept that training adaptations in team sports are
the outcome of the interactions between physiological,
neuromuscular, and cognitive systems, but not the reaction to
the physical load independently. Small-sided games seem to
be a multidimensional training stimulus, which concurrently
activates these areas, which improves performance and
engagement. Although conventional forms of conditioning
like HIIT are still effective in enhancing aerobic capacity,
they may not be as effective in transferring to sport-specific
performance when not supplemented with context-specific
training. These findings support the role of incorporating
representative learning settings in conditioning programs to
achieve the fullest training benefits (Hill-Haas et al., 2011).

These findings imply that conditioning in team sports
must not be thought of as a single physiological loading,
but as a combination of metabolic stress, neuromotor
coordination, and perceptual-cognitive demands. In this
regard, training strategies like small-sided games might
have better ecological validity in promoting transfer of
adaptations to competitive performance.

Although the study has its strengths, a number of
limitations must be noted. The intervention period was
not very long (six weeks), and this might not have been
enough to produce any meaningful neuromuscular changes.
Also, the sample was restricted to a certain population of
collegiate female field hockey players, which can influence
the extrapolation of the findings. In addition, the research
lacked direct physiological observation like oxygen uptake,
blood lactate level, or GPS-tracked movement data, which
would have helped to gain a more in-depth understanding
of the processes behind the identified adaptations. Further
studies are advised to include longer intervention periods,
larger samples, and objective physiological and match-related
performance outcomes to gain a better understanding of the
processes of adaptation.

Conclusions

This study examined the effects of six weeks of small-sided
games (SSG) and high-intensity interval training (HIIT) on
selected physical and psychological variables in collegiate
female field hockey players. Both training modalities

significantly improved maximal aerobic speed, indicating
their effectiveness in enhancing aerobic fitness. However, SSG
produced greater improvements in agility and psychological
responses, likely due to its sport-specific, multidirectional,
and interactive nature. Neither intervention resulted in
significant changes in neuromuscular power, suggesting that
additional strength or plyometric training may be required
to enhance explosive performance. Overall, these findings
support the use of small-sided games as an effective and
practical conditioning strategy that simultaneously develops
physical performance and psychological engagement in
team-sport athletes.
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Irpn HeNOBHMMN CKNagaMmm NPOTN BUCOKOIHTEHCUBHUNX
iHTepBaNbHNX TPEeHYBaHb: BNJINB Ha aepOOHY NiAroToBNEHICTb,
CMPUTHICTb Ta NCUXONOriYHi peaKLUil CTYAEHTOK-XOKEICTOK Ha TpaBi

KanaitBani C'3¢P, [TeBim Metbto JIK.'ABCPD

I XiHEyCcTaHCHKUIT iHCTUTYT TEXHOJIOTI i HayKu (BU3HAHMI VHIBePCUTET
ny y y y

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

Pegepar. Crarrst: 9 ., 5 Tabn., 2 puc., 26 mxeper.

Mera gocmimkeHHA. MeTa [OCTIPKeHH TI0JIATa/Ia Y BUBYEHHI BIUIMBY irop HenoBHymu cknagamu (IHC) Ta BucoKoiHTeH-
CUBHMX iHTepBanbHMX TpeHyBaHb (BIIT) Ha oOpaHi ¢isuyHi Ta ICUXOMOTiYHI TOKa3HUKY CTYAEHTOK-XOKeICTOK Ha TpaBi.

Marepianu i Mmerogu. TpUALATb CTYEHTOK-XOKeICTOK Ha Tpasi (Bik: 20,20 + 1,58 poky) 6ynu BifibpaHi 3a MeTogoM paH-
momisarii Ta pospgineni Ha rpyny IHC (n = 15) ta rpyny BIIT (n = 15). O6uaBi rpynu 6pany y4acTb y MIECTUTIDKHEBI po-
rpaMi TpeHyBaHb (JjBa 3aHATTSA Ha TYDKJEHb) I1apajie/IbHO 3 PETy/IAPHOI0 IPAKTUKOI KOMaHIHMX TpeHyBaHb. Ipyna IHC rpama
y ¢opmari 4 mpotu 4 Ha MaifaHIMKy po3mipom 30 x 40 M, Togi sk rpyma BIIT BuxonyBana 15-cexkyHpaHi 6irosi cepii Ha piBHi
110% Bix MakcumanbHOi aepo6Hoi mBuakocti (MAII) 3 15-cekyHIHMMM iHTepBaaMu ITaCMBHOTO BifHOBIeHH:. Ha mepen- Ta
HOCTIHTEPBEHIIITHOMY eTanax IPOBOAMINICS BUMIPIOBAHHS [TOKA3HUKIB MaKCHMa/IbHOI aepOOHOI MIBUAKOCTI, CIPUTHOCTI (MO-
nudixkoBanmit T-xpurepiit CTbIofieHTa), HEPBOBO-M A30BOI MOTY>KHOCTI (TecT Ha 5 cTpuUOKIB), piBHA 3aJOBOJIEHHS Bif| 3aHATD
¢isnunHo0 akTHBHICTIO (1kama PACES) Ta ncuxoeMoliiitHoro ctany (3aranbHe nopyiueHHs Hactporo; 3ITH). [lna aHammisy gaHux
BUKOPMCTOBYBa/IICS t-KpUTepil [y1sl He3aneXXHNX BIOIpOK Ta KoBapiariiittnii ananis (p < 0,05).

Pesynprarn. Ha moyaTkoBoMy eTari JOCTiPKeHH 3HAYyIIMX BifMiHHOCTelT He criocTepiranocs (p > 0,05). B o6ox rpymax
nokpamysca nokasauk MAIIL, npote rpyna IHC npofgeMoHCTpyBaia CyTTEBIl 3pyIIeHHs Y IOKa3HMKAX CIIPUTHOCTI Ta MCK-
xororivaux aminHux. KoBapianjiltunii aHani3s BUABMB 3HauyILi IpymoBi eektu mopo nokasuukis MAIII (p = 0,014), coputHocTi
(p = 0,002), PACES (p = 0,001) ta 3ITH (p = 0,001) Ha kopucTb TpeHyBaHb 3a Metopukoo IHC. [Toka3HMKM HEPBOBO-M 30BOI
IIOTY>KHOCTI He IIPOJAEMOHCTPYBa/IN CTATUCTUYHO 3HAYYIIMX BiIMiHHOCTEN MK IPyIIaMu.

BucHoBKM. Irpyt HemoBHMMY CK/TafiaMy 3a6e3MeynIy Kpallli pe3yabTaTy y PO3BUTKY CIIPUTHOCTI Ta IICHXOJIOTIYHNX peaKILiit,
IIPOAEMOHCTPYBABIIN PIBHOL[IHHY e(eKTUBHICTB IO0 IIOKpallleHHs aepobOHOI mifgrorosreHocTi. Lli pesyipraty miaTBepHKYOTH
TouinbHicTh 3acTocyBaHHA MeTopuku IHC sk exornorivHo BamifgHOl Ta epeKTMBHOI KOHAUIIIHOI cTpaTerii MiATOTOBKY CTY/eH-
TOK-XOK€ICTOK Ha TpPaBi.

KirrouoBi crmoBa: irpy HeIoOBHUMM CK/IafilaMy, BUCOKOIHTEHCUBHE iHTepBa/lbHe TPEHYBaHHA, XOKeil Ha TpaBi, aepobOHa mij-
TOTOBJIEHICTD, cipuTHicTh, PACES.
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Abstract

Objectives. This study aimed to compare the effects of plyometric training (PT) and combined plyometric plus core
training (PT+CT) on autonomic nervous system regulation and local muscle oxygenation during resistance exercise
in collegiate athletes. Specifically, changes in heart rate variability (HRV), muscle oxygen saturation (SmO,), and
performance parameters were examined following a 10-week intervention.

Materials and Methods. A three-arm, parallel-group, assessor-blinded randomized controlled trial was conducted
with 45 collegiate athletes (aged 19-24 years) from volleyball, soccer, and basketball backgrounds. Participants were
randomly assigned to PT (n = 15), PT+CT (n = 15), or a control group (CON; n = 15). The PT group performed
progressive plyometric exercises, while the PT+CT group completed identical plyometric training supplemented with
structured core exercises, three sessions per week for 10 weeks. The CON group continued sport-specific training
only. Primary outcomes included resting and post-exercise HRV indices (RMSSD, SDNN, HF power, LF/HF ratio)
and SmO, measured via near-infrared spectroscopy during incremental back squat at 60%, 70%, and 80% of 1-RM.
Secondary outcomes included maximal strength, jump performance, blood lactate, and perceived exertion.

Results. Forty-two participants completed the study. Both PT and PT+CT groups showed significantly greater
improvements in 1-RM back squat compared with CON (P < .001). The PT+CT group demonstrated superior
increases in resting RMSSD compared with PT (P =.008) and CON (P < .001). During high-intensity exercise (80%
1-RM), SmO, was significantly higher in PT+CT than in both PT and CON (P < .01). Post-exercise HF power was
better preserved in PT+CT than CON (P = .003). Additionally, countermovement jump performance improved more
in PT+CT than PT (P =.04) and CON (P < .001), with no significant differences observed in blood lactate or RPE.
Conclusions. The findings confirm that combined plyometric and core training elicits superior improvements in
autonomic regulation and muscle oxygenation compared to plyometric training alone, supporting its integration into
resistance-based conditioning programs for enhanced physiological and performance adaptations.

Keywords: plyometric training, core stability, heart rate variability, muscle oxygenation, near-infrared spectroscopy,
resistance exercise, autonomic regulation.
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Introduction

Plyometric training, which exploits the stretch-
shortening cycle to generate maximal force in brief time
intervals, has become a standard conditioning tool across
team sports (Zhang et al., 2026). Numerous randomized
trials and meta-analyses confirm that structured plyometric
programs improve jump height, sprint speed, change-of-
direction ability, and lower-limb power in young athletes
(Markovic & Mikulic, 2010; Moran et al., 2024; Ramirez-
Campillo et al., 2018; Sun et al., 2025). These neuromuscular
benefits are driven by enhanced motor unit recruitment,
increased rate of force development, and improvements in
tendon stiffness and fascicle behavior that collectively raise
the ceiling for explosive movement (Cormie et al., 2011;
Suchomel et al., 2016).

Core musculature, encompassing the deep stabilizers
of the lumbo-pelvic-hip complex and the superficial global
movers of the trunk, functions as the kinetic link between
lower and upper extremities during athletic tasks (Kibler
et al,, 2006). Deficits in core stability reduce force transfer
across the kinetic chain, impair balance under dynamic
loading, and may elevate injury risk (Hibbs et al., 2008;
Reed et al., 2012). A 2025 comprehensive meta-analysis of
29 randomized controlled trials involving 956 athletes aged
15 to 25 years reported that core training produced large
improvements in general athletic performance (standardized
mean difference, 1.38; 95% CI, 0.85-1.82; P < .001), with
particularly strong effects on core endurance and balance (Yu
et al,, 2025). Several investigators have therefore proposed
combining plyometric and core exercises into integrated
programs, reasoning that the postural control and trunk
rigidity developed through core work should amplify the
force-transfer benefits of plyometric loading (Cabrejas et al.,
2023; Prieske et al., 2016).

Despite abundant data on performance outcomes,
relatively little is known about how these training modalities
influence autonomic nervous system regulation and local
muscle oxygenation during subsequent resistance exercise
(Benjamim et al., 2021; Leng et al., 2024; Ruiz-Moreno et al.,
2022). Heart rate variability, a noninvasive index of cardiac
autonomic modulation, reflects the dynamic interplay between
sympathetic and parasympathetic activity and is widely
used to monitor training adaptation and recovery in athletic
populations (Addleman et al., 2024; Buchheit, 2014). A 2025
systematic meta-analysis examining long-term exercise effects
on HRV reported that high-intensity interventions can improve
both time-domain indices (SDNN, RMSSD) and frequency-
domain parameters (HF power), with the magnitude of change
depending on training modality and baseline fitness (W.
Zhang et al., 2025). Whether plyometric or combined training
produces distinctive autonomic adaptations remains unclear
(Yang et al., 2024).

Muscle oxygen saturation, measured by near-infrared
spectroscopy (NIRS), provides real-time insight into the
local balance between oxygen delivery and utilization within
working muscle (Boushel & Piantadosi, 2000; Tuesta et al.,
2022). An updated 2024 systematic review identified muscle
oximetry as a particularly promising wearable biosensor for
monitoring skeletal muscle oxidative performance and training
adaptation in sports (Perrey et al., 2024). During resistance
exercise, SmO, declines as metabolic demand outstrips capillary

oxygen supply; the rate and magnitude of this desaturation
relate to exercise tolerance, fatigue onset, and local vascular
capacity (Baker et al., 2010). Training-induced improvements
in capillary density, mitochondrial function, and endothelial
vasodilatory capacity can shift these dynamics favorably, yet few
studies have tracked SmO, responses to incremental loading
before and after structured plyometric or combined training
programs (Pelka et al., 2024).

To address these gaps, we designed a 10-week, three-
arm randomized controlled trial comparing plyometric
training alone, combined plyometric and core training, and
sport-specific training only (control) in collegiate team-
sport athletes. We hypothesized that both training groups
would improve strength, jump performance, and autonomic
recovery relative to control, and that the combined group
would demonstrate additional advantages in HRV indices
and SmO, preservation during high-intensity resistance
exercise, reflecting enhanced cardiovascular efficiency and
local oxidative capacity.

Materials and Methods

Study Design

A three-arm, parallel-group, assessor-blinded
randomized controlled trial was conducted at the Saveetha
School of Physical Education, Saveetha Institute of Medical
and Technical Sciences (SIMATS University), Tamil Nadu,
India, between August 2024 and January 2025. The study
protocol was reviewed and approved by the Institutional
Ethics Committee of SIMATS University, and all procedures
were carried out in accordance with established ethical
standards for human research. All procedures conformed
to the Declaration of Helsinki (“World Medical Association
Declaration of Helsinki,” 2013). Written informed consent
was obtained from every participant prior to baseline testing.

Participants

Forty-five collegiate athletes (30 men, 15 women; age
19-24 years) were recruited from the university volleyball,
soccer, and basketball teams between August and September
2024. Eligibility required a minimum of 2 years of structured
resistance and sport-specific training (at least 3 sessions per
week), familiarity with back squat and bench press exercises,
and clearance on a pre participation physical examination.
Exclusion criteria were current musculoskeletal injury, use of
ergogenic supplements or anabolic agents within the preceding
3 months, diagnosed cardiovascular or metabolic disease, and
any condition that could preclude maximal effort testing. A
priori sample size estimation (G*Power 3.1.9.7) indicated that
12 participants per group were needed to detect a medium-
to-large effect (Cohen f = 0.40) with 80% power at alpha = .05
for a 3 x 2 repeated-measures design, assuming a correlation
among repeated measures of 0.50. We enrolled 15 per group
to account for potential attrition. Figure 1 illustrates the overall
experimental design and study timeline.

Randomization and Blinding

After baseline testing, participants were stratified
by sex and sport and then randomly allocated in a 1:1:1
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EXPERIMENTAL DESIGN

Enrollment: 45 Collegiate Athletes
(Volleyball, Soccer, Basketball)
Age: 19-24 years

Stratified Randun@'zatian (sex, sport)

L

PT Group PT+CT Group CON Group
(n = 15) (n =15) (n=15)
Plyometric Training Plyometric + Core Sport-Specific
3x/week, 10 weeks 3x/week, 10 weeks Training Only
Week 0 10-Week Week 11

Pre-Test Intervention Post-Test

PRE-TEST (Day 1)
- Anthropometry
- Resting HRV (10 min)
- 1-RM Back Squat
- 1-RM Bench Press

POST-TEST (Day 1)
- Anthropometry
- Resting HRV (10 min)
- 1-RM Back Squat
- 1-RM Bench Press

TESTING PROTOCOL (Day 2)

8-min Treadmill Warm-up

v
[Pre-Exercise: Blood Lactate, HRV (5 min), CM], S], RPE|

L
INCREMENTAL BACK SQUAT TEST

‘Warm-up: 12 reps @ 10% 1-RM — 6 reps @ 30% 1-RM
Set 1: 60% 1-RM to failure — 3 min rest
Set 2: 70% 1-RM to failure — 3 min rest
Set 3: 80% 1-RM to failure

During each set: SmO: (NIRS), Peak HR

v
[Post-Exercise: Blood Lactate, HRV (5 min), CM], S], RPE|

Fig. 1. Experimental Design and Study Timeline.

Note: PT indicates plyometric training; PT+CT, plyometric plus
core training; CON, control; 1-RM, 1-repetition maximum; HRV,
heart rate variability; SmO,, muscle oxygen saturation; CM]J,
countermovement jump; SJ, squat jump; RPE, rating of perceived
exertion.

ratio to the PT, PT+CT, or CON group using a computer-
generated random sequence (Research Randomizer, version
4.0) prepared by an investigator not involved in training or
testing. Allocation was concealed in sequentially numbered,
opaque, sealed envelopes. Outcome assessors were blinded
to group assignment; participants and trainers could not be
blinded to the intervention.

Interventions

All sessions were supervised by certified strength and
conditioning specialists and took place at the same indoor
facility between 15:00 and 17:00 hours to minimize circadian
confounding. Training was conducted 3 days per week
(Monday, Wednesday, Friday) for 10 weeks, yielding 30 total
sessions. The PT group performed a progressive plyometric
program that included squat jumps, countermovement
jumps, depth jumps (box heights 30-50 cm), single-leg hops,
lateral bounds, and tuck jumps. Volume increased from
80 ground contacts per session in weeks 1 to 3, to 100 in
weeks 4 to 6, and 120 in weeks 7 to 10. Rest intervals were
60 to 90 seconds between sets and 2 to 3 minutes between
exercises. The PT+CT group performed the identical

plyometric program followed immediately by a structured
core training block lasting approximately 20 minutes. Core
exercises included front plank, side plank, dead bug, bird
dog, pallof press, cable woodchop, hanging leg raise, and
stability ball rollout. Volume progressed from 2 sets of
30 seconds (isometric holds) or 10 repetitions (dynamic
exercises) in weeks 1 to 3, to 3 sets of 45 seconds or 15
repetitions by weeks 7 to 10. Resistance was added through
weighted vests or cable loads as competency was established.
The CON group maintained their regular sport-specific
training schedule, which comprised technical skill work and
tactical sessions but did not include structured plyometric,
core, or resistance training beyond normal practice. The
complete training program progression for both groups
is summarised in Table 1. All groups were instructed to
continue their habitual dietary intake and avoid initiating
any new supplementation during the study period. A 24-
hour dietary recall was completed before each testing session
to monitor compliance.

Table 1. Training Program Progression for PT and PT+CT
Groups

£ g = e

] - 5] '_o‘ @ =

=< D = Cd ~ 1)

Phase b =S S E o) 2 8

= e 5 o & 2z

= o S 3

=W ®)] [7,)

Introductory ~ 1-3 80 contacts 2 30s/10reps 60-90 3
Development  4-6 100 contacts 2-3 35s/12reps 60-90 3
Intensification 7-10 120 contacts 3  45s/15reps 60-90 3

Note: PT group performed plyometric exercises only. PT+CT
group performed identical plyometric volume plus core training
block (~20 min). Core exercises: front plank, side plank, dead bug,
bird dog, pallof press, cable woodchop, hanging leg raise, stability
ball rollout. Plyometric exercises: squat jumps, countermovement
jumps, depth jumps (30-50 cm), single-leg hops, lateral bounds,
tuck jumps. Vol indicates ground contacts per session for
plyometric exercises. Core hold refers to isometric exercises; reps
refers to dynamic exercises. Rest interval is between plyometric sets.

Testing Procedures

Outcome assessments were performed at baseline
(week 0) and post-intervention (week 11). All testing was
conducted over 2 consecutive days at the same time of day, in
a temperature-controlled environment (24 +/- 1 degrees C).

Day 1 began with anthropometric assessment
(bioelectrical impedance; InBody 770, InBody Co., Seoul,
South Korea), followed by resting HRV recording and
maximal strength testing. Resting HRV was recorded with
participants in the supine position for 10 minutes in a quiet,
temperature-controlled room. Beat-to-beat R-R intervals
were captured using a validated Polar H10 chest strap (Polar
Electro, Finland) interfaced with the EliteHRV application
(version 4.0). Participants were instructed to breathe
spontaneously, avoid speaking, and remain motionless
throughout the recording. The first 5 minutes served as a
stabilisation period; HRV indices were computed from the
final 5 minutes. Following the HRV recording, participants
performed a standardised warm-up (5 minutes of light
cycling at 50 W followed by two sets of 10 repetitions of
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bodyweight squats) before the 1-RM back squat test. The
1-RM protocol followed American Society of Exercise
Physiologists guidelines. Participants began with a set
of 8 repetitions at 50% of their estimated 1-RM, then 3
repetitions at 70%, and 1 repetition at 90%, with 3-minute
rest intervals between warm-up sets. Thereafter, the load
was increased by 2.5 to 5.0 kg per attempt until a 1-RM was
established within five maximal attempts, each separated by
3 to 5 minutes. Bar velocity was monitored throughout with
an accelerometer-based sensor (Vmaxpro, Blaumann and
Meyer Sports Technology, Germany) to confirm maximal
effort. The highest load successfully lifted through full range
of motion with acceptable technique was recorded as the
1-RM. The same protocol was applied for 1-RM bench press
after a 15-minute rest.

Day 2 included jump performance testing followed by
the incremental back squat protocol. Before the incremental
test, countermovement jump (CMJ) height and squat jump
(S]) height were assessed on a calibrated force plate (Kistler
9260AA, Kistler Instrumente AG, Winterthur, Switzerland)
sampling at 1,000 Hz. For the CM], participants stood with
feet shoulder-width apart on the force plate and, on a verbal
signal, performed a rapid downward countermovement to
a self-selected depth before jumping vertically as high as
possible with hands maintained on the hips throughout.
Knee flexion and arm swings during the flight phase were
not permitted; trials where these occurred were repeated.
Three maximal-effort trials were conducted with a 60-second
inter-trial recovery period, and the best trial was selected
for analysis. For the SJ, participants descended to a static
squat position of approximately 90° knee flexion, held that
position for 3 seconds, and then jumped vertically with
maximal effort without any prior countermovement. Any
visible downward displacement before take-oft disqualified
the trial. Three trials were performed with 60-second inter-
trial recovery, and the highest jump was recorded. Jump
height was calculated from flight time using the impulse-
momentum method from force-plate data. Following jump
testing, pre-exercise HRV was recorded for 5 minutes in the
supine position using the same Polar H10 and EliteHRV
protocol described above. Muscle oxygen saturation (SmO,)
and total haemoglobin (tHb) were monitored continuously
via a Moxy near-infrared spectroscopy sensor (Fortiori
Design LLC, Hutchinson, MN) placed on the belly of the
vastus lateralis of the dominant leg, secured with an opaque
neoprene sleeve to exclude ambient light. The sensor was
repositioned at the same anatomical landmark at pre- and
post-intervention testing using skin-surface markings. After
an NIRS stabilisation period of 3 minutes at rest, participants
completed the standardised warm-up (12 repetitions at 10%
1-RM, 6 repetitions at 30% 1-RM) before performing 3 sets
to failure at 60%, 70%, and 80% of their current 1-RM back
squat, with 3-minute rest intervals between sets. SmO, data
were sampled at 0.5 Hz throughout each set; the mean value
of the final 30 seconds of each set was used for analysis. Peak
heart rate was recorded during each set using the Polar H10
chest strap. Post-exercise HRV was assessed in the supine
position for 5 minutes beginning 2 minutes after completion
of the final set. Blood lactate was sampled from the
hyperaemised earlobe (Lactate Pro 2, Arkray, Kyoto, Japan)
at rest before warm-up, immediately after the 80% 1-RM set,
and 3 minutes after completion of the protocol; a minimum

of 5 uL of capillary blood was collected onto the test strip
following standard preparation of the sampling site. Rating
of perceived exertion (RPE) was collected immediately after
the incremental protocol using the Borg CR10 scale (range
0-10); participants received standardised verbal anchoring
instructions before testing. Post-exercise CMJ and SJ were
assessed in the same manner as described above within
5 minutes of completing the incremental test.

HRV Analysis

HRV data were processed following current Task Force
guidelines. From each 5-minute recording, the following
indices were computed: mean RR interval (ms), RMSSD
(ms), SDNN (ms), low-frequency power (LF; 0.04-0.15
Hz), high-frequency power (HF; 0.15-0.40 Hz), and the LF/
HF ratio. Ectopic beats and artifacts were corrected using
automatic algorithms in the EliteHRV software, with manual
verification by a trained investigator.

Statistical Analysis

All data are presented as mean (SD) unless otherwise
indicated. Normality was assessed with the Shapiro-Wilk
test (Shapiro & Wilk, 1965). For primary outcomes, a 3
(group) x 2 (time: pre vs post) mixed-model analysis of
variance (ANOVA) was used (Field, 2013). When significant
interactions were found, post hoc pairwise comparisons
were conducted with Bonferroni correction (Armstrong,
2014). For within-session SmO, and peak HR data across
intensities, a 3 (group) x 3 (intensity) repeated-measures
ANOVA was applied at the post-intervention time point
(Girden, 1992). Delta change from pre- to post-intervention
was compared across groups using one-way ANOVA or the
Kruskal-Wallis test as appropriate (Kruskal & Wallis, 1952).
Effect sizes were computed as partial eta squared (small,
0.01; moderate, 0.06; large, 0.14) and Cohen d (trivial, 0.20
or less; small, 0.21-0.60; moderate, 0.61-1.20; large, 1.21-2.0)
(Cohen, 2013). All analyses were conducted in R (version
4.3.2) using the afex and rstatix packages (Kassambara,
2023). Significance was set at P < .05 (2-sided).

Analytical Framework and Decision Rule

The primary outcome of this trial was resting RMSSD,
selected because it is the most reproducible and practically
relevant vagal index for athlete monitoring (Addleman et al,
2024; Buchheit, 2014). Two confirmatory secondary outcomes
were designated a priori: SmO, at 80% of 1-RM (local oxidative
capacity) and CM]J height (functional power transfer). The
decision rule for evaluating the added value of core training
was as follows: the core training component would be
considered effective if and only if PT+CT showed a statistically
and practically meaningful advantage over PT alone on the
primary outcome, with at least one confirmatory secondary
outcome moving in the same direction. If the primary outcome
showed no between-group difference, or if secondary outcomes
contradicted the primary finding, the core component would
be classified as non-contributory for that domain. Remaining
variables (1-RM, bench press, peak power, lactate, RPE) were
treated as descriptive indicators to map the boundary conditions
under which the core training effect operates.
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Results

Participant Flow and Baseline Characteristics

Ofthe 45 enrolled participants, 42 completed the trial (14
inPT, 14in PT+CT, 14 in CON). Three participants withdrew
due to reasons unrelated to the intervention (1 ankle sprain
during recreational activity, 1 personal scheduling conflict,
1 lost to follow-up). Baseline characteristics were similar
across groups (Table 2). Session attendance was 93.2% in PT
and 91.8% in PT+CT, with no adverse events attributable to
the training programs.

Table 2. Baseline Characteristics of Study Participants

Characteristic PT PT+CT CON P
(n=15) (n=15) (n=15)
Age, mean (SD), y 21.4(1.7) 21.0(1.5) 21.3(1.8) 0.78
Sex, No. (%) male 10 (67) 10 (67) 10 (67) 1.0
BMI, mean (SD), kg/m? 22.6 (1.9) 22.1(1.7) 22.5(2.0) 0.71
Training experience,y ~ 3.8(1.2) 3.6(1.1) 3.9(1.3) 0.82
1-RM back squat, kg 92.4 (14.6) 90.8 (13.9) 91.1 (15.2) 0.94
CMJ height, cm 35.1(4.5) 34.6(4.8) 34.8(5.0) 0.96
SJ height, cm 312 (4.1) 30.8(43) 31.0(45) 097
Resting RMSSD, ms 41.8 (10.7) 42.3 (11.2) 43.1(11.5) 0.94
Resting SDNN, ms 53.4 (12.8) 54.1 (13.6) 54.8 (13.2) 0.95
Resting HF power, ms* 408 (102) 412(98)  415(95) 0.98

Abbreviations: BMI, body mass index; CM]J, countermovement
jump; CON, control; HE high frequency; PT, plyometric training;
PT+CT, plyometric plus core training; RMSSD, root mean square
of successive differences; SDNN, standard deviation of normal-to-
normal intervals; SJ, squat jump; 1-RM, 1-repetition maximum.

Both training groups demonstrated improvements in
1-RM back squat that were greater than CON (group x time
interaction: F, 35 = 18.72; P <.001; np*> = 0.49). The PT group
improved from a mean (SD) of 92.4 (14.6) kg to 104.2 (15.1)
kg (mean change, +12.8%; 95% CI, 9.4%-16.2%), and the
PT+CT group from 90.8 (13.9) kg to 103.6 (14.8) kg (mean
change, +14.1%; 95% CI, 10.9%-17.3%). The CON group
changed from 91.1 (15.2) kg t0 93.2 (15.0) kg (+2.3%; p =.31).
Pairwise comparisons showed no difference between PT and
PT+CT (p = .58).

w
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CON PT

PT PT+CT
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PT+CT CON
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Fig. 2. CM], SJ, Blood Lactate, and RPE Recorded Pre- and Post-
Exercise at the Post-Intervention Assessment. [Four-panel bar
chart. Panels: (A) CMJ height, (B) SJ height, (C) Blood lactate,
(D) RPE. Each panel shows pre-exercise (light bars) and post-

exercise (dark bars) values for PT, PT+CT, and CON. Significance
markers: * compared to pre-exercise; a compared to CON.]

CM]J height increased in both training groups relative
to CON (group x time interaction: F, s, = 14.36; p < .001;
np” = 0.42). The PT+CT group gained a mean of 8.2 cm (from
34.6 [4.8] cm to 42.8 [5.1] cm), compared with 5.9 cm in PT
(from 35.1 [4.5] cm to 41.0 [4.9] cm) and 1.1 cm in CON (from
34.8 [5.0] cm to 35.9 [4.9] cm). Post hoc analysis indicated that
PT+CT outperformed PT (p =.04; d =0.72) and CON (p <.001;
d =1.89), while PT exceeded CON (p <.001; d = 1.48). SJ height
followed a similar pattern, with the PT+CT group gaining 6.8
cm, PT gaining 4.4 cm, and CON gaining 0.8 cm (group x time
interaction: F, 5 = 11.09; P <.001). Pre- and post-intervention
values for all performance outcomes are presented in Table 3,
and the corresponding bar charts including blood lactate and
RPE are illustrated in Figure 2.

Heart Rate Variability

For resting RMSSD, a significant group x time interaction
was observed (F[2,39] = 9.47; P < .001; np> = 0.33). The

Table 3. ANOVA Results for Performance Outcomes Pre- and Post-Intervention (Mean+SD)

—— PT PT+CT CON ANOVA
Pre Post Pre Post Pre Post Group x Time
1-RM BS (kg) 92.4+14.6 104.2+15.1° 90.8+13.9 103.6+14.8" 91.1+152 93.2+15.0 F=18.72, P<.001, np*=0.49
CMJ (cm) 35.1+4.5 41.0+4.9° 34.6+4.8  42.8+5.1""  34.8+5.0 35.9+4.9 F=14.36, P<.001, np’=0.42
SJ (cm) 31.2+4.1 35.6+4.4" 30.8+4.3 37.614.6 31.0+4.5 31.8+4.4 F=11.09, P<.001, np*=0.30
1-RM BP (kg) 68.2+11.4  74.6+12.0° 67.5+11.1 75.1+12.2° 68.0+11.8 69.3+11.5 F=9.84, P<.001, np>=0.34
Peak Power (W) 876+£108  962+115°  869+102  981+118"  878+112 891+109 F=7.21, P=.002, np*=0.27
Peak Velocity (m/s) 0.54+0.08  0.62+0.09° 0.53+0.07 0.64+0.08° 0.55+0.09  0.56+0.08 F=8.47, P=.001, np°=0.30

Abbreviations: 1-RM BS, 1-repetition maximum back squat; 1-RM BP, 1-repetition maximum bench press; CM]J, countermovement
jump; CON, control; PT, plyometric training; PT+CT, plyometric plus core training; SJ, squat jump. * P < .05 compared to Pre within

group; * P < .05 compared to CON;® P < .05 compared to PT
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Table 4. Resting Heart Rate Variability Indices Pre- and Post-Intervention (Mean+SD)

T PT PT+CT CON ANOVA

Pre Post Pre Post Pre Post Group x Time
MeanRR (ms) 812+74 846+78" 808+71 872482 815+76 821+75 F=5.23, P=.009
RMSSD (ms) 41.8+10.7 49.7£11.4° 4234112 58.6£12.8™  43.1+11.5 44.7+11.8 F=9.47, P<.001
SDNN (ms) 53.4+12.8 61.2+13.1 54.1+13.6  68.9+14.2*  54.8+13.2 56.2+13.4 F=7.83, P=.001
LF (ms?) 524+118 486+112 518+122 462+108" 530+115 522+119 F=3.14, P=.054
HF (ms?) 408+102 496+108" 412498 587+112" 415495 428+101 F=8.21, P=.001
LEF/HF 1.31+0.28 1.02+0.24° 1.28+0.30 0.82+0.22" 1.30+0.26 1.25+0.27 F=4.18, P=.02

Abbreviations: CON, control; HE, high frequency; LE, low frequency; PT, plyometric training; PT+CT, plyometric plus core training;
RMSSD, root mean square of successive differences; SDNN, standard deviation of normal-to-normal intervals. " p < .05 compared to Pre

within group; * p < .05 compared to CON;® p < .05 compared to PT. np” values: RMSSD = 0.33; SDNN = 0.29; HF = 0.30; LF/HF = 0.18.

PT+CT group showed the largest increase (pre: 42.3 [11.2]
ms; post: 58.6 [12.8] ms; change, +16.3 ms; d = 1.35), followed
by PT (pre: 41.8 [10.7] ms; post: 49.7 [11.4] ms; change,
+7.9 ms; d = 0.71), and CON (pre: 43.1 [11.5] ms; post: 44.7
[11.8] ms; change, +1.6 ms; d = 0.14). Post hoc comparisons
confirmed that PT+CT exceeded both PT (mean difference,
8.4 ms; 95% CI, 2.3-14.5 ms; P = .008) and CON (mean
difference, 14.7 ms; 95% CI, 8.6-20.8 ms; P < .001). The PT
group also exceeded CON (mean difference, 6.3 ms; 95% CI,
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ms; post: 68.9 [14.2] ms; change, +14.8 ms; d =1.06) and PT  guwoilll 7 il : ;:Z . o~

(pre: 53.4 [12.8] ms; post: 61.2 [13.1] ms; change, +7.8 ms; & E 0 o

d = 0.60), with minimal change in CON (+1.4 ms; d = 0.10).
The group x time interaction was significant (F, s = 7.83;
p =.001;np*> = 0.29). Post hoc testing showed PT+CT greater
than CON (p <.001) and greater than PT (p =.02), while the
PT versus CON comparison reached significance (p = .04).

Resting HF power increased in PT+CT (pre: 412 [98]
ms-squared; post: 587 [112] ms-squared; d = 1.66) and PT
(pre: 408 [102] ms-squared; post: 496 [108] ms-squared;
d = 0.84), with CON showing negligible change (pre: 415
[95] ms-squared; post: 428 [101] ms-squared; d = 0.13). The
interaction was significant (F( 3, = 8.21; p = .001). The LF/
HF ratio did not differ significantly among groups at either
time point (p =.14).
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Fig. 3. Heart Rate Variability Indices Recorded Pre- and Post-
Exercise at the Post-Intervention Assessment.
[Six-panel bar chart (grouped bars with error bars). Panels: (A)
MeanRR, (B) RMSSD, (C) SDNN, (D) LE, (E) HE, (F) LE/HF ratio.
Each panel shows pre-exercise (light bars) and post-exercise (dark
bars) values for PT, PT+CT, and CON. Significance markers: *
compared to pre-exercise; a compared to CON.]

Post-exercise HRV data revealed that all groups
experienced reductions in RMSSD, SDNN, and HF

w
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o

power following the incremental test at both time points
(all p < .001). At the post-intervention assessment, the
magnitude of post-exercise decline in RMSSD was smaller
in PT+CT (delta, -31.4%) compared with PT (delta, -38.7%)
and CON (delta, -46.2%), and the one-way ANOVA on these
delta values was significant (F (35 = 4.92; p = .01; np® = 0.20).
Resting HRV indices at both time points are presented in
Table 4, and pre- versus post-exercise HRV values at the
post-intervention assessment are illustrated in Figure 3.
Percent changes in all HRV indices, performance variables,
and metabolic markers are depicted in Figure 4.

Muscle Oxygen Saturation

At the post-intervention incremental test, SmO, during
back squat was analyzed using a 3 (group) x 3 (intensity)
mixed ANOVA. A significant main effect of group was

600

00

Delta change (%)
. | |
Delta change (%)
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Delta change (%)

RMSSD SDNN P HE LEMF oMy S| lactate  RPE

Fig. 4. Delta Pre-Post (%) Change in HRV Indices, CMJ, SJ,
Blood Lactate, and RPE From Pre- to Post-Exercise at the Post-
Intervention Assessment. [Three-panel grouped bar chart showing
percent change (delta) values. Panel 1: HRV time-domain indices
(MeanRR, RMSSD, SDNN). Panel 2: HRV frequency-domain
indices (LE, HE, LF/HF). Panel 3: Performance and metabolic
variables (CM]J, SJ, Lactate, RPE). Each variable shows 3 bars (PT,
PT+CT, CON) with error bars. Significance markers: a compared
to CON; b compared to PT.]
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Table 5. SmO,, Total Hemoglobin, and Peak Heart Rate During Post-Intervention Incremental Back Squat at 60% and 80%

of 1-RM (Mean#+SD)

PT PT+CT CON
SmO2 (%) 60% 80% 60% 80% 60% 80% Group Effect
80.1+2.2 76.942.6 82.4+1.9° 79.8+2.4% 78.5+2.4 75.2+2.8 F=12.84, p<.001
tHb (g/dL) 60% 80% 60% 80% 60% 80%
12514022 12.58+0.24 12484020  12.55+021  12.53+0.23  12.61+0.26 F=0.74, p=.48
Peak HR (bpm) 60% 80% 60% 80% 60% 80%
1382458  168.4+42° 1356461  164.8+4.8™  140.1+54  171.0+3.9" F=4.87, p=.01

Abbreviations: CON, control; PT, plyometric training; PT+CT, plyometric plus core training; SmO,, muscle oxygen saturation; tHb, total
hemoglobin. " p < .05 compared to 60%; ° p < .05 compared to 70%; * p < .05 compared to CON;* p < .05 compared to PT. Group Effect
column reports main effect of supplementation condition from 3 (group) x 3 (intensity) mixed ANOVA.

found (F, 3 = 12.84; P <.001; np* = 0.40), along with a main
effect of intensity (F, s = 8.91; p <.001; np® = 0.19), but the
interaction did not reach significance (F, ;s = 1.87; p = .12).

At 60% of 1-RM, SmO, values were 82.4% (1.9%) in
PT+CT, 80.1% (2.2%) in PT, and 78.5% (2.4%) in CON. At
70%, values were 81.2% (2.1%) in PT+CT, 79.0% (2.3%) in
PT, and 77.3% (2.5%) in CON. At 80%, values were 79.8%
(2.4%) in PT+CT, 76.9% (2.6%) in PT, and 75.2% (2.8%)
in CON. Pairwise comparisons showed PT+CT had higher
SmO, than CON at all intensities (p <.01 for each) and higher
than PT at 80% of 1-RM (mean difference, 2.9%; 95% CI,
0.7%-5.1%; p = .01). Total hemoglobin showed no significant
differences among groups at any intensity (p > .10 for all
comparisons). SmO,, total hemoglobin, and peak heart rate
values at both intensities are presented in Table 5.

Peak heart rate during the incremental test was lower in
PT+CT than in CON at 70% of 1-RM (mean difference, 4.8
bpm; p =.02) and 80% of 1-RM (mean difference, 6.2 bpm;
p =.006). The PT group showed lower peak HR than CON at
80% only (mean difference, 4.1 bpm; p =.03). No differences
between PT and PT+CT reached significance for peak HR.

Blood Lactate and RPE

Blood lactate concentrations increased from pre- to post-
exercise in all groups at both time points (p < .001), with
no significant between-group differences in the magnitude
of lactate accumulation at either assessment (group x time
interaction: p =.22). RPE similarly increased post-exercise in all
groups at both assessments, with no between-group differences
(p =.38). Pre-to-post intervention change scores for lactate and
RPE did not differ among groups (p > .20 for all).

Discussion

Mechanism of the Combined Training Advantage

This trial compared plyometric training alone with
combined plyometric-core training and sport-specific
training on autonomic regulation, muscle oxygenation, and
performance in collegiate athletes. Applying the a priori
decision rule, the primary outcome (resting RMSSD) showed
a clear advantage for PT+CT over PT (mean difference,
8.4 ms; p = .008; d = 1.35 vs. 0.71), and both confirmatory
secondary outcomes confirmed this direction: SmO, at 80%

1-RM was 2.9 percentage points higher in PT+CT than
PT (p = .01), and CM]J height gained an additional 2.3 cm
(p=.04;d=0.72). Because all three indicators converged, the
core training component meets the pre-specified criterion
for effectiveness in the autonomic-oxygenation domain.

The autonomic mechanism most consistent with these
data involves improved baroreflex sensitivity. Chronic exercise
training increases arterial baroreflex gain, which speeds vagal
re-engagement after sympathetic perturbation (Nobrega et al.,
2014). The core exercises in our protocol required sustained
isometric contractions with controlled breathing patterns,
and this combination may have functioned as a form of low-
grade respiratory training that further sensitized baroreflex
pathways (Shaffer & Ginsberg, 2017). The 16.3-ms RMSSD
increase in PT+CT exceeds the 7.9-ms gain in PT alone,
and this magnitude aligns with the upper range reported in
a 2025 meta-analysis of long-term exercise effects on HRV
(W. Zhang et al., 2025). The smaller post-exercise RMSSD
decline in PT+CT (31.4% vs. 38.7% in PT and 46.2% in CON)
further indicates that the combined intervention built greater
autonomic resilience under high-intensity loading.

The SmO, advantage in the PT+CT group, present at all
three loading intensities but widest at 80% 1-RM, points to
improved local oxidative capacity rather than increased blood
volume, because total hemoglobin did not differ between
groups. Training-induced gains in capillary-to-fiber ratio,
mitochondrial density, and endothelial nitric oxide production
collectively increase the tissue oxygen reserve, delaying the
pointatwhich oxygen supply fails to match demand (Jonesetal.,
2018). Core exercises that load trunk stabilizers isometrically
while the athlete breathes against postural resistance may have
improved respiratory mechanics and trunk muscle perfusion
efficiency, sustaining cardiac output during heavy lower-limb
loading. Salem et al. (2025) observed a comparable SmO,
preservation without total hemoglobin change following acute
beetroot juice ingestion, attributing the effect to optimized
perfusion of underutilized capillary beds; our data suggest that
chronic combined training produces an analogous adaptation
through vascular remodeling rather than pharmacological
vasodilation.

Boundary of Effect Analysis

The data reveal a clear boundary separating outcomes
where core training adds value from those where it does
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not. The PT+CT advantage was strongest for autonomic
regulation: resting RMSSD (d = 1.35), SDNN (d = 1.06), and
HF power (d = 1.66) all showed large effects favoring the
combined group over PT alone. The oxygenation advantage
was moderate and intensity-dependent: the SmO, difference
between PT+CT and PT was 2.3 percentage points at 60%
1-RM (non-significant), 2.2 points at 70% (non-significant),
and 2.9 points at 80% (p = .01). This pattern suggests that
the core training benefit for muscle oxygenation emerges
primarily under high metabolic stress, where trunk stability
and respiratory mechanics are most challenged.

By contrast, the core training component produced
no additional effect on maximal strength. The 1-RM back
squat improved by 12.8% in PT and 14.1% in PT+CT,
with no between-group difference (p = .58). Bench press,
peak power, and peak velocity followed the same pattern.
These gains fall within the range reported for plyometric-
resistance protocols of comparable duration (Sun et al.,
2025). This plateau indicates that maximal force production
in compound lifts is driven by neuromuscular adaptations
to the plyometric stimulus itself, and core training does not
augment this pathway within the tested intensity range.
Blood lactate and RPE also showed no group differences at
either time point, confirming that the metabolic cost of the
incremental protocol was equivalent across conditions.

Functional Role of the Core Training Component

Synthesizing the boundary analysis, the core training
component functioned as follows within this 10-week protocol.
It enhanced outcomes in three areas: parasympathetic recovery
atrest (RMSSD, SDNN, HF power), muscle oxygenation at high
intensity (SmO, at 80% 1-RM), and functional power transfer
(CMJ height, where trunk stiffness likely improved kinetic
chain coordination as documented by Cabrejas et al., 2023, and
consistent with the kinetic-link model described by Kibler et al.,
2006). It did not affect maximal strength (1-RM BS, 1-RM BP,
peak power), blood lactate accumulation, or perceived exertion.
The data provide no evidence that core training inhibited or
reduced any measured outcome. However, the absence of
loading intensities above 80% 1-RM in our protocol means
that the upper boundary of the core training effect remains
undefined. At near-maximal or supramaximal loads, the
additional training volume from core exercises could introduce
competing fatigue that offsets any cardiovascular benefit.

Lower peak heart rate in PT+CT at 70% and 80% 1-RM
(mean differences of 4.8 and 6.2 bpm compared with CON)
suggests improved stroke volume or peripheral vascular
conductance, allowing equivalent cardiac output at a lower
rate (Michael et al., 2017). PT alone produced a smaller but
directionally consistent trend, consistent with the known
cardiovascular demands of repeated maximal-effort jumping
(Staniszewski et al., 2024). The convergence of lower peak
HR, higher SmO,, and better-preserved post-exercise
RMSSD in the PT+CT group supports the interpretation
that the core component enhanced cardiovascular efficiency
rather than simply adding training volume.

Applied Training Model and Practical Implications

Based on the convergent evidence from the decision
rule analysis, we propose the following applied model for

practitioners working with collegiate team-sport athletes.
When the training goal is to improve cardiovascular
efficiency and autonomic recovery alongside strength and
power development, appending 20 minutes of progressive
core exercises (isometric holds progressing from 2 sets of 30
seconds to 3 sets of 45 seconds; dynamic exercises from 2 x
10 to 3 x 15 repetitions) to each plyometric session, three
times per week for at least 10 weeks, can be expected to
produce meaningful gains in parasympathetic tone and
local muscle oxygenation without compromising maximal
strength adaptation. This model applies to loads up to 80%
1-RM in trained athletes aged 19 to 24 years with at least
2 years of resistance training experience. The model does
not extend to outcomes governed primarily by glycolytic
metabolism (lactate, RPE), which appear insensitive to the
core training stimulus at the tested volume and duration.

Limitations

Several constraints should be noted. First, the sample
(n = 42 completers) was drawn from a single university,
limiting generalizability. Second, we did not measure plasma
biomarkers of vascular function (nitrite/nitrate) or perform
echocardiographic assessment, which would have strengthened
mechanistic interpretations. Third, the control group did not
perform a time-matched sham intervention, so a Hawthorne
effect cannot be excluded. Fourth, NIRS measurements were
limited to a single site on the vastus lateralis. Fifth, loading
intensities above 80% 1-RM were not tested, leaving the upper
boundary of the core training effect unknown. Sixth, the 10-
week duration may not capture the full trajectory of autonomic
and vascular remodeling. Finally, blinding of trainers and
participants was not feasible, although outcome assessors were
blinded. Future studies should incorporate longer interventions
(16 to 20 weeks), direct vascular assessments (flow-mediated
dilation, pulse wave velocity), multi-site NIRS recordings, and
loading protocols extending to 90% or 95% 1-RM to map the
complete dose-response relationship.

Conclusions

In collegiate team-sport athletes (19-24 years), 10 weeks
of training (3 sessions/week, up to 80% 1-RM) demonstrated
that combined plyometric and core training elicited greater
improvements in cardiac autonomic regulation and local
muscle oxygenation than plyometric training alone. The
combined approach increased resting RMSSD (+16.3 ms vs
+7.9 ms), enhanced SmO, during submaximal loading, and
produced modest additional gains in CM]J height (+2.3 cm).
These adaptations may be explained by improved baroreflex
functionandenhancedlocaloxidativecapacityassociatedwith
sustained isometric contractions and controlled breathing
during core exercises. In contrast, maximal strength, blood
lactate, and perceived exertion were unaffected, indicating
domain-specific adaptations. Practically, integrating ~20
minutes of progressive core training into plyometric sessions
may enhance parasympathetic recovery and cardiovascular
efficiency in trained athletes, although effects at near-
maximal intensities require further investigation.
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BnnvB niliomeTpnYHOro TpeHyBaHHA Ta NOro Nno€AHaHHA

3 TPeHYBaHHAM M’A3iB KOPY Ha BeretaTuBHY perynsuito

Ta OKCMreHauito m’asiB nig Yac BUKOHAHHA CUJ1I0BUX BripasB

i3 iIHKpeMeHTaNbHNM HaBaHTa>XKE€HHAM Y CTYeHTiB-CNOPTCMEHIB
xanacexapan Yangpacekapan'5“PE, Cynmap Pamx Hapcinr Pagxk'A°PF,

Bepan Illatim Pamx Kannan ba6a'A®?, Kipan Kymap Harapamx®“PE, Yma ITamanicami'®cP,
dapmxana Akrep bo6i*PE, I0Hi ActyTi*A°PE, [Ixkocroma Temkaci*A <Pk

THcTUTYT MeguuHUX i TexHiyHMX Hayk Casita (CIMATC)

*YuiBepcuret IToHpiveppi

*MixuHapopnHuii yHiBepcutet Japdonin

*Ilep>xaBHuii yHiBepcutet [Tajanra

*Mixnapopnuuit yHiBepcutet CiMm6iosic (yHiBepcuTeT 3i clieliia/IbHUM CTaTyCOM)

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

Pedepar. Crartst: 12 c., 5 Tabn., 4 puc., 39 mxeper.

Mera gocnimKkenss1. Le focmifykeHHst MaIo Ha MeTi MOPiBHATY BIUIMB IuTioMeTprdHoro Tpenysanss (I1T) ta itoro moepHaH-
HA 3 TpeHyBaHHAM M A13iB Kopy (ITT+KT) Ha peryAiiiio BereTaTBHOI HEPBOBOI CHCTEMH Ta JIOKA/IbHY OKCUT€HAL[il0 M A3iB IiJ 9ac
BUKOHAHHS CUIOBUX BIIPaB y CTYAEHTIB-CIIOpTCMeHiB. 30kpeMa, 0y/I0 BuBYeHO 3MiHNU BapiabenbHOCTI cepeBoro purmy (BCP),
carypauil kucHio B M’s13ax (SmO;) Ta MOKa3HNUKIB pe3y/IbTaTUBHOCTI mic/A 10-TY>KHeBOI IHTepBeHIIil.

Marepiamu i meTopu. IIpoBeieHO TpUTpyIOBe paH/IOMi30BaHe KOHTPO/IbOBAHE JOCII/I)KEHH B IapajiellbHUX TPpyNax i3
3aC/IIVIEHHAM OIIIHIOBAYa, Y AKOMY B3sUIM y4acTb 45 CTyHeHTiB-criopTcMeHiB (Bik: 19-24 pokn), sKi 3aiiMal0ThCs BOIENO0IOM,
(byT60)10M Ta 6acKeTOOIOM. YYaCHVKIB PO3IIOAIINIIN 32 METOLOM PAaHOMi3aLiil 1O rpymu IIT (n = 15), rpymu ITT+KT (n = 15) abo
koHTponbHOI rpymu (KOH; n = 15). Ipymna IIT BukoHyBasa nporpecBHi IrioMeTpuyHi Brpasy, Tofi Ak rpymna IIT+KT Bukony-
BaJIa ifleHTMYHe IUTIOMETPUYHE TPEHYBaHH;I, JOIOBHEHe CTPYKTYPOBAHMI BIIPABAMI /51 M SI3iB KOPY, i3 4aCTOTOIO TPY 3aHATTS
Ha TIDKZAeHb npotaroM 10 TwkHis. Ipyna KOH nponosxysaina nuie crenndidne i KOHKPETHOTO BUY CIIOPTY TPEHYBaHH:.
ITepBuHHI MoKa3HUKY BKModany iHgekcu BCP y crani crokoro Ta micna ¢isuynoro HaBaHTaxeHHA (RMSSD, SDNN, moTyx-
HICTD y fiiarra3oHi BUCOKMX 4acToT, cuiBBifHomenHs LF/HF), a Takoxx SmO,, BUMipsHY 3a ;0IIOMOro10 6/1/>KHbOI iH(ppauepBoHOI
CIEKTPOCKOIIil MiJ] 9ac IpKCilaHb 3i IITAHIOI0 Ha IIJIeYax i3 iHKpeMeHTabHMM HaBaHTa)XeHHAM Ha piBHiI 60%, 70% Ta 80% Bif
1-IIM. BropuHHi NOKasHUKY BK/TIOYa/IM MAaKCUMAJIbHY CUITY, Pe3y/IbTaTUBHICTb CTPUOKIB, piBeHb 1aKTaTy B KPOBi Ta Cy0 €KTIBHE
CHpUITHATE HABAHTAXKEHHA.

Pesynbrarn. Copok /iBa y4acHVMKM MOBHicTI0 3aBepum gocnimkenHA. Y rpynax IIT rta IIT+KT crocrepirasocsa 3HauHire
HOKpallleHH: MoKasHMKiB 1-ITM y npucigaHH:AX 3i IITaHTOk0 Ha IUIeYax nopisHAHO 3 rpynor KOH (P <.001). Ipyna ITT+KT mpo-
TeMOHCTPYBasa BUIIi TeMIM 3pocTaHHA iHfekcy RMSSD y crani criokoro mopiBHAHO 3 rpymoto IIT (P = .008) Ta rpymoro KOH (P
<.001). ITip yac BucokointeHcuBHux Brpas (80% Bix 1-IIM) piBenb SmO, 6yB 3Hauno BuiuM y rpymi IIT+KT, Hix B 060X rpymax
IIT ra KOH (P < .01). IToryxsictb Bucokux yactot (HF) micis BukoHaHHs Bipas Kpaite 36epiranacs B rpymni IIT+KT, uixk y KOH
(P =.003). Kpim Toro, mokasHmuku crpubKa 3 KOHTpPPyXOM IIpofeMOHCTpyBamu cyTreimmit npupict y rpymi ITT+KT, mixx y IIT (P
=.04) Ta KOH (P <.001), mpy IbOMY CTaTUCTUYHO 3HAYYIINX BifMiHHOCTeI1 y piBHAX IAKTATY B KPOBi 200 IIOKa3HMKAX PEHITUHTY
crpuitasiToro HaBanTaxeHHs (RPE) BusBieHo He 6y710.

BucnoBku. OTpuMaHi pe3ynbTaTy MiATBEPIKYIOTb, 1110 IO€HAHHA I/TIOMETPUYHOTO TPEHYBaHH: 3 METOJMKOIO TPEHYBaHb
M’s13iB KOpy 3abe3Iiedye 3sHaYHilIle IIOIMIIIeHH [I0Ka3HVKIB BeIreTaTUBHOI pery/IALil Ta OKCUTeHallii M'sI3iB TOPIBHAHO 3 BUK/IIOU-
HVM 3aCTOCYBaHHAM IUTIOMETPUKI, 10 OOIPYHTOBYE iHTerpallito 3a3Ha4€HOT0 METOAY y IporpaMi KOHAMIIITHOTO TPeHYBaHHA
Ha OCHOBI CIJIOBUX BIIPAB 3 METOIO IIOKpaleHHs (isiooriyHoi aganTarii Ta MifBUIEHHS Pe3yIbTaTNBHOCTI.

KirouoBi cnoBa: mrioMeTpuyHe TpeHYBaHHA, CTabIIbHICTD KOPY, BapiabelbHICTh CeplieBOr0 PUTMY, OKCUTeHAllisd M A3iB,
OmKHs iH(ppadepBOHa CIEKTPOCKOIIis, CUIOB] BIIPaBy, BereTaTUBHA PETY/IALIis.
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Abstract

Background. Young soccer athletes often demonstrate insufficient development of balance and agility, which may
limit their overall performance. The integration of structured training programs with virtual reality (VR) technology
offers a promising approach to enhancing these physical components.

Objectives. The study aimed to examine the effect of a VR-based multimodal training program integrating the

FIFA 11+ protocol on balance and agility in young soccer players.

Materials and Methods. A randomized controlled trial with a pretest-posttest design was conducted involving

20 male soccer players aged 11-13 years. Participants were randomly assigned to an experimental group (VR-based
training, n = 10) and a control group (conventional training, n = 10). The intervention lasted 8 weeks (3 sessions

per week). Balance was assessed using the Stork Static Balance Test, and agility using the T-Test. Data were analyzed
using mixed ANOVA with repeated measures, including evaluation of the Time x Group interaction, and effect sizes
(Cohen’s d).

Results. A significant Time x Group interaction was observed for balance (F = 124.35, p < 0.001) and agility

(F =26.21, p < 0.001). The experimental group demonstrated greater improvements in balance (A = 4.87 s; d = 1.07)
and agility (A = 0.83 s; d = 2.70) compared to the control group (A =1.37s;d =0.54 and A = 0.31 s; d = 1.05,
respectively).

Conclusions. The findings indicate that VR-based multimodal training significantly improves balance and agility in
young soccer players and can be considered an effective and innovative approach in youth soccer training programs.
Keywords: virtual reality, multimodal training, balance, agility, soccer.

Introduction Accordingly, athletic performance is largely determined
by an athlete’s physical, technical, and tactical capacities
(Koopmann et al., 2020). In addition, integrating sport-
specific exercises, particularly in youth soccer, into this

routines can benefit physical performance and long-term

An athlete in a multifactorial sport, such as soccer,
requires physical fitness, high technical skills, and well-
developed tactical competencies. Many studies show

that physical fitness has the greatest influence on overall
physical performance of soccer players (Luo et al., 2023).

© Annasai, F, Umar, Sabillah, M. 1., Ockta, Y., & Hiruntrakul, A.,
2026.
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physiological adaptation. Athletes who compete regularly
require well-developed physical components particularly
adolescents aged between 10 and 14 years and boys involved
in sports activities that demand repeated jumping and
agility movements (such as soccer, basketball, volleyball,
and tennis)(Almousa et al., 2024; Chamera et al., 2023).
Some studies define agility as rapid whole-body movement
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involving changes in speed or direction in response to
external stimuli such as ball movement, opponent movement,
and teammate movement (Z. Zhao et al., 2026). Soccer
players often perform complex maneuvers, such as rapid
changes of direction, high-intensity sprints, and precise ball
control, which require synchronized effort from both legs
(Haddad, 2024). During actions such as kicking, passing,
and jumping, players tend to rely predominantly on one leg,
which demands well-developed balance capacity (DeLang
et al,, 2021). Therefore, young soccer players must develop
good balance and agility skills to support the systematic
development of movement quality.

Observations conducted with coaches at the Soccer
School (SSB) in November 2025 revealed that the athletes’
physical capacity was not yet optimal. The mean agility
ability score measured using the T-Test agility showed 12.5
seconds categorised as low and below the normative profile
of competitive young athletes. The mean balance score
measured using the Stork Static Balance Test was 27 seconds,
below the normative average for most people. Without
targeted intervention, young soccer players will continue to
experience deficits in physical performance, particularly in
balance and agility. Targeted physical performance training
is a highly effective intervention in sports training programs.
. An increasing number of athletes and teams have adopted
physical training programs as an important component of
warm-up or exercise routines The goal is to improve the
physical performance of young athletes through balance and
agility components. FIFA11+ is one of the most eefective
training programs to improving athletes’ balance and agility
(Aouadi et al., 2025). FIFA 11+ is a multimodal exercise
programs derived from neuromuscular training principles
(Belamjahad et al., 2025). Literature review, it is shown
that there is positive evidence regarding the effect of the
FIFA 11+ program on physical performance outcomes in
young female athletes aged 9 years (Kambitta Valappil et al.,
2025). Initially developed as an injury prevention protocol,
the FIFA 11+ programs has also been shown to be effective
in improving athletes’ physical fitness more broadly (Nuhu
et al., 2021). The integration of the FIFA 11+ programs
with emerging sports technologies such as virtual reality
(VR) can provide valuable insights into the true potential
of technology-enhanced training compared to traditional
methods (K. Zhao & Guo, 2022). VR can be utilized to
enhance the performance of individual athletes and serve
as a valuable tool for coaches and teams in designing more
effective physical and tactical strategies. VR can transform
training sessions into engaging and immersive experiences,
making practice more enjoyable and motivating for athletes
(Richlan etal., 2023). According to Shousha et al., (2021), VR
training can improve static and dynamic balance in soccer
athletes aged 12-16 years. Virtual reality training has also
been shown to be an enjoyable medium that increases agility
inadults (Wang, 2023). The benefits of VR in complementing
conventional training include the creation of an immersive
multisensory environment and the facilitation of faster and
more effective motor pattern development.

To date, virtual reality research has largely focused
on physical fitness, injury rehabilitation, and education.
However, physical performance training programs targeting
the balance and agility components of young soccer athletes
through FIFA 11+-integrated VR multimodal training have

notbeenstudied. This study therefore presentsan opportunity
to investigate the effects of VR-based multimodal training on
youngsoccer athletes. By targeting the physical components of
balance and agility, training interventions can prevent young
soccer athletes from failing to reach their developmental
potential. This study uses the FIFA 11+ protocol with VR-
based multimodal training to improve balance and agility.
The VR simulation is interactive, enabling the enhancement
of balance and agility in young soccer players. The insights
gained will inform the development of balance and agility
training strategies through VR-based multimodal exercises
for young soccer players.

Materials and Methods

Participants

The participants in this study were young male soccer
athletes aged 11 to 13 years. This study was carried out from
January to March 2026 at a soccer training center in Indonesia.
The sample comprised 20 athletes recruited using random
sampling and subsequently allocated at random to one of
two groups. The experimental group (n = 10) received VR-
based multimodal training, while the control group (n = 10)
underwent conventional training without virtual reality. The
sample must meet certain inclusion criteria, including having
been a registered soccer club athlete for at least one year, being
male, and being physically active with a training frequency
of three sessions per week. Exclusion criteria included any
current illness that could affect physical activity or physical
condition at the commencement of the study. Participants were
also excluded if they had a history of medical conditions. All
participants were first given an explanation of the objectives of
the study as well as the initial conditions required to participate
in the activity. Written informed consent was obtained from all
participants prior to commencing the study. In addition, the
testing procedure was explained thoroughly and in detail, with
special emphasis on important aspects to minimize the risk of
injury during the study.

Study Design

This study uses a quantitative approach with a
randomized controlled trial design pretest and posttest.
The research was conducted for 8 weeks from January to
March 2026. This design is to determine the effect of virtual
reality-based multimodal training programs compared to
conventional training methods in improving the balance
and agility of young soccer athletes (fig. 1).
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Fig. 1. Experimental Design of the Study
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Procedures and Instruments

The procedural sequence consisted of three stages: pre-
test, program intervention, and post-test.

Pretest

The measurement test was initiated to measure balance
using the Stork Static Balance Test and to measure agility
using the T-Test Agility. Measurements were carried out
with the same procedure on all subjects to ensure data
consistency.

Program Intervention

The training program was carried out 3 times per week
for 8 weeks. Virtual Reality ExperimentalGroup: Research
subjects performed a VR-based multimodal training
programme using the Meta Quest 2 device, integrating the

FIFA 11+ protocol for 20 minutes per session, incorporating
balance training, core stability, plyometric exercises, and
agility drills.

This exercise using virtual reality tools has interactive
aspects, security, and affordability of use. In the context
of soccer, virtual reality-based multimodal training was
developed to replicate the game conditions of the sport of
soccer through controlled simulations, including response
to visual stimuli, the ability to change direction dynamically,
and theintegration of movement coordination. Thisapproach
allows athletes to adapt to the situational demands of the
game in a more specific and measurable way. The control
group conventionally had a training program consisting of
agility exercises: shuttle run, ladder drill; balance exercises:
ladder drill + balance, plyometric exercises: box jump and
lateral jump for 30 minutes per session. Conventional
training was conducted without virtual reality and was
designed for general youth soccer training.

Table 1. FIFA 11+ Virtual Reality-based integrated multimodal training program

Training Unit Components Movement Name Description
Part 1 - Running Exercises (6 Running Straight Ahead Run straight for about 40 m, then run back
Movements for § minutes) Running Hip Out Walk/run while rotating the hips outward

Running Hip In
Running Circling Partner

Running Shoulder Contact

Running Quick Forwards & Backwards

Walk/run while rotating inward
Running around a partner (about 2 m)
Run side by side shoulder contact

Run forward and backward quickly

Part 2 - Strength, Balance &
Plyometrics (15 Movements for 10
Minutes)

Level 1 (Beginner)

The Bench (Static)
Sideways Bench (Static)
Hamstrings (Beginner)
Single-Leg Stance

Squats (With Toe Raise)
Jumping - Vertical Jumps
Level 2 (Intermediate)

The Bench (Alternate Legs)

Sideways Bench (Raise Lower Hip)

Hamstrings (Intermediate)

Single-Leg Stance (Throwing Ball)

Squat (Walking Lunges)
Jumping - Lateral Jumps
Level 3 (Advanced)

Static plank push-up position

Static side plank

Two-legged bridge, heels on the floor
Stand on one foot

Squat + lift heels

Vertical jump, soft landing

Plank + alternate leg raises

Side plank hip lift

One-legged bridge

One foot + throw and catch the ball
Forward lunge step

Side jump on one foot

The Bench (One Leg Lift & Hold)
Sideways Bench (With Leg Lift)
Hamstrings (Advanced)
Single-Leg Stance (Partner Push)
Squats (One-Leg Squats)

Jumping-Box Jumps

Single-leg plank hold

Side plank + leg lift
Nordic hamstring exercise
One foot + partner’s push
Single-leg squat

Jump to the box + controlled landing

Part 3 - Running Exercises (3 Moves
for 2 Minutes)

Running Across the Pitch
Running Bounding

Running Plant & Cut

Sprint across the field
Run with explosive long strides

Run, stop, change direction sharply
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Fig. 2. Virtual reality-based multimodal training

Instruments
Agility: T-Test Agility

Time counting begins when participants cross the start/
finish line of the start time counter and stops when they
return to the finish line. Three attempts were conducted with
arest interval of 2-3 minutes between each attempt, and the
best time was recorded. The T-Test agility test is conducted
using the standard version as reported in the literature i.e.
forming a distance of 10 x 10 m.

Sm B 5m &

A- q \= A

10m

O 3 O timing gate
finishing starting

A

Fig. 3. T-Test Agility

Balance: Stork Static Balance Test

Balance was measured using the Stork Static Balance
Test. ‘Participants stood upright with both hands on the hips
and placed the non-dominant foot against the inner knee of
the stance leg, then lifted the heel of the stance foot off the
ground on the signal “go”. Participants are asked to maintain
this position as long as possible. The test ends when the
raised heel touches the ground or when the supporting foot

moves away from the knee. Tested over 3 trials, the best score
is used. The test-retest reliability is 0.86

Post-test

After the intervention was completed over 8 weeks,
participants were reassessed using the same instruments
as in the pre-test stage. The post-test results were then
compared with the initial measurements to determine the
level of improvement in balance and agility.

Statistical Analysis

Data were analysed using SPSS version 23, the normality
of data distribution was tested using the Shapiro-Wilk
test and Levene’s test was used to confirm homogeneity of
variance. Descriptive statistics were used to determine the
basic parameters of the test results in each group (experiment
and control) at the initial and final test stages (mean;
standard deviation). To test the hypotheses and analyse
differences between initial and final test scores within and
between groups, a mixed ANOVA with repeated measures
was employed to evaluate changes over time and compare
subjects’ scores from both groups. In all tests, the confidence
level used was 0.05. In addition, Cohen’s d coefficient was
included as an indicator of effect size. The criteria for effect
size were set as follows: negligible (<0.20), small (0.20-0.50),
medium (0.50-0.80), and large (>0.80).

Results

Description of Research Data

The description of the data shows the average values
of balance and agility before and after the intervention in
the virtual reality (experimental) group compared with the
conventional (control) group.

Based on Table 2 the experimental group (virtual reality)
showed significant descriptive results. The mean balance value
increased from 35.82 to 40.69 seconds, while agility increased
from 12.16 to 11.33. The experimental group recorded
significant differences in balance and agility between the pre-
test and post-test compared to the control group, which showed
small variations as shown in the table above.

Preliminary Assumption Tests

Normality Test

The data normality test used the Shapiro-Wilk method
with a significance level of 0.05.

Table 2. Descriptive Statistics of the Experimental Group vs Control Group

Experimental Control
Variable
N Min Max Mean SD Min Max Mean SD
PreTest Balance 10 27.86 42.75 35.82 4.80 28.96 36.41 32.40 2.52
PostTest Balance 10 33.82 48.73 40.69 4.82 30.77 38.13 33.77 2.55
PreTest Agility 10 11.68 12.70 12.16 0.34 12.10 13.01 12.60 0.31
PostTest Agility 10 10.97 11.78 11.33 0.27 11.95 12.69 12.30 0.26
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Table 3. Normality Test Results

Variable Sig. Experimental Sig. Control Description

Pre-test Balance 0.945 0.787 Normal
Post-test Balance 0.867 0.346 Normal
Pre-test Agility 0.847 0.705 Normal
Post-test Agility 0.676 0.280 Normal

The results of the normality test showed that all pre-test,
post-test, balance and agility variables as well as experimental
and control had a significance of p > 0.05 so that it could be
concluded that the data were distributed normally and met
the assumptions of parametric analysis.

Homogeneity Test

Table 4. Homogeneity Test Results

Variable Sig. Description
Pre-test Balance 0.62 Homogeneous
Post-test Balance 0.85 Homogeneous
Pre-test Agility 0.736 Homogeneous
Post-test Agility 0.872 Homogeneous

The results of the homogeneity test showed that the
variance across all groups was homogeneous (p > 0.05).

Hypothesis Test

Mixed Anova Test

Hypothesis Test of Virtual Reality-Based Exercise on
Balance

Table 5. Summary of Hypothesis Testing of Virtual Reality
on Balance

souce IS o Mot & s
Time 97.188 1 97.188 393.044 0.000 0.956
Time*Group 30.748 1 30.748 124.348 0.000 0.874
Error (Time) 4.451 18 0.247

Based on the results of table 5 on the Time x Group row,
the value of F = 124.348 (p<0.05) means that there is a Time
x Group interaction.

Estimated Marginal Means of MEASURE_1

Group

Eksperiment
Control

42,00

40,00

38,00

36,00

Estimated Marginal Means

34,00

32,001

Time

Fig. 3. Plot of the Experimental Group and the Control Group

Figure 3 Shows that there is an interaction between the
experimental group and the control group across the pre-test
and post-test measurement points.

Hypothesis Test of Virtual Reality-Based Exercise on
Agility
Table 6. Summary of Hypothesis Test of Virtual Reality on
Agility

Type III Sum Mean . 2

S of Square Square Sig. np
Time 3.336 1 3.226 123.186 0.000 0.873
Time*Group 0.686 1 0.686  26.210 0.000 0.593
Error (Time) 0.471 18 0.026

Based on the results of Table 6 in the Time x Group row,
it shows an F value = 26.210 (p<0.05) which means there is a
Time x Group interaction.

Estimated Marginal Means of MEASURE_1

Group

Eksperiment
12,50 Cortrol

W
7
1

12,00

11,75+

Estimated Marginal Means

11,50

11,25+

T T
1 H
Time

Fig. 4. Plot of the Experimental Group and the Control Group

Figure 4 shows that there is an interaction between the
experimental group and the control group during the pre-
test and post-test.

Table 7. Effect Size (Cohen’ d)

Effect Size

Variable  Group A (Change) ) Category

Balance Experimental +4.87 seconds 1.07  Large
Control +1.37 seconds 0.54  Medium

Agility  Experimental +0.83 seconds 2.70  Very Large
Control +0.31 seconds 1.05  Large

Effect size analysis showed that virtual reality-based
interventions had a large impact on balance and a very large
impact on agility. The effect size value was very large (d >
0.80) in the experimental group (virtual reality) compared
to the control group.

Discussion

This study provides evidence that FIFA 11+-integrated
VR-based multimodal training has a significant impact on
the balance and agility abilities of young soccer athletes. The
significant Time x Group interaction indicates meaningful
difference in pre-test and post-test scores between the
experimental and control groups, as illustrated in Figures
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3 and 4. Another study highlights the significant positive
impact of the integration of virtual reality technology in
improving the physical components of young female soccer
players (Makhadmeh & Fayad, 2025). Consistent with these
findings, the VR-based experimental intervention produced
markedly greater improvements in balance and agility than
the conventional control condition. In conventional sports
training, motivation and comfort tend to decline as training
intensity increases; however, the present study found that
intensity and comfort of sports training in the higher
intensity phase through VR (Giakoni-Ramirez et al., 2023).
These findings should be interpreted with consideration of
the specific characteristics of the participants, who are young
soccer athletes aged 11 to 13 years. The literature reveals that
high-achieving young athletes who start playing earlier in
sports involving more specific training demonstrate faster
progress than those who begin later (Giillich et al., 2022).
This idea supports the theoretical suggestion about the
developmental phases of young athletes’ talent, one of which
is the early enhancement of physical capacity before the
secondary specialization period in the form of specialized
training. Specialised warm-up training in the form of FIFA
11+ with VR technology improves proprioception and
neuromuscular control by providing visual stimulation to
users as they perform athletic movements carried out in a
safe environment (Pangestuputra & Changestu, 2024). Given
that soccer demands a high level of physical conditioning,
incorporating training elements such as balance and agility
into warm-up routines is particularly important (Barbour et
al., 2024). Bukowska et al., (2021) found that body balance
improves with an increase in the duration and intensity of
exercise. The present study’s multimodal training programme
incorporates movement components specifically targeting
balance and agility. a menu of multimodal training programs
contains movements that resemble components for balance
and agility.

The multimodal integrative training derived from FIFA
11+ encompasses balance training, core stability work,
plyometrics, and agility drills which may be a concern due
to potential cumulative effects. However, systematic reviews
report that concurrent training is more effective than single-
mode plyometric or balance training in improving agility
and balance in children and adolescents (Blavt et al., 2023;
Sun et al,, 2025). Multimodal training has a component of
virtual reality-based agility training that can affect athletes’
agility. In line with Li et al. (2025) the effectiveness of virtual
reality training in improving athletes’ physical abilities
includes speed, flexibility, and agility. The improvement of
balance and agility based on virtual reality is greater than
conventional. Similarly, Cariati et al., (2025) revealed that
virtual reality training was better than conventional training
control groups with regard to the balance of young soccer
athletes aged 15 to 16 years.

The present study demonstrates that a training program
of three sessions per week over 8 weeks significantly improves
agility. Arede et al., (2022) demonstrated that a similar
multimodal protocol based on the FIFA 11+ framework,
conducted twice weekly over six weeks, improved agility
in 11-year-old athletes. Meanwhile, FIFA 11+ using virtual
reality shows success in simultaneously improving balance
and agility in athletes who trained for 8 weeks (Davidovica et
al., 2025; Panchal et al., 2025). Research findings by Demeco

et al., (2024) show that VR is superior to other forms of
training because it provides more immersive and engaging
information, and effectively improves cognitive perceptual
skills. This study provides an additional improvement in the
performance of young soccer players through a multimodal
training program. These findings suggest that VR-based
training represents a technologically advanced alternative
to conventional training approaches. Although the findings
are promising, several limitations should be acknowledged.
Future studies are recommended to adopt longitudinal
designs with larger and more diverse samples, accounting
for gender and age range, over extended study durations..

Conclusions

Based on the findings of this study;, it can be concluded
that virtual reality-based multimodal training can improve
the balance and agility of young soccer athletes. In addition,
from the data, the increase statistically has more impact
than conventional training. Virtual reality-based training
enhances physical performance through an immersive,
engaging, and effective training experience. This positions
VR-based multimodal training as an innovative method in
the field of training technology for modern soccer. Thus,
further research is recommended for a longer research time
and a wider sample to obtain more detailed data.
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Bnane mynbtuMoganbHNX Nporpam TpeHyBaHb
Ha OCHOBI BipTYyanbHOI peasbHOCTi Ha NOKa3HUKN
piBHOBaru Ta CNPUTHOCTI IOHUX PpyTOONICTIB

dasza Annacait'**“P, Ymap?*8PE, Myxamap Ixcan Cabimmax®*P,
Nosxanpapa Okra*‘"E, Ammpa XipyHrpakymr®PE

' lep>kaBHMIt yHiBepcuTeT JHKOK AKApTH
*[lep>xaBHuit yHiBepcutet [Taanra
*[ep>xaBHuit yHiBepcutet Cypabai
*Yuisepcurer Teyky Ymap

*YuiBepcurer Kxon Kaen

ABTOpPCHKNMIT BKIAJ;: A — au3aiiH gocnipkenHs; B — 36ip ganux; C - cratananis; D - migroroska pykormcy; E — 36ip kowrtis

Pedepar. Crarts: 12 c., 5 Tabn., 4 puc., 39 mxepern.

O6rpynryBanHs. IOHi GpyTOomicTy 4acTo leMOHCTPYIOTh HEJIOCTATHIII piBeHb PO3BUTKY PiBHOBATY Ta CIIPUTHOCTI, 1[0 MOXe
06MeXXyBaTH IXHIO 3aTa/IbHY Pe3y/IbTaTUBHICTD y Ipi. IHTerpalis CTPYKTYPOBaHUX TPEHYBATbHIUX IIPOTrPaM i3 TEXHOJIOTisAMM Bip-
TyanbHol pearmbHOCTI (VR) € IePCIeKTMBHIM IIAXOO0M [0 BIOCKOHAIEHHS IMX (Pi3NIHIX CKIaJOBUX.

Mera gocmimKeHH:A. MeTo0 JOCTiIKeHH: 0y/I0 BUBYMTHU BIUIMB MY/IbTMMOJa/IbHOL ITPOrpaMy TpeHyBaHb Ha 0cHOBI VR, 110
inrerpye nporoxon FIFA 11+, Ha MOKasHMKY PiBHOBArM Ta CIIPUTHOCTI I0HKX Py TOOICTIB.

Marepianu i meTopu. IIpoBeneHo paHioMi3oBaHe KOHTPOIbOBAHE JJOCTI/PKEHH:A 32 CXEMOIO IIPETeCT—IIOCTTECT i3 3a/IyyeH-
HsaM 20 yT6omicTiB 4ooBivoi crari Bikom 11-13 pokiB. Y4acHMKIB 6Y/I0 pO3IOAiIEHO 3a METOZOM paHAOMI3alil Ha eKcrepy-
MeHTaJ/IbHy I'pyIy (TpeHyBaHH:A Ha ocHOBI VR, n = 10) Ta KOHTpO/NbHY Ipyny (Tpajuiiiini TpenyBanHs, n = 10). [nTepBeHIiiina
IporpaMa TpyBaia 8 TYDKHIB (3 3aHATTA Ha TIDKJEHD). []/14 oLliHIOBaHHA PiBHOBATY BUKOPUCTOBYBAJIY TeCT CTATUYHOI piBHOBArn
«Jlenexa», a CIpUTHICTb BUMipIOBaIN 3a JOIIOMOTo10 t-kpuTepito CTblofieHTa. AHaIi3 JaHUX IPOBEEHO i3 3aCTOCYBaHHAM 3Millla-
HOTO ABO(AKTOPHOTO AVCIEPCiiTHOTrO aHaIi3y 3 IOBTOPHMUMM BYMipIOBaHHAMM, BK/IIOYAIOUM OIIIHKY B3a€EMOJIil YMHHMKIB «Hac X
Ipyma» Ta posmipu edexry (d Koena).

Pesynpraru. BussieHo 3Hauymly B3aeMofiito umHHUKIB «Hac x Ipyma» g mokasHukis pisaosaru (F = 124,35, p < 0,001)
ta cipurHocTi (F = 26,21, p < 0,001). B excriepuMenTanbHiit rpymi 3adikcoBaHO CyTTeBillle IOKpalieHHs piBHOBarn (A = 4,87
¢; d = 1,07) ta cinpurhocri (A = 0,83 ¢; d = 2,70) nmopiBHAHO 3 KOHTpONIbHOIO rpymomo (A = 1,37 ¢;d = 0,54 Ta A = 0,31 ¢; d = 1,05
BiIIIOBiHO).

BucnoBku. OTpumaHni pesynbraTy CBifidaTh, 110 MYIbTMMOJA/NbHI TPEHYBaHHA Ha OCHOBI TexHosorii VR gocrosipHo mo-
KpallyIoTb PiBHOBAry Ta CHPUTHICTb IOHUX (byT60)IiCTiB, i IX MOXKHA POSITIALATH AK e(’peKTMBHMI?I Ta iIHHOBALiIHWIA IifIXif Y ITpO-
rpaMax MiITOTOBKM I0HAIBKOTO (pyTOOTY.

KmrouoBi croBa: BipTyanbHa peanbHiCTh, MyIbTYMOJIATbHE TPEHYBAaHHA, piBHOBAra, CIPUTHICTD, GyTOO.
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Abstract

Objectives. This study aimed to examine how cognitive and affective trust are organized within acrobatic pairs
depending on compatibility type and partner role. It was hypothesized that trust organization varies across
compatibility configurations and partner roles, and that the balance between cognitive and affective trust reflects
distinct mechanisms of interaction regulation associated with responsibility distribution and regulatory tension

within the dyadic system.

Materials and Methods. The study involved 25 acrobatic pairs (N = 50 athletes) aged 11-16 years competing

in acrobatic gymnastics at the stage of preliminary basic training. Compatibility types were determined according

to a typology of acrobatic pair compatibility previously developed by the authors. The typology integrates

indicators of technical execution reliability, postural and phase coordination, and emotional-expressive coherence.
Interpersonal trust was assessed using an adapted version of Daniel J. McAllister’s Affect- and Cognition-Based Trust
Scale. Nonparametric statistical procedures were applied, including Kruskal-Wallis tests, Mann-Whitney U tests,

and Dwass-Steel-Critchlow-Fligner post-hoc comparisons.

Results. The findings revealed generally high levels of interpersonal trust between partners. No statistically
significant differences between partner roles were identified. However, the structure of trust organization differed
across compatibility types. Functionally oriented pairs demonstrated relatively higher cognitive trust, whereas
expressively oriented pairs exhibited relatively higher affective trust. Complex synergy pairs showed consistently high
levels of both trust components and demonstrated the highest values on the trust balance index, indicating a more

integrated mechanism of interaction regulation.

Conclusions. Trust in acrobatic pairs functions not only as an individual psychological characteristic but also
as a mechanism regulating interaction within a functionally asymmetric partnership. Variations in the balance
between cognitive and affective trust reflect different coordination mechanisms associated with the distribution
of responsibility, emotional synchronization, and interaction stability in acrobatic pairs.

Keywords: interpersonal trust, partner compatibility, dyadic interaction, interpersonal coordination, functional role

asymmetry, acrobatic gymnastics.

Introduction

In sports that require close coordination between two
athletes, such as sports acrobatics, pair figure skating, and
other synchronized disciplines, competitive success largely
depends on the quality of interaction between partners. The

© Maksymova, Y., Voronova, V., Maksymov, S., Denysenko, V., &
Kolesnik, I., 2026.

@ PETM
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execution of complex elements requires precise temporal and
spatial coordination, continuous prediction of a partner’s
actions, and the ability to maintain stability within the pair
(Eccles & Tenenbaum, 2004).

In acrobatic gymnastics, such coordination unfolds
during the execution of competitive routines, where partners
must continuously adjust their movements within a shared
performance structure.

Sports acrobatics provides a particularly clear example of
such interdependence. Acrobatic elements require constant
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coordination between partners performing different
functional roles within the pair. Typically, the base partner
maintains the stability of the support system, whereas the top
partner performs complex dynamic and balance elements
that depend on the base’s reliability. This structure creates
pronounced role asymmetry and a high level of mutual
dependence during performance (Denysenko, 2020).

Interaction between partners in technical-aesthetic
sports, including sports acrobatics and pair figure skating,
may involve at least two complementary dimensions of joint
performance. The first concerns functional coordination
and the distribution of motor roles within the pair,
particularly in tasks requiring asymmetric contributions
from partners. Research within ecological dynamics and
joint action frameworks shows that such coordination
emerges through continuous perceptual-motor coupling
between performers, allowing them to stabilize joint actions
within a shared action space under changing task constraints
(Aradjo et al.,, 2006; Passos et al., 2012; Vicaria & Dickens,
2016). In this perspective, stable performance emerges
through interpersonal coupling that links partners into a
coordinated system. In sports acrobatics, this functional
dimension of interaction has been described through the
concept of technical coordination reliability between
partners (Maksymov & Denysenko, 2025).

The second dimension concerns expressive and
interpersonal synchronization reflecting emotional and
communicative aspects of interaction (Hoehl et al., 2021).
In technical-aesthetic sports, competitive routines combine
technical execution with artistic and expressive components
contributing to performance evaluation (FIG, 2024; Odynets
et al., 2023). In sports acrobatics, expressive coordination
between partners has also been identified as an important
component of partner compatibility and performance
interaction (Maksymov et al., 2026). Within this discipline,
partners must maintain functional coordination of
movement while simultaneously creating expressive unity
of performance.

Effective interaction in highly interdependent tasks
depends not only on technical coordination but also on
psychological mechanisms supporting joint action (Marsh et
al., 2009; Sebanz & Knoblich, 2021). Studies on interpersonal
coordination show that successful cooperative performance
requires partners to anticipate each other’s actions and
continuously adjust their movements (Hoehl et al., 2021;
Marschner et al., 2024; Dockendorff et al., 2025). More
broadly, coordinated behavior emerges through dynamic
coupling and mutual adjustment between interacting
individuals (Schmidt & Richardson, 2008; Richardson et al.,
2007), while similarity in movement dynamics may facilitate
coordination and stabilize cooperative performance
(Stowinski et al., 2016). Research on joint action also suggests
that efficient coordination depends on how interacting
individuals distribute effort and responsibility within the
shared action system (Torok et al., 2019).

Within sport contexts, trust is considered an important
psychological factor facilitating cooperation, decision-
making, and interaction stability in both team and dyadic
activities (McAllister, 1995; Mayer et al., 1995; Carron et al.,
2012; Filho, 2020; McGuire et al., 2025). In social psychology,
trust is conceptualized as a mechanism enabling individuals
to accept vulnerability under conditions of uncertainty and

interdependence (Simpson, 2007; Rotenberg et al., 2025).
Trust increases the predictability of a partner’s behavior
and supports the willingness to rely on another person in
situations involving uncertainty and shared responsibility.

In acrobatic pairs, complex elements often place one
partner in a physically vulnerable position, requiring strong
mutual reliance between athletes. Trust is commonly defined
as a willingness to accept vulnerability based on positive
expectations regarding another person’s actions (Mayer et al.,
1995). In highly interdependent motor tasks such as acrobatic
pair performance, this willingness may involve relying on
a partner for control and responsibility during complex
elements. Under conditions of role asymmetry between
the top and the base partner, such delegation becomes a
necessary component of coordinated performance. Trust
may therefore function as a psychological mechanism
regulating the tension between maintaining individual
control and delegating part of this control to a partner
during joint performance.

From the perspective of joint action research, successful
cooperation emerges through dynamic regulation of shared
action and continuous mutual adjustment (Marsh et al.,
2009; Sebanz & Knoblich, 2021; Boukarras et al., 2025). In
this context, trust may facilitate interpersonal coordination
during joint performance. The interaction between
individual motor control and the need to coordinate actions
with a partner may create a state of regulatory tension
reflecting the balance between individual and shared control
of movement. Similar dynamics between synchrony and
individual action have been discussed in broader frameworks
of social interaction (Mayo & Gordon, 2025). In dyadic
performance contexts, the quality of partnership interaction
has also been linked to athlete engagement and competitive
outcomes (Liu et al., 2023). Neuroscientific studies further
suggest that successful interpersonal interaction may be
accompanied by neural synchronization between partners,
supporting a multi-level understanding of coordination in
dyadic performance (Zhao et al., 2024).

Despitetherecognizedimportance of trustin cooperative
activities, its role in regulating dyadic interaction in sports
acrobatics remains insufficiently understood. Most studies
have examined trust primarily as an individual psychological
characteristic. However, in highly interdependent motor
tasks such as acrobatic pair performance, trust may function
as a property of dyadic interaction itself. Little attention has
been given to the balance between cognitive and affective
components of trust and their potential role in stabilizing
coordinated performance between partners. Such regulatory
dynamics may vary depending on how interaction is
organized within the pair, suggesting that different
compatibility configurations may be associated with distinct
patterns of trust organization. Previous research in sports
acrobatics indicates that pair interaction may be organized
through different compatibility configurations integrating
technical coordination reliability and emotional-expressive
coherence (Maksymov & Maksymova, 2025). Biomechanical
research also emphasizes the importance of precise inter-
partner coordination and interaction dynamics in partner-
assisted acrobatic elements (Leite, 2025; Leite et al., 2023).

In highly interdependent sports such as Acrobatic
Gymnastics, the stability of joint routine execution may
therefore depend on how psychological mechanisms
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support interpersonal coupling between partners. Within
this framework, trust may represent one of the psychological
mechanisms through which different compatibility
configurations regulate interaction between partners during
joint performance. The aim of this study was to determine
how cognitive and affective trust are distributed within
acrobatic pairs depending on compatibility type and partner
role. It was hypothesized that trust organization differs
across compatibility types and partner roles, and that the
balance between cognitive and affective trust reflects distinct
patterns of dyadic regulation during joint performance.

Materials and Methods

Study Design

The study employed a cross-sectional descriptive-
comparative design focusing on structural configurations
rather than solely on mean-level differences. The analytical
framework emphasized the role-based organization of
cognitive and affective trust within asymmetric dyadic
interaction.

Participants

The initial sample consisted of 30 acrobatic pairs (N = 60
athletes) aged 11-16 years competing in sports acrobatics at
the stage of preliminary basic training. Inclusion criteria
required at least three years of shared training experience and
the absence of acute injuries at the time of data collection.

Following compatibility profiling procedures (see
Sample and Analytical Strategy), 25 pairs (N = 50 athletes)
representing stable regulatory configurations were included
in inferential analyses.

The mean age of top partners was 15.48 years (SD = .58),
whereas base partners had a mean age of 12.12 years
(SD = 1.08). Data collection was conducted during the
regular training period.

Ethical Considerations

The study was conducted in collaboration with sports
clubs specializing in acrobatic gymnastics. Participation was
voluntary, and written informed consent was obtained from
all athletes and their legal guardians. The procedures involved
performance assessment and psychometric evaluation and
were conducted in accordance with the ethical standards for
research involving human participants and the principles of
the Declaration of Helsinki.

Sample and Analytical Strategy

All 30 pairs were initially profiled within a two-
dimensional compatibility matrix integrating technical
coordination reliability and emotional-expressive coherence,
based on a previously developed typology of acrobatic pair
compatibility (Maksymov & Maksymova, 2025).

Within this framework, pair interaction is evaluated
through two complementary dimensions: technical
coordination reliability and emotional-expressive coherence.

Technical coordination reliability was operationalized
through a combination of postural stability and temporal

coordination indicators. Postural stability was assessed using
stabilography (stabilometric platform “Stabilan”) during a
handstand position of the top partner supported by the
base partner, with statokinesiogram length as the primary
parameter. Temporal coordination was analyzed during
the execution of a dynamic element (“tempo from hands to
hands”) using an optoelectronic 3D motion capture system
(Qualisys). The temporal difference between movement
initiation phases was calculated, and anticipatory actions of
the base partner were treated as synchronization errors and
incorporated as a penalty component. These parameters were
combined into a composite index of technical coordination
reliability.

Emotional-expressive coherence was assessed through
expert evaluation of partner interaction during routine
performance, including emotional synchrony, coherence
of movement character, stylistic unity, correspondence of
expressive behavior to the routine content, and coordination
of tempo and rhythm in expressive movements. A composite
index was calculated based on expert ratings.

The indicators of technical coordination reliability
demonstrated high test-retest reliability (r = 0.82-0.88) and
significant correlations with technical performance scores in
competition routines (r = 0.41-0.47, p < .05) (Maksymov &
Denysenko, 2025). The emotional-expressive coordination
scale demonstrated satisfactory internal consistency
(Cronbach’s a = 0.82), high inter-rater reliability (Kendall’s
W = 0.91), and significant associations with indicators
of performance coherence and artistic evaluation in
competition (r = 0.38-0.45; p < .05) (Maksymov et al., 2026).

To ensure comparability, both indices were standardized
using z-transformation. Standardized values reflected the
relative position of each pair within the sample distribution.
Based on these standardized indicators, a rule-based
compatibility classifier was applied, in which each pair
was assigned to a compatibility type according to the sign
combination of the two dimensions. This procedure allowed
formalized classification of dyadic interaction patterns and
ensured consistency of group assignment across the sample.

Compatibility types were assigned according to the sign
combination of the standardized indices. Pairs with positive
values on both dimensions (z > 0; z > 0) were classified
as complex synergy (CS). Pairs with positive technical
coordination reliability and negative emotional-expressive
coherence (z > 0; z < 0) were classified as functionally
oriented (FO). Pairs with negative technical coordination
reliability and positive emotional-expressive coherence (z <
0; z > 0) were classified as expressively oriented (EO). Pairs
with negative values on both dimensions (z < 0; z < 0) were
classified as were classified as low integration.

Thus, classification was based on the relative positioning
of pairs within the sample rather than fixed normative
cut-offs, ensuring reproducibility while avoiding arbitrary
thresholds.

Pairs classified as low integration (n = 5) were excluded
from inferential analyses, as the study focused on stable
regulatory configurations. Accordingly, comparative analyses
were conducted on 25 pairs representing three compatibility
configurations: complex synergy (CS; n = 7), functionally
oriented (FO; n = 10), and expressively oriented (EO; n = 8).

The proposed typological framework provides a
structured tool for identifying distinct configurations of
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partner interaction and may support the optimization of
training processes in acrobatic pairs.

Trust variables were not used for classification but were
analyzed as outcome indicators reflecting role-dependent
regulation within the identified compatibility types.

Trust Measures

Interpersonal trust was assessed at the individual level.
Each athlete evaluated their partner using an adapted
version of McAllister’s (1995) Affect- and Cognition-Based
Trust Scale.

The instrument conceptualizes trust as a two-component
construct comprising cognitive trust (belief in a partner’s
competence and reliability) and affective trust (emotional
bond and mutual care). The scale consisted of 11 items: six
measuring cognitive trust and five assessing affective trust.
Responses were recorded on a 5-point Likert scale (1 =
strongly disagree, 5 = strongly agree).

Item wording was adapted to reflect the context of
acrobatic pair training and competition while preserving
the original construct structure.

Composite scores were calculated for each participant
(N = 50) as mean subscale scores. Higher scores indicated
stronger perceived trust toward the partner.

These measures served as the primary variables for
examining trust distribution across compatibility types.

Statistical Analysis

All statistical analyses were conducted using
nonparametric procedures due to the sample size and non-
normal distribution of variables.

Descriptive statistics are presented as medians (Me)
and interquartile ranges (IQR). Group differences across
compatibility configurations (CS, FO, EO) were examined
using the Kruskal-Wallis test. When significant effects were
identified, post hoc pairwise comparisons were performed
using the Mann-Whitney U test with adjusted significance
levels.

Given the dyadic structure of the data, trust ratings
were analyzed at the individual level (N = 50 athletes), with
compatibility configuration treated as a between-group
factor. This approach reflects the conceptual structure of
the construct, as trust represents an individual perception
directed toward a partner while being embedded within a
dyadic interaction system.

Role-specific differences in trust were examined using
the Mann-Whitney U test.

Statistical significance was set at p < .05.

The study corresponds to a cross-sectional observational
design and is reported in accordance with the STROBE
guidelines. Given its exploratory nature, the analyses focused
on structural patterns of interaction within asymmetric
dyadic performance systems.

Results

Descriptive statistics of trust indicators

Descriptive statistics of trust variables are presented in
Table 1.

Table 1. Descriptive statistics of trust variables in acrobatic
pairs

Variable Median IQR Min Max
Cognitive trust 4.64 0.43 3.86 5.00
Affective trust 4.57 0.57 4.00 5.00
Balance (Cog — Aff) 0.00 057  -0.71 0.86

A trust balance index was calculated to reflect the
proportional relationship between cognitive and affective
trust within the dyad.

Both cognitive and affective trust showed high median
values (Me = 4.64 and Me = 4.57), indicating generally
high levels of trust between partners. The trust balance
index showed moderate variability (IQR = 0.57), suggesting
individual differences in the proportional relationship
between cognitive and affective components of trust.

The balance between cognitive and affective trust
represents an additional dimension of interaction
organization within acrobatic pairs.

Differences in trust indicators between partner roles

The comparison between partner roles (top vs. base)
did not reveal statistically significant differences in any
of the trust indicators (Table 2). Although top partners
demonstrated slightly higher cognitive trust and base
partners slightly higher affective trust, these differences did
not reach statistical significance (p > .05).

Table 2. Role differences in trust variables (Mann-Whitney
test)

Top partner Base partner

Variable (Me) (Me) U P
Cognitive trust 4.86 4.57 228 .092
Affective trust 4.43 4.57 273 438
Balance 0.14 0.00 221 .072

These findings suggest that trust operates as a dyadic
characteristic, without pronounced overall role differences.

Trust indicators across compatibility types

The trust indicators across compatibility types are
presented in Table 3.

Table 3. Median values of cognitive trust, affective trust,
and trust balance across compatibility types and partner
roles

Compatibility Partner Cog trust Aff trust Balance
type role (Me) (Me) (Me)
FO Top 5.00 4.86 0.14
Base 4.14 4.14 0.00
EO Top 4.07 4.21 0.00
Base 4.57 4.86 -0.21
CS Top 5.00 4.43 0.57
Base 4.86 4.43 0.43

Note. Medians (Me) are presented separately for Top and Base
partners within each compatibility type. Balance represents the
difference between cognitive and affective trust scores.
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Fig. 1. Median profiles of cognitive and affective trust in top and base partners across
compatibility types. Error bars represent interquartile ranges.

As shown in Table 3, compatibility types demonstrate
distinct trust configurations. Figure 1 illustrates the
corresponding trust profiles. Figure 1 illustrates the
characteristic trust profiles associated with each compatibility
configuration.

Functionally oriented (FO) pairs demonstrate relatively
higher cognitive trust, particularly among top partners,
whereas expressively oriented (EO) pairs show relatively
higher affective trust, especially among base partners.
Complex synergy (CS) pairs demonstrate consistently high
levels of both trust components together with the highest
balance values of the trust balance index, indicating a more
integrated configuration of dyadic trust within the pair.

Kruskal-Wallis tests revealed significant differences
between compatibility types for cognitive trust (x*, = 9.95,
p =.007) and the trust balance index (x*; = 11.73, p =.003),
whereas affective trust did not differ significantly (x*, = 2.43,
p=.297).

Pairwise comparisons between compatibility types

Post-hoc pairwise comparisons using the Dwass—Steel-
Critchlow-Fligner test revealed significant differences
between expressively oriented (EO) and complex synergy
(CS) pairs for cognitive trust (p = .006). No significant
differences were observed between FO and EO pairs
(p = .089) or between FO and CS pairs (p = .449).

For the trust balance index, significant differences were
also observed between EO and CS pairs (p = .001), whereas
differences between EO and FO (p = .209) and between FO
and CS pairs (p = .171) were not statistically significant.

Role-specific patterns of trust organization

Pairwise comparisons of compatibility types within
partner roles are presented in Table 4.

Role-specific analyses revealed differentiated patterns
of trust organization. Among top partners, significant
differences were observed for cognitive trust, with
expressively oriented pairs demonstrating lower values than
both functionally oriented and complex synergy pairs. In
contrast, among base partners significant differences were
observed mainly for affective trust, with expressively oriented
pairs demonstrating higher affective trust compared with
the other configurations. These findings suggest that trust
regulation in acrobatic pairs may be role-dependent.

Opverall, the results indicate that trust in acrobatic pairs
is regulated through different interaction mechanisms
depending on compatibility type, with complex synergy
pairs demonstrating the most integrated trust configuration.

These patterns provide an empirical basis for
understanding the role of trust in regulating dyadic
interaction in acrobatic pairs.

Discussion

The present results indicate that trust in acrobatic pairsis
organized not only at the level of individual attitudes but also
at the level of dyadic regulation. These findings demonstrate
that trust operates as a regulatory mechanism of interaction
within acrobatic pairs, with different compatibility types
characterized by distinct balances between cognitive
and affective trust. This perspective suggests that trust
represents a component of a broader system regulating
interpersonal coordination in acrobatic pairs. Overall trust
levels were relatively high, which is consistent with the
strong interpersonal dependence and physical risk inherent
in acrobatic pair performance. At the same time, the
organization of trust varied by compatibility type and partner
role. Significant differences were found for cognitive trust
and the trust balance index, whereas affective trust did not
differ significantly across compatibility types. Functionally

Table 4. Pairwise comparisons of compatibility types within partner roles (DSCF test)

Role Variable EO-CS EO-FO CS-FO
Top partners Cognitive trust 4.198 (.008) 5.201 (<.001) 0.430 (.950)
Affective trust 0.840 (.824) 2.813 (.115) 2.233 (.255)
Balance 3.810 (.019) 2.440 (.196) ~1.530 (.524)
Base partners Cognitive trust 1.310 (.623) -2.870 (.105) —3.170 (.065)
Affective trust ~4.667 (.003) ~4.992 (.001) ~0.822 (.830)
Balance 3.400 (.043) 1.170 (.687) —2.240 (251)

Note. Values represent W statistics with corresponding p-values in parentheses.
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oriented pairs showed relatively higher cognitive trust,
especially in top partners, whereas expressively oriented
pairs showed relatively higher affective trust, particularly
in base partners. In contrast, complex synergy pairs
demonstrated consistently high trust indicators together
with the highest values of the trust balance index, suggesting
a more integrated organization of trust within the dyad.

Trust in acrobatic pairs should not be viewed merely
as a stable interpersonal attitude. Rather, it functions as a
regulatory mechanism involved in the organization of joint
performance under conditions of strong interdependence.
Differences between compatibility types indicate that
trust participates in structuring how partners coordinate
responsibility, stabilize interaction, and maintain role-
dependent cooperation during the execution of complex
elements. Itistherefore notsimplyanindividual characteristic
but part of the regulatory architecture of dyadic action.

An important methodological contribution of the
present study is the proposed trust balance index, which
reflects the proportional relationship between cognitive
and affective trust within the pair. Unlike approaches that
examine these components separately, this index allows
trust to be interpreted as a systemic characteristic of
dyadic interaction. This approach opens the possibility of
examining trust as a structural element within multi-level
models of dyadic performance regulation. The index was
not intended as a diagnostic classification criterion but as
an analytical indicator of how trust is functionally organized
within the pair. Higher relative cognitive trust may reflect a
stronger orientation toward predictability and competence
in the partner, whereas higher affective trust may indicate
greater reliance on emotional security and interpersonal
support. In asymmetric sports dyads such as acrobatic
pairs, the balance between these components provides an
additional perspective for understanding how coordination
is stabilized during performance.

The general comparison between top and base partners
did not reveal statistically significant role-related differences
in trust indicators. This suggests that trust in acrobatic pairs
is not simply tied to one role being “more trusting” than
the other, but operates primarily as a dyadic characteristic
shared by the interaction system as a whole. However,
analyses within compatibility types revealed role-specific
patterns. Role asymmetry in trust therefore does not emerge
uniformly across all pairs, but depends on how coordination
is organized within a particular compatibility configuration.

These role-specific differences are theoretically
meaningful in sports acrobatics, where partners perform
clearly asymmetric functional roles. During the execution of
pair elements, the top partner is placed in a position of physical
vulnerability and must partially relinquish control over body
stability and safety, whereas the base partner assumes primary
responsibility for maintaining the stability of the shared
motor system. Trust is therefore directly linked to the sharing
control. In functionally oriented pairs, the higher cognitive
trust observed in top partners may reflect a greater readiness
to rely on the base partner’s competence during technically
demanding elements. In expressively oriented pairs, by
contrast, the higher affective trust in base partners may
indicate that the stabilizing role of the base is supported not
only through technical reliability but also through emotional
involvement and interpersonal attunement.

Interaction in acrobatic pairs may thus be interpreted asa
regulatory system arising from the dynamic balance between
maintaining individual motor control and sharing part of
this control with the partner. This state may be described
as regulatory tension. During performance, the top partner
must preserve body organization while simultaneously
entrusting a substantial part of stability and safety to the base
partner. The base partner, in turn, must maintain control
over the support system while adapting to the top partner’s
movements and timing. Coordinated performance depends
on the ability of both athletes to balance individual control
with delegated responsibility.

Trust patterns should also be interpreted in relation
to structural differences between compatibility types.
According to the typology of acrobatic pair compatibility
proposed by Maksymov and Maksymova (2025),
interaction within pairs may be organized through different
configurations combining technical coordination reliability
and emotional-expressive coherence. Functionally oriented
pairs are organized primarily around technical coordination
reliability and rigid role distribution. In such pairs, shared
control may emerge more readily because the interaction
system is stabilized through functional predictability and
acceptance of role distribution. Expressively oriented pairs
rely more strongly on emotional-expressive interaction,
which may shift the regulatory center toward the base
partner and increase the importance of affective trust as a
stabilizing resource. Complex synergy pairs combine high
technical coordination with strong emotional-expressive
integration, which may explain the more symmetrical and
integrated trust organization observed in these dyads.

These findings can also be interpreted within the broader
framework of joint action and interpersonal coordination.
Research in this field shows that successful cooperation in
highly interdependent tasks requires continuous prediction
of a partner’s actions, dynamic adjustment of one’s own
behavior, and the formation of shared action spaces in which
movements are regulated relative to one another (Marsh et
al., 2009; Sebanz & Knoblich, 2021; Vicaria & Dickens, 2016).
Coordinated behavior emerges through dynamic coupling
between interacting individuals rather than through isolated
motor control (Schmidt & Richardson, 2008). In acrobatic
pairs, such coupling must remain stable throughout routine
execution despite role asymmetry and rapidly changing
movement dynamics. Interpersonal coordination arises
through continuous mutual adjustment of movement
patterns (Richardson et al., 2007). Similarity in movement
dynamics may further facilitate coordination and stabilize
cooperative performance (Stowinski et al., 2016).

Within this framework, trust may function as a
psychological condition that stabilizes joint action in
asymmetric dyads. Studies of synchronous joint action
indicate that cooperative performance involves continuous
negotiation between self-related and shared control of
action (Marschner et al., 2024). Research on communicative
adaptation in joint action further shows that partners actively
modify their behavior to make their goals more predictable to
one another (Dockendorff et al., 2025). Efficient cooperation
also depends on how interacting individuals distribute
effort and responsibility within the joint system (Torok et
al,, 2019). In social psychology, trust is conceptualized as a
mechanism that allows individuals to accept vulnerability
under conditions of uncertainty and interdependence
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(Simpson, 2007). In cooperative contexts, it reduces the
perceived risk associated with relying on another person and
thereby facilitates coordinated action. In this sense, trust may
contribute to stabilizing interpersonal coupling during joint
routine execution. Recent integrative perspectives further
emphasize its role in regulating interpersonal behavior
within complex social systems (Rotenberg et al., 2025).

Recent research also highlights the importance of
synchrony and engagement in cooperative performance
contexts. Studies of DanceSport couples demonstrate that
the quality of partnership interaction influences competitive
performance through increased athlete engagement (Liu et
al., 2023). More broadly, contemporary theoretical models
suggest that synchrony and segregation between interacting
individuals depend on contextual constraints and task
demands (Mayo & Gordon, 2025). Neuroscientific evidence
further indicates that successful interpersonal interaction
is associated with increased neural synchronization
between partners (Zhao et al., 2024). Although such neural
processes were not directly examined in the present study,
these findings support the idea that coordination in pair
sports involves multi-level mechanisms integrating motor,
psychological, and interpersonal processes.

In sports acrobatics, these findings suggest that trust
functions as a regulatory mechanism of dyadic coordination,
whereby the balance between cognitive and affective trust
stabilizes joint action and reflects distinct patterns of
interaction across compatibility types.

Conclusions

The results indicate that trust in acrobatic pairs is organized
not only as an individual characteristic but also as a property of
dyadic interaction. Different compatibility types demonstrate
distinct configurations of cognitive and affective trust,
reflecting different patterns of interaction regulation within the
pair. Functionally oriented pairs are characterized by relatively
higher cognitive trust, whereas expressively oriented pairs
demonstrate relatively higher affective trust. Complex synergy
pairs show the most integrated configuration of trust indicators.
These findings suggest that the balance between cognitive and
affective trust may represent one of the mechanisms supporting
the stability of coordinated routine execution in acrobatic
pairs under conditions of role asymmetry and physical
interdependence.

Future Research

Future studies may further examine the dynamic role of
trustinregulating interaction processes within acrobatic pairs
using longitudinal and experimental designs. In particular,
investigating the relationship between trust organization,
interpersonal interaction styles, and psychophysiological
regulation may provide deeper insight into the multi-level
mechanisms underlying compatibility in dyadic sports.
The analysis of interpersonal positioning based on Leary’s
interpersonal circumplex may further clarify how role
distribution and interaction patterns are organized within
acrobatic pairs.
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[oBipa AK mexaHi3Mm posboBOI perynsauyii B3aemogii
B aKpo6aTu4HMX napax

IOnia Makcumosa'ABCP

Bnapucnasa [Ienncenko'®?, Ipuna KomecHik

, Banentnna Boponosa'*?, CranicnaB MakcumoB'®,
1BD

'HanionanbHuii yHiBepcuTeT BisYHOro BUXOBaHHA i ciopTy YKpainu, Kui, YkpaiHa

ABTOpPCHKMIT BRI A — Au3aitH gocmipkenHs; B — 36ip ganux; C — crataHanis; D — migroroska pykormcy; E — 36ip kowrtis

Pegepar. Crarrsa: 9 c., 4 Tabn., 4 puc., 39 mxepern.

Merta gocmimKeHHs. MeTo0 JOCIipKeHHs 6y/I0 BUBYMTY OpraHisallilo KOTHITMBHOI Ta adeKTUBHOI ZOBipYU B aKpOOATHIHMX
Iapax 3aIe)XKHO Bifj TUITY CYMICHOCTI Ta mapTHepcbKoi pori. Ilepenbadanocs, 110 opraHisariist fOBipU Bifipi3HAETbCS 3a/IEKHO Biff
KoH(irypauii cyMiCHOCTI Ta MapTHEPCHKMX porieit, a 6anaHc MK KOTHITMBHOIO Ta aeKTUBHOI AOBIpOI0 BifoOpaxae pisHi Me-
XaHi3MI perysiil B3aeMOzil, TOB’s13aHi 3 PO3MO/IOM BifIIIOBIZAIbHOCTI Ta PETY/LITOPHOI HAPY>KEHICTIO B AiaM<HIl CHCTEMI.

Marepianu i MeTogu. Y mocmifKeHHi B3Iy y4acTb 25 akpobaTnunux map (N = 50 cmopTcMeniB) BikoM 11-16 pokis, ski
3aiIMa/IICs CHOPTMBHOK aKpOOATMKOI Ha eTalli monepefHbol 6a30Boi miAroToBKy. T cyMiCHOCTI BUSHAYaIICs BifJIIOBITHO
IO TUIIOJIOTI CyMICHOCTI aKpOOATUYHUX Iap, paHille po3pobneHoi aBTopaMu. TuIonoris iHTerpye NOKasHMKM HafiifHOCTI Tex-
HIYHOTO BMKOHAHHS, IIOCTYpPa/bHOI Ta (a30Boi KOOPAMHALL, & TAKOK €MOLIiITHO-eKCIIPeCHBHOI y3rofKeHoCTL. MbkocoOucTicHy
IOBIpY OLiHIOBA/IM 3a JOIIOMOTOI0 aJlallTOBAHOI Bepcil mKanu adheKTUBHOI Ta KOrHITUBHOI foBipu Daniel J. McAllister. [Ina cra-
TUCTUYHOTO aHAJIi3y 3aCTOCOBYBA/IN HellapaMeTPUYHi MeToaM, 30KpeMa Kpurepiit Kpackena—Yonnica, U-kpurepiit Manna-YiTHi
Ta post-hoc nopisHaHHA Dwass—Steel-Critchlow-Fligner.

Pesynbratu. Pe3ynpratyt JOCTIZKEHHS BUABIIN 3aTa/IOM BUCOKMII piBeHb MDKOCOOMCTICHOI OBipy MiX mapTHepamu. Bix-
MIHHOCTI MK TapTHEPCHKMMIU POTIsIMU OY/IM 0OMeXXEeHVMMIY Ta He JOCSAIIN CTaTUCTUYHOI 3HaYyIoCTi. BogHOUwac cTpykrypa opra-
Hisanii foBipu BifipisHAIacA 3a/1eXKHO Bifl TUITY cyMicHOCTi. @yHKIIiOHa/IbHO Opi€HTOBAaHI ITapy eMOHCTPYBaI BiffHOCHO BUILMIL
piBeHb KOTHITMBHOI ZOBipH, TOAI AK eKCIIPECUBHO OPIEHTOBAHI Mapy XapaKTepy3yBa/lics BilHOCHO BUIIVM piBHeM adeKTUBHOI
mosipu. [Tapu 3i CK/IaHO CUHEPri€r MOKa3anu cTabiIbHO BUCOK] 3Ha4eHHs 000X KOMIIOHEHTIB IOBipM Ta HABMUII TOKA3HUKY
iHpexcy 6amaHcy FOBipH, 110 CBIAYMTD PO Oi/MbII IHTETPOBAHNIT MEXaHi3M pery/siLii B3aeMopiil.

BucHoBku. JloBipa B akpobaTHYHNX Mapax (QyHKIIIOHye He JMIIe K iHAMBiAyanbHa ICUXOJIOTiYHA XapaKTePUCTHKA, ajle i
AK MeXaHi3M peryuii B3aeMozil y QyHKI[iOHAIBbHO acKMeTPUYHOMY HapTHepCTBi. BinmiHHOCTI y 6amanci MK KOTHITHBHOIO Ta
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Abstract

Background. Eccentric exercise induces oxidative stress, muscle damage, and decreased neuromuscular performance.
However, the temporal relationship between these responses is not fully understood, particularly in recreationally
active individuals.

Objectives. This study aimed to investigate the time-course changes and phase-dependent relationships between
oxidative stress, muscle damage, and neuromuscular performance following an athletics-based eccentric exercise
protocol.

Materials and Methods. A single-group repeated-measures design was employed involving 46 recreationally active
male students (age: 19.15 + 0.76 years). Participants performed an eccentric exercise protocol consisting of jump-
landing, bounding, sprint deceleration, and slow-tempo squats. Malondialdehyde (MDA), Creatine Kinase (CK), and
Countermovement Jump (CM]J) performance were measured at baseline and at 24, 48, and 72 hours post-exercise.
Data were analyzed using repeated-measures ANOVA with Bonferroni post hoc tests and Pearson correlation analysis.
Results. Significant time effects were observed for all variables (p < 0.001). MDA and CK levels increased at 24 h,
subsequently declining at 48 h and 72 h, yet remaining elevated compared to baseline. CM]J performance decreased at
24 h and showed partial recovery, but did not return to baseline at 72 h. No significant correlation was found between
MDA and CK at 24 h; however, moderate positive correlations were observed at 48 h (r = 0.557, p < 0.001) and 72 h
(r=0.496, p < 0.001). No significant relationships were found between biochemical markers and CMJ.

Conclusions. Eccentric exercise induces oxidative stress and muscle damage alongside decreased neuromuscular
performance. Biochemical markers peak at 24 h and decline thereafter, while neuromuscular recovery remains
incomplete at 72 h. The relationship between oxidative stress and muscle damage is time-dependent, emerging during
the recovery phase rather than the acute phase. These findings indicate distinct temporal patterns, suggesting that
neuromuscular performance is not fully explained by biochemical markers.

Keywords: eccentric exercise, oxidative stress, creatine kinase, malondialdehyde, neuromuscular performance,
recovery.

Introduction decreased neuromuscular performance (Leite et al., 2023;

Li et al,, 2024). Eccentric training is widely implemented

Exercise-induced muscle damage (EIMD) is commonly  in sport and physical education settings to enhance muscle
observed following eccentric exercise and is typically  strength, functional performance, and rehabilitation
characterized by muscle soreness, reduced strength, and  gutcomes (Burgos-Jara et al., 2023; Cvecka et al., 2023;
Maia et al., 2026). Eccentric muscle actions involve active
© Irawan, R, Dewi, R. C,, Bakti, A. P, Rimawati, N., Tualeka, A.-R.,  muscle lengthening under tension, commonly occurring

& Alayyannur, P. A., 2026. during deceleration phases of movement such as jumping
@ PETM and sprinting, and are integral to most sport-specific and
i LLCOVS
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resistance training activities (Tecchio et al., 2024; Tomalka,
2023). Notably, eccentric contractions can generate greater
force than concentric actions (approximately 20-50%
higher) (Schoenfeld et al., 2017; Tecchio et al., 2024), making
them effective stimuli for physiological responses associated
with training.

However, this superior force-generating capacity is also
associated with increased mechanical stress on muscle tissue,
leading to exercise-induced muscle damage, characterized
by structural disruption of muscle fibers, elevated
oxidative stress, and temporary reductions in performance
(Bontemps et al., 2020; Lepley et al., 2023; J. Peake et al.,
2005). A conceptual contradiction can be identified within
eccentric exercise: the same physiological processes that
are associated with muscle damage and oxidative stress are
also discussed in relation to recovery-related processes. This
creates a challenge in determining whether attenuating these
responses improves or limits functional outcomes.

In practice, attempts to maximize the benefits of
eccentric training often involve increasing mechanical load,
which may further exacerbate muscle damage and prolong
recovery time (Chen et al., 2023; Rosvoglou et al., 2023;
Zhang et al., 2026). Therefore, achieving an appropriate
balance between induced muscle damage and recovery
remains an important consideration in training design. A
clearer understanding of acute physiological and functional
responses to eccentric loading may help inform this balance.

This issue is particularly relevant in physical education
contexts, where recreationally active students are frequently
exposed to eccentric loading during practical sessions
(Krizaj et al., 2022; Maroto-Izquierdo et al., 2023), often
without individualized recovery strategies (Lewis et
al., 2012; Rosvoglou et al., 2023). One of the primary
physiological responses to eccentric exercise is increased
production of reactive oxygen species (ROS), contributing
to oxidative stress, commonly assessed using biomarkers
such as malondialdehyde (MDA) (Canals-Garzén et al.,
2022; Wadley et al., 2019). Concurrently, muscle fiber
disruption results in the release of intracellular enzymes
into circulation, with creatine kinase (CK) widely
recognized as a marker of muscle damage (Stozer et al.,
2020). These physiological changes are often accompanied
by reductions in neuromuscular performance, as assessed
by countermovement jump (CM]J), a practical indicator
reflecting muscle function and movement efficiency (Bishop
etal., 2023; Yoshida et al., 2024). Collectively, these variables
provide complementary indicators for evaluating responses
to eccentric loading.

Previous literature suggests that oxidative stress and
muscle damage are not solely negative responses. Moderate
changes have been associated with physiological processes
related to muscle repair (Di Meo et al., 2019; Wadley et al.,
2019). However, excessive responses may delay recovery and
impair subsequent performance (Senisik et al., 2021). Thus,
understanding the balance between these responses remains
an important issue.

Despite this, these variables are often examined
separately rather than in relation to each other. As a result,
the temporal relationship between oxidative stress, muscle
damage, and functional performance remains unclear,
particularly following a single bout of eccentric exercise.

Therefore, this study aimed to investigate the temporal
relationship between oxidative stress and muscle damage,
in relation to changes in neuromuscular performance
following eccentric exercise, using MDA, CK, and CM] as
respective indicators. It was hypothesized that increases in
oxidative stress and muscle damage would be associated
with reductions in performance, while their relationships
may vary across the recovery period.

Materials and Methods

Study Design

This study employed a single-group experimental
repeated-measures design to examine the temporal
relationship between oxidative stress, muscle damage, and
neuromuscular performance following an athletics-based
eccentric exercise protocol. Measurements were conducted
at baseline (pre-exercise), and at 24, 48, and 72 hours post-
exercise to capture the temporal dynamics of physiological
and neuromuscular performance.

The design was structured to examine changes in
oxidative stress, muscle damage, and neuromuscular
performance across time. This approach allows for the
description of temporal patterns in physiological and
performance responses following eccentric exercise.

By integrating biochemical (malondialdehyde
and creatine kinase) and neuromuscular performance
(countermovement jump) indicators across multiple time
points, the study aimed to describe the temporal relationship
between biochemical responses and neuromuscular
performance following eccentric exercise in recreationally
active individuals.

Participants

Participants were recruited from male undergraduate
students (n = 128) enrolled in an athletics course at the
Department of Sports Science, Universitas Negeri Surabaya.
This group represented the accessible population, consisting
of recreationally active individuals regularly exposed
to athletics-related activities as part of their academic
curriculum.

A total of 46 participants were selected using purposive
sampling based on predefined inclusion and exclusion
criteria. An a priori power analysis conducted using G*Power
(version 3.1) indicated that a minimum sample size of 30-35
participants was required to detect a moderate effect size (f=
0.25) with a significance level of o = 0.05 and statistical power
(1 -B) =0.80. Therefore, the final sample size was considered
sufficient to detect statistically significant changes across
time points within the repeated-measures design.

The inclusion criteria were as follows: (1) male students
aged 18-22 years; (2) engagement in regular physical activity
at least three times per week for the previous two months;
(3) enrollment in an athletics course; and (4) no history of
musculoskeletal injury within the past six months.

Exclusion criteria included: (1) failure to complete
the exercise protocol; (2) absence from any follow-up
measurement session; (3) use of medications or supplements
that could influence oxidative stress or muscle damage
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responses; and (4) any medical condition that could interfere
with study procedures or compromise participant safety.

All participants provided written informed consent
prior to participation. Recruitment was conducted during
scheduled course sessions. All participants completed the
study, and no dropouts were recorded.

Ethical approval was obtained from the Health Research
Ethics Committee of Airlangga University (No. 104/EA/
KEPK/2023) in accordance with the Declaration of Helsinki.

Anthropometric Measurements

Anthropometric measurements were obtained prior
to the experimental protocol. Body height was measured
using a stadiometer to the nearest 0.1 cm, and body mass
was recorded using a digital scale to the nearest 0.1 kg. Body
mass index (BMI) was subsequently calculated as body mass
divided by the square of height (kg/m?).

Eccentric Exercise Protocol

Participants performed an athletics-based eccentric
exercise protocol consisting of jump-landing drills,
bounding, sprint deceleration tasks, and slow-tempo squats.
Prior to the protocol, participants completed a standardized
warm-up consisting of 5 minutes of light jogging followed by
dynamic stretching exercises targeting the lower limbs. All
exercises were performed at a self-selected maximal effort
while maintaining proper technique.

The protocol was specifically designed to be applicable
to recreationally active university students enrolled in an
athletics course, emphasizing movements commonly
practiced in physical education settings. The exercises
were structured to induce substantial eccentric loading on
the lower limb musculature, particularly during phases of
landing, ground contact, and rapid deceleration.

The exercises were performed in the following sequence:
jump-landing, bounding, sprint deceleration, and eccentric
squats. The jump-landing component consisted of 5 sets of
10 repetitions, where participants were instructed to achieve
maximal jump height and perform controlled landings by
flexing the hips, knees, and ankles over approximately 2-3
seconds to absorb impact forces safely.

Table 1. Summary of the Eccentric Exercise Protocol

Bounding was performed over a distance of 20 meters
for 4 sets, emphasizing horizontal propulsion followed by
controlled single-leg landings to increase eccentric demand
during each ground contact.

Sprint deceleration tasks consisted of 6 repetitions of
20-meter sprints followed by an abrupt stop within a 3-meter
deceleration zone, requiring rapid reduction of forward
momentum and generating high eccentric loading in the
quadriceps and hamstring muscle groups.

To further enhance eccentric stimulus, participants
performed slow-tempo bodyweight squats for 4 sets of
12 repetitions, with a controlled eccentric phase lasting
approximately 4 seconds per repetition.

A fixed rest interval of 90 seconds was provided between
sets to maintain high mechanical stress while minimizing
full recovery. The total duration of the protocol was
approximately 45-50 minutes. The protocol was specifically
designed to induce exercise-induced muscle damage
and oxidative stress responses for subsequent analysis. A
summary of the exercise protocol is presented in Table 1.

The progression of participants throughout the study,
covering recruitment, group allocation, follow-up, and data
analysis, is illustrated in Figure 1.

Enroliment

[ Assessed for eligibility (n = 128) l

Excluded (n = 82)

«Not meeting inclusion criteria (n = 26)
Declined to participate / unavailable (n = 16)
Other reason (n=40)

Allocation
« Allocated to eccentric exercise protocol (n = 46)
* Received allocated intervention (n = 46)
 Did not receive intervention (n = 0)

|

Follow-Up (Repeated Measures)

o Completed baseline measurement (pre-exercise) (n = 46)

* Completed 24-hour follow-up (n = 46)
* Completed 48-hour follow-up (n = 46)
* Completed 72-hour follow-up (n = 46)
* Lost to follow-up (n = 0)

* Discontinued intervention (n = 0)

l

Analyzed
« Included in analysis (n = 46)
 Excluded from analysis (n = 0)

Fig. 1. CONSORT Flow Diagram

. q ] Rest s
Component Exercise Structure Intensity / Execution Volume Int:rsval Key Characteristics
Warm-up Light jogging + Low to moderate intensity 5 minutes — Prepare muscles and reduce injury
dynamic stretching risk
(lower limbs)
Jump-Landing  Repeated vertical Maximal effort; 2-3 s 5 sets x 10 90s  Emphasizes impact absorption and
jumps with controlled eccentric landing phase reps eccentric control
landing
Bounding Horizontal bounding ~ Maximal horizontal 4 sets 90s  Increases eccentric load during
over 20 m propulsion with controlled ground contact
single-leg landing
Sprint 20 m sprint + sudden ~ Maximal sprint followed by 6 reps 90s  High eccentric demand on
Deceleration stop within 3 m rapid braking quadriceps and hamstrings
Eccentric Squat Bodyweight squat Controlled 4 s eccentric phase 4 sets x 12 90s  Prolonged time under tension for
reps eccentric loading

592



Irawan, R, Dewi, R. C., Bakti, A. P, Rimawati, N., Tualeka, A. R., & Alayyannur, P. A. (2026). Phase-Dependent Interaction Between
Oxidative Stress and Muscle Damage During Acute Recovery Following Eccentric Exercise

Outcome Measures

The primary outcome measures included oxidative
stress, muscle damage, and neuromuscular performance,
assessed using Malondialdehyde (MDA), Creatine Kinase
(CK), Countermovement Jump (CM]), respectively. All
measurements were conducted at baseline (pre-exercise),
and at 24, 48, and 72 hours following the eccentric
exercise protocol to describe changes in biochemical and
neuromuscular performance variables over time.

Oxidative stress was assessed by measuring plasma
Malondialdehyde (MDA) levels as an indicator of lipid
peroxidation. Venous blood samples were collected under
standardized conditions at each time point. Blood samples
were centrifuged to obtain plasma, which was subsequently
analyzed using a commercially available enzyme-linked
immunosorbent assay (ELISA) kit according to the
manufacturer’s instructions. MDA concentrations were
expressed in nmol/mL.

Muscle damage was evaluated by measuring serum
Creatine Kinase (CK) activity. Blood samples were analyzed
using an automated enzymatic colorimetric method, and CK
activity was expressed in U/L.

Neuromuscular performance was evaluated using the
Countermovement Jump (CM]) test. Participants performed
the test with their hands placed on the hips to minimize
arm swing, starting from an upright standing position
followed by a rapid downward movement and an immediate
maximal vertical jump. Jump height was recorded using a
Jump MD device. Each participant performed three trials at
each time point, and the highest value was used for analysis.
A standardized rest interval of 60 seconds was provided
between trials to minimize fatigue.

Statistical analysis

All data were analyzed using appropriate statistical
software. Descriptive statistics are presented as mean *
standard deviation (SD). The normality of data distribution
was assessed using the Shapiro-Wilk test.

To examine changes in oxidative stress (MDA), muscle
damage (CK), and neuromuscular performance (CMJ)
across time (baseline, 24, 48, and 72 hours post-exercise), a
one-way repeated-measures analysis of variance (ANOVA)
was performed. When a significant main effect of time
was detected, pairwise comparisons were conducted using
Bonferroni post hoc tests.

In addition, Pearson correlation analysis was performed
to evaluate the relationships between MDA, CK, and CM]J
at each time point, to assess the relationships between
physiological responses and neuromuscular performance.

Effect sizes for ANOVA were calculated using partial
eta squared (n’p) and interpreted as small (0.01), medium

(0.06), and large (0.14). Statistical significance was set at p
< 0.05.

Results

Participant Characteristics

A total of 46 participants met all eligibility criteria and
completed all measurement sessions (baseline, 24 h, 48 h,
and 72 h post-exercise), with no loss to follow-up. Therefore,
all analyses were conducted using a complete-case approach.

Participant characteristics are presented in Table 2.
The participants were recreationally active male university
students with a mean age of 19.15 + 0.76 years, height of
167.97 + 5.20 cm, and body mass of 59.10 + 6.00 kg. The
mean body mass index (BMI) was 20.91 + 1.40 kg/m?,
indicating a normal weight range.

Table 2. Participant Characteristics

Variable Mean (+ SD)
Age (years) 19.15+0.76
Height (cm) 167.97 +5.20
Weight (kg) 59.10 + 6.00
BMI (kg/m?) 20.91 + 1.40

Descriptive and Time-Course Changes

Descriptive statistics for MDA, CK, and CM] across all
time points are presented in Table 3.

MDA levels increased from baseline to 24 h post-
exercise, followed by a gradual decline at 48 h and 72 h,
although values remained elevated relative to baseline. A
similar pattern was observed for CK, which peaked at 24 h
and progressively decreased thereafter, but did not fully
return to baseline levels.

In contrast, CMJ performance showed a different
pattern, with a reduction at 24 h, followed by a gradual
recovery at 48 h and 72 h. However, CM] values remained
slightly lower than baseline even at 72 h.

These temporal patterns are illustrated in Figure 2.

These results show different temporal patterns between
biochemical markers and neuromuscular performance, with
peak MDA and CK values observed at 24 h alongside the
lowest CM]J performance.

Repeated-Measures ANOVA

A repeated measures ANOVA revealed a significant
main effect of time for all variables.

MDA levels were significantly affected by time (F(1.203,
54.137) = 1166.676, p < 0.001, n’p = 0.963), with a large
effect size.

Table 3. Changes in MDA, CK, and CM] from baseline to 72 h post-exercise

Variable Baseline 24h 48 h 72h
MDA (nmol/mL) 3.36 £ 0.26° 529 +0.15" 4.87 +0.29¢ 436 +0.20¢
CK (U/L) 110.37 £ 18.03* 259.36 + 19.36" 181.54 + 34.73¢ 158.55 + 25.63¢
CM] (cm) 40.48 + 2.96° 35.34 + 2.59° 36.85 £ 2.47¢ 39.32 +2.68¢

Notes: Values are presented as mean * SD. Different superscripts (a—d) indicate significant differences between time points (p < 0.05,

Bonferroni-adjusted).
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Fig. 2. Time-course changes in oxidative stress (MDA), muscle damage (CK), and neuromuscular performance (CM]J)
following exercise. Notes: A: Malondialdehyde (MDA); B: Creatine Kinase (CK); C: Countermovement Jump (CM]J). Values
are presented as mean + SD. Values are presented as mean + standard deviation

Table 4. Pairwise comparisons of MDA, CK, and CM]J across time points (Bonferroni-adjusted)

Mean

Variable Comparison Difference (I-]) 95% CI p-value
MDA (nmol/mL) Baselinevs 24 h -1.928 -2.025to -1.831 p <0.001
Baseline vs 48 h -1.505 -1.652 to -1.359 p <0.001
Baseline vs 72 h -0.995 -1.118 to -0.871 p <0.001
24hvs48h 0.423 0.353 t0 0.492 p <0.001
24hvs72h 0.933 0.892 to 0.974 p <0.001
48hvs72h 0.510 0.472 to 0.549 p <0.001
CK (U/L) Baseline vs 24 h -148.994 -157.912 to -140.076 p <0.001
Baseline vs 48 h -71.173 -86.761 to -55.584 p <0.001
Baseline vs 72 h -48.184 -60.271 to -36.097 p <0.001
24hvs48h 77.821 63.967 t0 91.675 p <0.001
24hvs72h 100.810 90.106 to 111.513 p <0.001
48hvs72h 22.989 19.167 to 26.811 p <0.001
CMJ (cm) Baseline vs 24 h 5.137 3.648 t0 6.627 p <0.001
Baseline vs 48 h 3.627 2.600 to 4.653 p <0.001
Baseline vs 72 h 1.155 0.294 to 2.016 p=10.003
24hvs48h -1.511 -2.746 to -0.276 p = 0.009
24hvs72h -3.982 -5.029 to -2.936 p <0.001
48hvs72h -2.472 -3.357 to -1.586 p <0.001

Notes: Values represent mean differences (I-]). Confidence intervals (CI) are presented at 95%. P-values
were adjusted using the Bonferroni correction for multiple comparisons. Statistical significance was set at

p < 0.05.

Similarly, CK levels showed a significant effect of time
(F(1465, 65900 = 446.903, p < 0.001, n’, = 0.909), with a large
effect size.

CM] performance also demonstrated a significant effect
of time (Fp,5, 57431 = 66.879, p < 0.001, n?, = 0.598), with
a moderate to large effect size.

Post Hoc Analysis

Bonferroni-adjusted pairwise comparisons are
presented in Table 4.

MDA levels were significantly higher at 24 h, 48 h, and
72 h compared to baseline (p < 0.001 for all comparisons).
Significant differences were also observed between all post-
exercise time points (24 h vs 48 h, 24 h vs 72 h, and 48 h vs
72 h; p < 0.001).

CK levels were significantly higher at 24 h, 48 h, and
72 h compared to baseline (p < 0.001 for all comparisons).
Significant differences were also observed between all post-
exercise time points (p < 0.001).

CM] performance was significantly lower at 24 h, 48 h,
and 72 h compared to baseline (p < 0.01 for all comparisons).
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Significant differences were also found between 24 h and 48
h (p =0.009), 24 h and 72 h (p < 0.001), and 48 h and 72 h
(p < 0.001).

Correlation Analysis

Pearson correlation coeflicients are presented in Table 5.

No significant correlations were observed between
variables at 24 h post-exercise, suggesting that the association
between oxidative stress and muscle damage has not yet fully
developed during the acute phase.

However, significant positive correlations between
MDA and CK emerged at 48 h (r = 0.557, p < 0.001) and
72 h (r = 0.496, p < 0.001), indicating a stronger association
between oxidative stress and muscle damage during the
recovery phase.

No significant relationships were observed between
CMJ and either MDA or CK at any time point.

Table 5. Pearson correlation coeficients between MDA,
CK, and CM]J at 24 h, 48 h, and 72 h post-exercise

Time Variable = MDA CK CM]J

24 h post-exercise =~ MDA 1 0.199  -0.131
CK 0.199 1 0.111
CM]J -0.131 0.111 1

48 h post-exercise =~ MDA 1 0.557**  0.131
CK 0.557* 1 -0.036
CM]J 0.131 -0.036 1

72 h post-exercise =~ MDA 1 0.496** -0.061
CK 0.496* 1 0.024
CMJ -0.061 0.024 1

Notes: Values represent Pearson correlation coefficients (r).
Statistical significance was set at p < 0.05 (2-tailed). **p < 0.01
(2-tailed). MDA = Malondialdehyde; CK = Creatine Kinase; CM]J
= Countermovement Jump.
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Scatter Plot Analysis

The relationships between MDA and CK at 48 h and
72 h are illustrated in Figure 3.

At 48 h, a moderate positive linear relationship was
observed (R* = 0.31), indicating a moderate shared variance
between MDA and CK. A similar, though slightly weaker,
relationship was observed at 72 h.

These findings visually reinforce the correlation analysis,
highlighting that the association between oxidative stress and
muscle damage becomes more pronounced during the recovery
phase rather than the acute phase, suggesting a delayed temporal
association between oxidative stress and muscle damage.

Discussion
Principal Findings

The present study shows that eccentric exercise is
associated with increases in oxidative stress (MDA)
and muscle damage (CK), along with a reduction in
neuromuscular performance (CM]J). MDA and CK peaked
at 24 h post-exercise and remained elevated up to 72 h,
whereas CM] showed a gradual recovery pattern but had
not fully returned to baseline at 72 h.

Correlation analysis showed no significant association
between MDA and CK at 24 h. Moderate positive correlations
were observed at 48 h and 72 h. No significant relationships
were found between biochemical markers (MDA and CK)
and CM]J performance at any time point.

These results indicate that biochemical and
neuromuscular responses may follow different temporal
patterns during recovery. These findings reflect acute
recovery responses following a single bout of eccentric
exercise.

Time-Course of Oxidative Stress and Muscle Damage

The increase in MDA at 24 h reflects elevated lipid
peroxidation, which is commonly used as an indirect
marker of oxidative stress following eccentric exercise.

(B)72h

r=0.496, p < 0.001

22000 |

14000 |

12000

100.00

MDA (nmolimL)

Fig. 3. Relationship between malondialdehyde (MDA) and creatine kinase (CK) at 48 h (A) and 72 h (B) post-exercise. Significant
positive correlations were observed at both time points (48 h: r = 0.557, p < 0.001; 72 h: r = 0.496, p < 0.001)
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Previous studies have suggested that eccentric loading may
increase reactive oxygen species (ROS) production, which is
associated with oxidative stress responses (Blazevich et al.,
2025; Xu & Guo, 2025).

Eccentric exercise has been reported to induce
mechanical strain at the muscle fiber level, which may
contribute to structural disturbances such as Z-disk
disruption and altered calcium regulation (Dowling et al.,
2022; Tomalka, 2023). These processes are often discussed
in the literature as part of muscle damage-related responses
following unaccustomed eccentric loading.

Similarly, CK increased significantly at 24 h, which
is widely considered an indicator of muscle membrane
disruption and leakage of intracellular enzymes into
circulation (Blank et al., 2022; Ying et al., 2024).

Although both MDA and CK peaked at 24 h, the absence
of a significant correlation at this time point suggests that
these markers may reflect partially independent physiological
responses during the early recovery phase. This interpretation
alignswith previousliterature suggesting thatearly post-exercise
responses are influenced by multiple overlapping mechanisms
(J. M. Peake etal., 2017; Proske & Morgan, 2001 )intense exercise
causes an ‘open window” of immunodepression during
recovery after exercise is well accepted. Repeated exercise
bouts or intensified training without sufficient recovery may
increase the risk of illness. However, except for salivary IgA,
clear and consistent markers of this immunodepression
remain elusive. Exercise increases circulating neutrophil and
monocyte counts and reduces circulating lymphocyte count
during recovery. This lymphopenia results from preferential
egress of lymphocyte subtypes with potent effector functions
[e.g., natural killer (NK.

At later time points (48-72 h), a moderate association
between MDA and CK was observed, suggesting a closer
temporal alignment between oxidative stress and muscle
damage during recovery. Nevertheless, this relationship
remains correlational and does not imply causality or a direct
mechanistic link. Accordingly, this interpretation should be
approached with caution, particularly given the inherent
limitations of biochemical markers in reflecting underlying
physiological processes.

Neuromuscular Performance and Recovery Pattern

CM] performance decreased at 24 h following eccentric
exercise, indicating a temporary reduction in neuromuscular
performance. This finding is consistent with previous reports
showing reduced jump performance in the early recovery
phase after eccentric loading (Hemmatinafar et al., 2023).

The decline in performance may be associated with
multiple factors described in the literature, including
altered excitation-contraction coupling, changes in
calcium handling, and transient reductions in neural drive
(Tabuchi et al., 2022). In addition, delayed onset muscle
soreness (DOMS) and protective neural inhibition may also
contribute to reduced performance capacity (Boyd et al.,
2023; Sozlu et al., 2025).

Although CM]J showed gradual improvement at 48 h
and 72 h, it had not fully returned to baseline within the
observation period, suggesting that neuromuscular recovery
may not be fully complete within 72 h under the present
conditions.

Importantly, no significant correlations were found
between CM] and either MDA or CK. This suggests that
neuromuscular performance recovery is likely influenced by
multiple factors beyond biochemical markers alone.

Phase-Dependent Relationship Between
Oxidative Stress and Muscle Damage

The present findings indicate that the relationship
between MDA and CK may vary across time. No significant
association was observed at 24 h, whereas moderate positive
correlations appeared at 48 h and 72 h.

During the early phase (24 h), CK elevation likely
reflects structural muscle perturbation, while oxidative stress
markers may represent a parallel response that is not directly
linked at this stage. This interpretation aligns with previous
studies indicating that early responses to eccentric exercise
involve multiple independent physiological processes (Qian
etal., 2023).

In the later phase (48-72 h), previous studies have
reported increased involvement of inflammatory and
immune-related processes, including ROS production and
tissue remodeling activity (J. M. Peake et al., 2017; Tidball
& Villalta, 2010)intense exercise causes an “open window”
of immunodepression during recovery after exercise is well
accepted. Repeated exercise bouts or intensified training
without sufficient recovery may increase the risk of illness.
However, except for salivary IgA, clear and consistent
markers of this immunodepression remain elusive. Exercise
increases circulating neutrophil and monocyte counts and
reduces circulating lymphocyte count during recovery. This
lymphopenia results from preferential egress of lymphocyte
subtypes with potent effector functions [e.g., natural killer
(NK. These processes may contribute to the observed
association between oxidative stress and muscle damage
markers during recovery.

Overall, the time-dependent pattern observed in this
study suggests a changing relationship between these
variables across the recovery period. However, due to the
observational nature of the data, causal interpretation should
be made cautiously. This pattern may reflect differences
between early and later phases of recovery, with changes in
the relationship between variables over time.

Lack of Association Between Biochemical
Markers and Performance

The absence of significant correlations between CM]J
and biochemical markers suggests that neuromuscular
performance is not directly explained by MDA or CK levels
in this study.

This finding aligns with previous studies suggesting
that recovery of jump performance is influenced by a
combination of peripheral and central factors, including
neuromuscular control, pain perception, and psychological
responses. Therefore, biochemical markers alone may not
fully represent neuromuscular recovery.

Practical Implications

The results indicate that eccentric exercise induces
time-dependent changes in biochemical and neuromuscular
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variables, with the highest levels of oxidative stress and
muscle damage observed at 24 h, and gradual recovery
observed thereafter.

These findings may be useful for informing general
recovery considerations in recreationally active individuals
exposed to eccentric loading, particularly in understanding
the temporal pattern of recovery responses.

However, practical applications should be interpreted
cautiously, as this study did not directly test training
interventions or recovery strategies.

Final Synthesis

In summary, eccentric exercise induces distinct
temporal responses in oxidative stress, muscle damage, and
neuromuscular performance. The relationship between
biochemical markers appears to vary across time, while
neuromuscular recovery seems to involve additional factors
beyond biochemical changes alone.

These findings contribute to a descriptive understanding
of the time-course response following eccentric exercise.
However, further studies with controlled designs and
additional physiological measurements are required to
clarify the underlying mechanisms.

Conclusion

Eccentric exercise is associated with increased oxidative
stress and muscle damage, accompanied by a reduction in
neuromuscular performance. Biochemical markers peaked
at 24 h post-exercise and gradually declined, whereas
neuromuscular recovery remained incomplete at 72 h.

The relationship between oxidative stress and muscle
damage appeared to be time-dependent, with associations
emerging during the recovery phase rather than the acute
phase.

These findings indicate that biochemical and
neuromuscular responses may follow different temporal
patterns following eccentric exercise. Neuromuscular
recovery does not appear to be fully explained by biochemical
markers alone, suggesting the involvement of additional
physiological and neuromuscular factors.

Opverall, the present results provide a descriptive account
of acute recovery dynamics following eccentric loading.
Further research using controlled designs and additional
physiological measures is required to better understand the
underlying processes.

Limitations

This study has several limitations that should be
considered when interpreting the findings. First, the sample
consisted exclusively of young male participants, which
limits the generalizability of the results to other populations,
including females, older individuals, or different training
backgrounds.

Second, only indirect biochemical markers of oxidative
stress and muscle damage were assessed. The absence of
direct measurements of inflammatory and cellular processes
(e.g., cytokines or immune responses) restricts the ability to
comprehensively characterize the underlying physiological
responses.

Third, neuromuscular performance was evaluated
using a single test (CMJ), which may not fully capture the
multidimensional nature of neuromuscular recovery.

Fourth, the single-group design without a control or
comparator group limits the ability to attribute the observed
changes exclusively to the eccentric exercise protocol and
does not account for potential influences such as repeated
testing effects or natural variability over time.

Finally, dietary intake and physical activity outside the
experimental protocol were not strictly controlled, which
may have influenced individual recovery responses.

Taken together, these limitations indicate that the
present findings should be interpreted as descriptive of acute
responses under the specific study conditions, rather than
as evidence of causal mechanisms or generalizable recovery
patterns. Additionally, the observational nature of the study
and the use of correlational analyses preclude any causal
inference regarding the relationship between oxidative
stress, muscle damage, and neuromuscular responses.
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OO6rpyHTyBaHHA. EKClIeHTPpIYHI BIPaBY CHPUYNHAIOTD OKCUJATYBHUI CTPEC, IIOUIKOPKEHHA M A3iB Ta 3HIDKEHH:A HEPBOBO-
M’s130BOI Impare3gaTHocTi. [IpoTe 4acoBuiT B3a€EMO3B sI30K MK MY PeaKIisIMI 3a/IUIIAETHCS HEOCTATHBO 3PO3YMIiNM, 30Kpe-
Ma y Gi3NYHO aKTUBHMX OCi0, AKi 3aiIMaIOTbCA PEKpealiifHIIM CIIOPTOM.
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Merta pgocnimkenns. Lle mocmimykeHHA Maso Ha MeTi BUBYMTM 4acOBY AMHAMIKy 3MiH Ta (basoBo—sanemHi B3a€EMO3B A3KI
MDK OKCMIATUBHUM CTPECOM, MOIIKO/KEHHAM M A3iB i HEPBOBO-M A30BOIO NPale3[jaTHICTIO MiC/IsA BUKOHAHHSA MIPOTOKOIY eKC-
LIEHTPUYHMX BIIPAB Ha OCHOBI JIETKOAT/IETMYHMX €/IEMEHTIB.

Marepianu i MeTogu. 3aCTOCOBAaHO OJHOIPYIIOBUII IU3ai1H JOC/i/I)K€HHA 3 TIOBTOPHUMM BYMipIOBaHHAMM, 10 AKOTO 3aTy4M-
7 46 (biquHo aKTVMBHMX CTYJEHTIB 90/IOBiYO1 CTaTi, IKi 3a/IMAaIOTbCA PEKPealiliHiM CIIOPTOM (Bik: 19,15 + 0,76 pOKy). YyacHuku
BUKOHYBa/IM IPOTOKOJI eKCIIEHTPUYHUX BIIPAB, [0 BK/IIOYAB CTPUOKM 3 MpU3EeMIEHHAM, 0araTOCKOKY, YIIOBIIbHEHH Mif ac
CIIPUHTY Ta IPUCITaHHsA B HOBIIbHOMY TeMIti. PiBHi MaonoBoro gianbaeriny (MIIA), kpearnnkinasu (KK) Ta mokasHuxu cTpu6-
Ka 3 KoHTppyxoM (CKP) BumipioBann Ha BUXiTHOMY piBHI, a Takox depes 24, 48 ta 72 ropunu mics $GisMYHOro HaBaHTAKEHHS.
AHasti3 HaHMX IPOBEEHO 32 JOIIOMOTOI0 [JCIIEPCiIHOrO aHa/li3y 3 OBTOPHMMI BUMIPIOBAaHHAMM i3 3aCTOCYBaHHAM post-hoc
kputepiio bordepponi Ta kopernsriitHoro ananisy Ilipcona.

Pesynprarn. JIn Bcix 3MiHHUX BUAB/IEHO 3HauyLli yacoBi edextn (p < 0,001). PiBri MITA ta KK spocnnu uepes 24 ropun,
ITiC/IA YOT0 3HM3MINCA Yepes 48 i 72 TonayHm, IpoTe 3a/IMIIaINCA MiABUIIeHMY NOpiBHAHO 3 BuxifiHuM piBHeM. [Tokasuuku CKP
SHM3WINCA 4Yepe3 24 TOAVHY J1 IPOJEMOHCTPYBalM YaCTKOBE BifIHOB/IEHHS, ajle He IOBEPHY/INCS [0 BUXiTHOTO piBHA 4epes 72
ropnun. He 6yrmo BusiBieno sHauyioi kopersnii Mixk MJTA ta KK gepes 24 roguau; ofHaK HOMipHI IO3MTUBHI KOpesLil ciocTe-
piranmcs depes 48 roguH (r = 0,557, p < 0,001) ta 72 roguuu (r = 0,496, p < 0,001). 3HaUyLMX B3a€EMO3B A3KiB MK 6i0XiMiYHMMU
Mapkepamy Ta noxkasHukamu CKP He BusABeHo.

BucnHoBku. ExcrieHTpu4Hi BIIpaBM IHAYKYIOTb OKCUIATMBHUII CTPeC i MOLIKO/KEHH M A31B Ha T/Ii 3HIDKEHHS HEePBOBO-
M’s130BOI IIpate3faTHOCTI. BioxiMiuHi MapKepy [OCATAOTh MIKOBMX 3HaYeHb 4Yepe3 24 TOAMHY 3 MOJAIBIIOI TEHJEHIIEN 10
3HVDKEHHS, TOJ SIK HepPBOBO-M s130B€ BiIHOBJICHH: 3a/IMIIAEThCSA He3aBEPIICHVM HaBiTh uepe3 72 rogyHy. BaaeMo3s’ 130k Mix
OKCHUJATVBHUM CTPECOM 1 IOIIKOMKEHHSM M 5I31B € YaCO3a/IeKHIM, IIPOSIB/IAIOYNCD M1iJ| Yac ¢asy BiHOB/IEHHS, a He B TOCTPIil
¢asi. OTpumaHi pe3ynbTaTyt BKa3yloTh Ha BifMIHHOCTI B 4aCOBMX 3aKOHOMIPHOCTSIX i CBiIYaTh PO Te, 1IJO OLiHIOBATU HEPBOBO-
M’5130BY IIpalje3aTHICTh BUK/IIOYHO 3a 610XiMiYHMMM MapKepaMyl € HeOCTATHIM.

KirouoBi cmoBa: eKClieHTpUYHi BIIPaByM, OKCUAATUBHUI CTPeC, KpeaTMHKIHA3a, MaJIOHOBUIL Jjia/Ib/IeTii, HePBOBO-M 30Ba
Npane3faTHiCThb, BiflHOBIEHHA.
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Abstract

Background. In multicultural educational contexts, schools are increasingly required to promote inclusive practices
that support the social integration and well-being of students with a migrant background. Physical activity has been
identified as a potentially effective tool for fostering relational and intercultural skills; however, empirical evidence
based on structured interventions remains limited.

Objectives. This study aimed to evaluate the effectiveness of a structured, inclusion-oriented physical activity
programme in improving social inclusion, self-esteem, and classroom climate among lower secondary school
students, with particular attention to those with a migrant background.

Materials and Methods. A mixed-method quasi-experimental design with pre-test and post-test measures was
adopted. The sample consisted of 72 students aged 11-13 years, divided into an experimental group (n = 36)

and a control group (n = 36). The 12-week intervention included cooperative learning, peer tutoring, non-verbal
communication activities, and culturally relevant games. Quantitative data were collected using validated instruments
(SISCA, Rosenberg Self-Esteem Scale, Classroom Climate Scale) and analysed using t-tests and repeated measures
ANOVA. Qualitative data were gathered through focus groups, teacher logbooks, and systematic observation.
Results. The experimental group showed statistically significant improvements compared to the control group. Social
inclusion scores increased from M = 2.91 (SD = 0.43) to M = 3.47 (SD = 0.38) (F(, ) = 14.62; p = 0.001). Self-esteem
improved from M = 21.8 (SD = 3.6) to M = 25.1 (SD = 3.2) (t = 4.07; p = 0.002). Classroom climate scores increased
from M = 3.02 (SD = 0.40) to M = 3.55 (SD = 0.36) (F(, 5, = 11.89; p = 0.003). No statistically significant changes were
observed in the control group (p > 0.05). Qualitative findings corroborated these results, indicating improvements in
peer relationships, non-verbal communication, and sense of belonging.

Conclusions. Under structured and theory-driven conditions, physical activity programmes based on inclusive
pedagogical strategies can significantly enhance social inclusion, self-esteem, and classroom climate in multicultural
lower secondary school settings. These findings support the implementation of targeted physical activity
interventions as an effective approach to promoting social integration and psychological well-being among students,
particularly those with a migrant background.

Keywords: physical activity, school inclusion, migrant students, physical education, mixed approach.

Introduction heterogeneity of school populations. In this context, schools
play a strategic role not only in the transmission of knowledge,
but also in the construction of inclusive, equitable educational
environments geared towards the overall development of
the individual (Ainscow, Booth & Dyson, 2006). Inclusion,

© Palmiero, E, Saraiello, E., Maisuradze, M., & Tafuri, M. G., 2026. thereffore, cannot l?e co'nsidered'exclusively as a response to
special needs or situations of disadvantage, but rather as a

(@ PETM founding principle of contemporary education systems and
f LLCOVS

In the new millennium, education systems are called upon
todeal withincreasingsocial, cultural, andlinguistic complexity,
largely determined by migration processes and the progressive
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an essential prerequisite for sustainable social development
(UNESCO, 2017).

In the field of education, numerous studies emphasize
that school inclusion involves moving beyond compensatory
or welfare-based models in favor of approaches that value
diversity as an educational and cultural resource (Slee,
2011; Fiorucci, 2014). In particular, students with a migrant
background may encounter difficulties related to language
barriers, a sense of belonging, and the construction of social
identity, especially in the pre-adolescent phase, which is
characteristic of lower secondary school (Benadusi, 2018).
In this scenario, physical and sporting activities take on an
educational function of primary importance. Thanks to their
physical, relational, and experiential nature, they promote
forms of nonverbal communication and situated learning
processes, capable of reducing inequalities and facilitating
the encounter between cultural, linguistic, and social
differences (Bailey, 2006; Kirk, 2010). Physical education,
in particular, is a privileged context for the development
of transversal skills such as cooperation, respect for rules,
responsibility, autonomy, and self-awareness, in line with
European guidelines on key competences for lifelonglearning
(European Commission, 2018). From a psycho-pedagogical
point of view, several studies show that participation in
structured physical activities can have a positive impact on
self-esteem, perceived self-efficacy, and sense of belonging
to the group, which are crucial elements for well-being
at school and the prevention of adolescent distress (Fox,
2000; Weiss & Ferrer-Caja, 2002). In particular, for foreign
students, physical activity represents an educational space
in which the body becomes a cultural mediator, allowing
them to overcome language barriers and build meaningful
relationships based on collaboration and shared play (Dagkas,
Benn & Jawad, 2011). International literature indicates that
students with a migrant background are more exposed
to the risk of social isolation, low participation in school
activities, and reduced levels of self-esteem, especially in
educational contexts lacking intentional inclusive strategies
(OECD, 2019; Suarez-Orozco et al., 2018). From this
perspective, inclusive physical education can be a powerful
tool for promoting educational equity, provided that it is
designed according to active, cooperative, and culturally
sensitive methodologies (Haegele, Hodge & Rizzo, 2018).
Despite widespread theoretical recognition of the inclusive
value of physical activity, there are still few experimental
studies that systematically analyze the effectiveness of
motor programs aimed at school inclusion, especially
through mixed research designs capable of integrating
quantitative and qualitative data (Bailey et al., 2013).
Furthermore, the Italian context, and in particular that of
lower secondary school, still appears to be under-explored
by empirical research linking pedagogical, psychological,
and physiological dimensions. However, a clear gap persists
between the intended educational outcomes of inclusive
school systems—namely, the effective social integration,
active participation, and psychological well-being of students
with a migrant background—and the existing pedagogical
approaches implemented in physical education. While the
literature widely acknowledges the inclusive potential of
physical activity, most existing interventions remain either
descriptive, non-experimental, or insufficiently structured to
systematically target intercultural inclusion. Moreover, there

is a lack of studies adopting mixed-method designs capable
of simultaneously capturing measurable psychosocial
outcomes and the underlying relational processes. Therefore,
the research problem addressed in this study lies in bridging
the gap between the theoretical recognition of physical
activity as an inclusive tool and the limited availability
of empirically validated, structured, and pedagogically
grounded intervention models within lower secondary
school contexts. In light of these considerations, this study
aims to contribute to the scientific debate in the field of motor
and sports sciences by offering an experimental analysis of
the impact of an inclusive physical activity program aimed
at Italian and foreign students in lower secondary schools.

To address this gap, the present study proposes and
empirically tests a structured physical activity intervention
explicitly designed according to inclusive pedagogical
principles, including cooperative learning, peer tutoring,
nonverbal communication strategies, and the valorization
of students’ cultural backgrounds through traditional
games. Unlike previous approaches, the intervention is
systematically implemented and evaluated through a
mixed-method quasi-experimental design, allowing for the
integration of quantitative measures (social inclusion, self-
esteem, classroom climate) with qualitative insights into
students’ experiences and interaction dynamics.

By doing so, this study aims to provide robust empirical
evidence on both the effectiveness and the mechanisms of
inclusive physical activity, contributing to the development
of replicable and evidence-based educational practices in
multicultural school settings.

Materials and Methods

This study adopts an experimental design with a mixed-
methods approach, integrating quantitative and qualitative
analyses in order to obtain an in-depth and multidimensional
understanding of the phenomenon under study. This approach
is particularly appropriate in the field of motor sciences
and inclusive education, as it allows for the combination of
objective measurement of the effects of the intervention with
the analysis of the subjective experiences of the participants
(Creswell & Plano Clark, 2018). The research is structured
according to a pre-test/post-test model with an experimental
group and a control group, which allows the effectiveness
of the inclusive physical activity program to be evaluated by
comparing the changes observed in the two groups over time.
Quantitative measurements were taken before the start of the
intervention (T0) and at the end of the program (T1), while
qualitative data were collected longitudinally during and at the
end of the experience. The experimental group participated in
a structured physical activity program with specific inclusive
strategies, while the control group followed the regular physical
education curriculum required by ministerial guidelines.
Participants were assigned to groups on a natural basis (pre-
existing classes), making the study quasi-experimental, in line
with research practices in real school contexts (Shadish, Cook
& Campbell, 2002).

Sample

The overall sample consists of 72 students (aged between
11 and 13) attending the first and second years of three lower
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secondary schools in the province of Milan, selected for their
significant presence of students with a migrant background
and their willingness to participate in the research project.

The sample distribution is as follows:

Experimental group (EG): 36 students

o 18 Italian students

o 18 foreign students

Control group (CG): 36 students

o 19 Italian students

17 foreign students

The foreign students mainly come from first- and
second-generation migrant backgrounds, with different
cultural and linguistic backgrounds. This heterogeneity
was considered a relevant factor for the analysis of the
inclusive effectiveness of the intervention. The sample size
is consistent with similar experimental studies conducted in
schools, in which groups of between 30 and 40 subjects allow
statistically significant effects to be detected in relation to
psychosocial and educational variables (Bailey et al., 2013).

Although an a priori power analysis was not conducted,
thesamplesizeis consistent with previous quasi-experimental
studies in school-based physical education contexts, which
have demonstrated sufficient statistical power to detect
medium-sized effects in psychosocial variables. Moreover,
the balanced distribution between experimental and control
groups contributes to the internal validity of the study and
supports the reliability of the observed effects.

Inclusion criteria

Students who met the following criteria were included

in the study:

« regular enrollment in a lower secondary school at
the time of the survey;

o age between 11 and 13 years;

o for the subsample of foreign students, at least one
parent born abroad, regardless of the student’s
citizenship;

o possession of a medical certificate of fitness for non-
competitive physical activity;

o regular participation in physical education classes;

o acquisition of written informed consent from parents
or legal guardians, in accordance with current ethical
regulations and EU Regulation 2016/679 (GDPR).

Exclusion criteria

+ Students who had one or more of the following
conditions were excluded from the study:

o certified diagnosis of severe motor or cognitive
disabilities that prevented participation in the
proposed physical activities;

« presence of chronic diseases or clinical conditions
incompatible with structured physical activity;

» absences exceeding 25% of the total activities
planned during the intervention period, considered
insufficient to guarantee exposure to the experimental
treatment;

o simultaneous participation in high-intensity structured
extracurricular sports programs (more than three
sessions per week), in order to reduce the risk of
confounding variables related to external training.

Activities

The experimental intervention was designed according
to an educational, inclusive, and interdisciplinary approach,
integrating pedagogical, psychological, and motor
principles, with the aim of promoting school inclusion
and the psychological and physical well-being of students,
particularly those with a migrant background. The program
lasted a total of 12 weeks, with two 60-minute sessions per
week, for a total of 24 teaching units, and was fully integrated
into the physical education curriculum.The time frame of the
intervention is consistent with the literature, which shows
that programs lasting between 8 and 16 weeks are sufficient
to produce significant changes in psychosocial and relational
variablesin childhood (Baileyetal.,2013; Lubansetal., 2016).
Each session was divided into three main phases:

1. Initial phase (10-15 minutes): motor activation and
playful, cooperative warm-up games.

2. Central phase (35-40 minutes): structured activities
oriented towards inclusive goals.

3. Final phase (5-10 minutes): cool-down, guided
reflection, and sharing of the experience.

Cooperative games and adapted team sports

A central component of the program was the use of
cooperative games and adapted team sports, designed to
reduce excessive competitiveness and encourage peer
collaboration. According to Johnson and Johnson (2009),
cooperative learning in motor contexts promotes positive
interdependence, individual responsibility, and the
development of social skills. Team sports (e.g., basketball,
volleyball, soccer) were adapted through:

o rule changes;

o systematic role rotation;

o group rather than individual goals;

« valuing the contribution of each participant.

These adaptations are consistent with models of
inclusive physical education, which aim to ensure equal
opportunities for participation and motor success for all
students, regardless of skill level or cultural background
(Kirk, 2010; Haegele & Sutherland, 2015).

Activities based on nonverbal communication

Particular attention was paid to motor activities based
on nonverbal communication, such as mimicry games,
cooperative motor courses, relay races without the use of
words, and rhythmic activities. The body was conceived as
a privileged tool for expression and cultural mediation. The
literature highlights how nonverbal communication plays a
key role in the inclusion of foreign students, especially in the
early stages of school integration, when language skills may
be limited (Garcia & Wei, 2014). In the motor field, body
language allows for the construction of shared meanings
and authentic relationships, reducing the risk of exclusion
(Shilling, 2012).

Peer tutoring and cooperative learning strategies

The program systematically integrated peer tutoring
and cooperative learning strategies, assigning specific roles
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to students (tutor, observer, facilitator) and promoting
mutual support among peers. In particular, Italian and
foreign students were frequently placed in pairs or
small heterogeneous groups, encouraging intercultural
interaction. Numerous studies show that peer tutoring in
physical education improves not only motor skills but also
the self-esteem, sense of self-efficacy, and social skills of the
students involved (Ward & Lee, 2005; Dyson & Casey, 2012).
Furthermore, cooperative learning promotes a positive
and inclusive classroom climate, reducing isolation and
marginalization (Casey & Goodyear, 2015).

Promoting cultural differences through traditional games

A distinctive feature of the intervention was the
inclusion of traditional games and physical activities from
the countries of origin of the foreign students, selected and
adapted with the active involvement of the participants
themselves. This methodological choice is based on the
principles of intercultural pedagogy, which recognizes the
educational value of cultural diversity and promotes dialogue
between different identities (Portera, 2013). Through the
sharing of traditional games, foreign students took on the
role of ‘cultural experts, promoting social recognition and
strengthening personal identity. The literature emphasises
how this approach contributes to improving the sense of
belonging and counteracting stereotypes and prejudices in
schools (Dagkas et al., 2011; Benn, Pfister & Jawad, 2011).

Role of the teacher and monitoring of the intervention

The physical education teacher acted as a facilitator
of the educational process, adopting a democratic and
reflective teaching style in line with student-centered
teaching models (Mosston & Ashworth, 2008). During
the intervention, systematic observation grids were used
to monitor participation, social interactions, and inclusive
behaviors.

Control group

The control group followed the normal physical
education curriculum set out in the National Guidelines,
without the introduction of teaching strategies specifically
geared towards intercultural inclusion. This made it possible
to attribute any changes observed in the experimental group
to the proposed intervention with greater reliability.

Tools

In order to systematically and comprehensively evaluate
the effectiveness of the experimental intervention, the
research involved the use of quantitative and qualitative
assessment tools, selected on the basis of their scientific
validation, reliability, and suitability for the school context.
The integration of different tools made it possible to capture
both the measurable outcomes of the intervention and the
experiential and relational dimensions perceived by the
subjects involved, in line with the principles of mixed-
method educational research (Creswell & Plano Clark,
2018). Quantitative measurements were taken at two
distinct moments: before the start of the program (pre-

test, T0) and at the end of the twelve weeks of intervention
(post-test, T1). Qualitative tools, on the other hand, were
used longitudinally and conclusively in order to explore the
educational processes that had been activated.

Quantitative Tools

Forthe quantitativeanalysis, standardized questionnaires
that have been widely validated in international scientific
literature were used. These were administered in paper form
during school hours, under the supervision of researchers
and teachers.

The Social Inclusion Scale for Children and Adolescents
(SISCA; Pijl & Frostad, 2010) was used to assess the level
of social inclusion perceived by students within the school
context. The scale measures dimensions such as sense of
belonging to the group, quality of peer relationships, and
participation in school activities. Previous studies have
shown good internal reliability of the instrument (a > 0.80)
and solid construct validity, making it particularly suitable
for multicultural educational contexts.

The Rosenberg Self-Esteem Scale (RSES; Rosenberg,
1965), adapted for adolescents, was used to assess self-
esteem. The scale, consisting of ten items on a Likert scale,
measures overall self-assessment and is one of the most
widely used tools in psychology and education. Numerous
studies confirm its reliability and sensitivity to changes
resulting from educational and sports interventions (Fox,
2000; Marsh et al., 2014).

The classroom climate was investigated using the
Classroom Climate Scale (CCS; Moos & Trickett, 1987),
a tool that analyzes students’ perceptions of interpersonal
relationships, mutual support, involvement, and the level of
cooperation within the class group. The classroom climate
is a key variable in the processes of school inclusion and
psychosocial well-being, especially in contexts characterized
by high cultural heterogeneity (Thapa et al., 2013).

Qualitative Tools

Alongside quantitative tools, qualitative tools were used
for exploratory and interpretative purposes, with the aim of
deepening the meaning attributed by students and teachers
to the inclusive motor experience.

Semi-structured focus groups were conducted with
foreign students belonging to the experimental group at
the end of the intervention. The focus groups allowed us to
collect narratives, perceptions, and experiences related to
relational dynamics, sense of belonging, and the experience
of physical activity as an inclusive space. This methodology
is particularly effective for investigating social and identity
processes in adolescence (Morgan, 1997).

The logbooks kept by physical education teachers
provided a tool for systematic reflection on the progress of the
intervention. Teachers noted observations regarding student
participation, peer interactions, difficulties encountered, and
teaching strategies adopted. The use of logbooks is widely
recognized as a useful tool for documenting educational
processes and promoting informed professional reflection
(Zabalza, 2004).

Finally, systematic observation of motor activities
was conducted using structured grids based on the model
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proposed by Anguera (2003). The grids made it possible to
detect observable behaviors related to cooperation, active
participation, peer support, and the inclusion of foreign
students. Direct observation made it possible to integrate
self-reported data with behavioral evidence, increasing the
overall validity of the study.

Data analysis

The quantitative data were analyzed using descriptive and
inferential statistical procedures, using dedicated statistical
software. In the first phase, the mean, standard deviation,
and frequency distribution were calculated for all the
variables considered. Subsequently, to verify the differences
between the experimental group and the control group and
the variations over time, t-tests for independent samples and
analysis of variance (ANOVA) with repeated measures were
applied, with a significance level set at p < 0.05. These analyses
are appropriate for quasi-experimental studies with pre- and
post-intervention measurements (Field, 2018). Qualitative
data were analyzed using thematic analysis according to the
model proposed by Braun and Clarke (2006). The analysis
process involved a phase of familiarization with the data,
followed by inductive coding, identification of emerging
themes, and their interpretation. To ensure the reliability of
the analysis, the coding was carried out by two independent
researchers, with subsequent comparison and consensus
on the final themes. The integration of quantitative and
qualitative results allowed for a more complete reading of
the effects of the intervention, making it possible to link
measurable changes to the experiences of the participants,
in line with the principles of methodological triangulation.

Inadditiontosignificancetesting, effect sizeswere calculated
to assess the magnitude of the observed differences. Cohen’s d
was computed for paired and independent comparisons, while
partial eta squared (n) was reported for ANOVA models.
Furthermore, interaction effects between group (experimental
vs. control) and time (T0 vs. T'1) were examined using repeated
measures ANOVA, in order to verify whether the changes
over time differed significantly between the two groups.
This approach allows for a more robust interpretation of the
intervention effects beyond statistical significance.

Results

The quantitative analysis made it possible to evaluate the
effectiveness of the experimental intervention by comparing
the scores obtained by the experimental group and the
control group in the three variables considered: perceived
social inclusion, self-esteem, and classroom climate. In the
pre-test phase (T0), no statistically significant differences
emerged between the two groups for any of the variables
analyzed, confirming the initial homogeneity of the sample.

Table 1. Pre-test (T0) Comparison Between Groups

Experimental Control _, .
. Significant
Variable Group Group Difference
(M+SD) (M+SD)
Social Inclusion (SISCA) 291+£043 294+0.45p>0.05
Self-Esteem (Rosenberg) 21.80 £3.6 21.90+3.9 p>0.05

Classroom Climate 3.02+0.40 3.04+0.41p>0.05

With regard to the Social Inclusion Scale for Children
and Adolescents (SISCA), the experimental group showed
a significant increase in average scores from the pre-test
to the post-test. In particular, the average score went from
M =291 (SD = 0.43) at TO to M = 3.47 (SD = 0.38) at T1,
with a statistically significant difference detected by repeated
measures ANOVA (F(1,70) = 14.62; p = 0.001). The control
group, on the other hand, did not show any significant
changes (T0: M = 2.94; SD = 0.45; T1: M = 2.99; SD = 0.44;
p > 0.05). Analysis of the subscales showed particularly
significant improvements in the dimensions relating to sense
of belonging and participation in group activities.

Table 2. Social Inclusion (SISCA) Results

TI(M+

Group TO (M £ SD) sD) Significance
Experimental Group ~ 2.91+0.43 347 £0.38 p =0.001
Control Group 294+045 299 +0.44 p>0.05

With regard to self-esteem, measured using the
Rosenberg Self-Esteem Scale, the experimental group
showed a significant increase in the overall average score,
which rose from M = 21.8 (SD = 3.6) at TO to M = 25.1
(SD = 3.2) at T1. The paired samples t-test showed a
statistically significant difference (t = 4.07; p = 0.002). Again,
the control group showed no significant changes during the
period considered (p > 0.05). The increase in self-esteem was
particularly marked in the subgroup of foreign students in
the experimental group.

These quantitative improvements are supported by
qualitative findings, which provide insightinto theunderlying
relational processes. In particular, students reported a
strengthened sense of belonging to the class group, frequently
describing cooperative activities as opportunities to “feel
part of the group” and “be accepted without differences”.
Observational data and teacher logbooks confirmed an
increase in peer interaction and active participation,
especially among students with a migrant background.
These findings suggest that the increase in social inclusion
scores was mediated by enhanced peer relationships and
shared group experiences.

Table 3. Self-Esteem (Rosenberg Scale)

Group TO (M +SD) T1(M+SD) Significance
Experimental Group 21.8+3.6 251+£3.2 p =0.002
Control Group 21.9+3.9 220+ 3.8 p>0.05

With regard to classroom climate, assessed using the
Classroom Climate Scale, the results indicate a significant
improvement in the experimental group in terms of
cooperation, peer support, and involvement. The overall
average score increased from M = 3.02 (SD = 0.40) at TO to
M = 3.55 (SD = 0.36) at T1, with a statistically significant
difference (F(, ;) = 11.89; p = 0.003). In the control group,
scores remained essentially stable over time.

The quantitative increase in self-esteem in the
experimental group is further explained by qualitative
evidence. Teachers’ logbooks and student narratives
highlighted a progressive increase in self-confidence and
initiative, particularly among initially marginalised students.
Many participants began to take on active roles during
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activities, especially in contexts where cultural competencies
were valued (e.g., traditional games). This suggests that
the observed improvement in self-esteem was linked to
processes of social recognition, role-taking, and perceived
competence within the group.

Table 4. Classroom Climate Results

Group TO (M +SD) TI1(M+SD) Significance
Experimental Group ~ 3.02+0.40 3.55+0.36 p=0.003
Control Group 3.04 +0.41 3.04+ 0.41 p >0.05

Qualitative findings also help explain the observed
improvementin classroom climate. Systematic observations and
teacher reports indicated a reduction in exclusion behaviours
and an increase in prosocial interactions, such as cooperation,
mutual support, and encouragement. Students described the
learning environment as more collaborative and inclusive over
time. These findings suggest that the improvement in classroom
climate scores was driven by the implementation of cooperative
learning strategies and peer tutoring, which fostered a more
supportive and cohesive group dynamic.

The quantitative results indicate that participation in
the inclusive physical activity program had significant and
positive effects on the psychosocial variables analyzed,
confirming the effectiveness of the intervention compared
to the normal physical education curriculum.

Overall, the integration of quantitative and qualitative
data provides a coherent explanatory framework for
interpreting the effects of the intervention. While statistical
analyses demonstrate significant improvements in key
psychosocial variables, qualitative findings clarify the
mechanisms underlying these changes, highlighting the role
of cooperative learning, nonverbal communication, and
cultural recognition in promoting inclusion, self-esteem,
and a positive classroom climate.

To ensure a coherent interpretation of the results across
multiple outcome variables, a rule of decision was defined.
Specifically, the intervention was considered effective
when statistically significant improvements (p < 0.05) were
observed in at least two of the three primary outcomes
(social inclusion, self-esteem, and classroom climate),
accompanied by convergent qualitative evidence supporting
the underlying mechanisms of change.

In the present study, all three variables showed significant
improvements in the experimental group compared to the
control group, while no significant changes were observed in the
control group. Therefore, according to the predefined decision
rule, the intervention can be considered effective in promoting
psychosocial inclusion outcomes in the target population.

Discussion

The results of this study confirm the central role of
physical activity as an educational and inclusive tool, capable
of significantly influencing social integration processes,
psychological well-being, and the relational climate
within middle schools. This evidence is consistent with
pedagogical models centered on the person and the body
in motion, which recognize the global educational value
of motor experience, rather than merely its performance
value (Kirk, 2010; Mosston & Ashworth, 2008). From a
quantitative point of view, the improvements observed in the

experimental group in terms of perceived social inclusion,
self-esteem, and classroom climate are consistent with
international literature, which highlights the effectiveness of
structured physical activity programs intentionally geared
toward inclusion (Bailey et al., 2013; Lubans et al., 2016). In
particular, the significant increase in scores relating to sense
of belonging and participation in group activities confirms
that physical activity can be a powerful mediator of positive
social relationships, especially for students with a migrant
background, who are often exposed to marginalization
(OECD, 2019). The increase in self-esteem levels found in
the experimental group, especially among foreign students,
is reflected in studies that highlight a positive relationship
between participation in inclusive physical activities and the
development of self-efficacy and self-image in childhood
(Fox, 2000; Weiss & Ferrer-Caja, 2002). The adoption
of strategies such as peer tutoring, role rotation, and the
enhancement of cultural skills has probably contributed to
creating contexts of widespread motor success, reducing
the risk of exclusion and promoting the perception of
personal competence. The improvement in the classroom
climate, highlighted by both quantitative data and systematic
observation, appears particularly relevant in relation to the
cooperative dimension of the intervention. The literature
emphasizes that a positive relational climate is an essential
condition for learning and well-being at school, especially
in contexts characterized by high cultural heterogeneity
(Thapa et al., 2013; Dyson & Casey, 2012). In this sense,
inclusive physical education is a privileged space for
building relationships based on trust, mutual respect, and
collaboration. The qualitative results allow us to explore
the mechanisms through which the intervention produced
the observed effects. The thematic analysis highlighted the
role of the body as a universal language and as a tool for
intercultural mediation, confirming what has been argued by
several authors regarding the communicative and symbolic
function of movement (Shilling, 2012; Garcia & Wei, 2014).
To strengthen the causal interpretation of the intervention
effects, it is important to clarify the underlying mechanisms
through which the proposed strategies produced the
observed outcomes. Specifically, cooperative learning
structures fostered positive interdependence and shared
goal orientation, which in turn increased peer support and
reduced social isolation. Peer tutoring activated processes
of role-taking, mutual responsibility, and social recognition,
contributing to the development of self-efficacy and self-
esteem, particularly among migrant students. Activities
based on nonverbal communication enabled participation
beyond linguistic barriers, facilitating immediate
engagement and the construction of shared meanings
through embodied interaction. Finally, the inclusion of
culturally relevant games promoted identity validation and
social recognition, enhancing students’ sense of belonging.
These mechanisms jointly operated as mediating processes
linking the pedagogical design of the intervention to
improvements in social inclusion, classroom climate, and
psychological well-being.The reduction of language barriers
through nonverbal communication encouraged the active
participation of foreign students, strengthening their sense of
belonging and involvement in group dynamics. Particularly
significant is the theme of valuing cultural differences
through the introduction of traditional games from the
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students’ countries of origin. This approach, in line with the
principles of intercultural pedagogy, has made it possible to
recognize and legitimize the cultural identities of foreign
students, transforming them into an educational resource
for the entire class (Portera, 2013; Benn, Pfister & Jawad,
2011). This recognition seems to have had a positive impact
on self-confidence and active participation, as evidenced
by both teachers’ logbooks and students’ narratives. The
mixed methodological approach adopted in the study
proved particularly effective in capturing the complexity
of the phenomenon under investigation. The integration
of quantitative and qualitative data made it possible not
only to measure the outcomes of the intervention but
also to understand the underlying educational processes,
strengthening the interpretative validity of the results
(Creswell & Plano Clark, 2018). In this sense, the study
contributes to filling a gap in the literature by providing
empirical evidence on the effectiveness of inclusive physical
education programs in the context of lower secondary school.
Opverall, the results suggest that physical activity, if designed
according to inclusive pedagogical and methodological
criteria, can be a strategic tool for responding to the
educational challenges posed by cultural and social diversity.
This implies the need for specific training for physical
education teachers, geared towards the development of
intercultural, reflective, and methodological skills, capable
of integrating pedagogical and physiological dimensions in
a perspective of global psychophysical development. While
aware of the limitations of the study, mainly related to the
sample size and the specific territorial context, the results
obtained offer relevant indications for the design of future
educational interventions and the implementation of school
policies oriented towards inclusion and well-being.

The interpretation of these findings should be considered
in light of specific boundary conditions that may influence
the generalisability of the results. First, the effectiveness of the
intervention appears to be contingent upon the structured
and theory-driven nature of the programme, including
the systematic use of cooperative learning, peer tutoring,
and culturally responsive activities. It is therefore unlikely
that similar outcomes would be achieved in unstructured
or traditional physical education contexts lacking these
pedagogical components.

Second, the observed effects are specific to the age
group considered (11-13 years), a developmental stage
characterised by heightened sensitivity to peer relationships
and identity construction. The impact of the intervention
may differ in younger children or older adolescents.

Third, the positive outcomes appear to be particularly
pronounced among students with a migrant background,
suggesting that the intervention may have differential
effects depending on initial levels of social integration and
vulnerability.

Finally, the intervention was implemented within a
relatively controlled school context and over a defined period
(12 weeks); therefore, the stability and long-term persistence
of these effects remain to be further investigated.

Conclusions

The results of this study indicate that structured physical
activity intentionally geared toward inclusion is an effective

educational strategy for promoting psychological and
physical well-being, social integration, and the development
of transferable skills in middle school students with a
migrant background. The proposed intervention has been
shown to have a positive impact on key variables such as
sense of belonging, self-esteem, and relational climate,
confirming the potential of physical education as a privileged
context for building inclusive school environments. The
integration of pedagogical and physiological approaches
proved particularly significant, highlighting how physical
movement can act as an educational mediator capable of
overcoming linguistic and cultural barriers. In this sense,
physical activity is not only a tool for promoting health, but
also a global educational experience capable of fostering
personal growth, autonomy, and active participation in
school life. The use of a mixed methodological approach
made it possible to grasp the complexity of the phenomenon
studied, offering an integrated reading of the measurable
outcomes and the experiential dimensions experienced by
the participants. The qualitative results, in particular, helped
to clarify the mechanisms through which the teaching
strategies adopted fostered inclusive dynamics, reinforcing
the interpretative validity of the quantitative data. In
light of this evidence, there is a clear need to promote the
conscious planning of physical education in schools, geared
towards the development of intercultural, relational, and
cooperative skills. This implies investment in the initial and
in-service training of teachers, so that they can acquire the
methodological tools needed to manage the complexity of
contemporary educational contexts. Finally, although the
study has some limitations related to the sample size and
the limited geographical context, it offers relevant insights
for future research, suggesting the opportunity to extend
the investigation to different contexts and to explore the
long-term effects of inclusive physical activity programs. In
conclusion, physical activity and sport, if properly designed,
can contribute significantly to the creation of a more
equitable and inclusive school system geared towards the
sustainable development of individuals and society.
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Pedepar. Crartsi: 9 c., 4 Tab1., 38 mKeperL.

OOIpyHTYBaHHA. B KOHTEKCTI MY/IBTUKY/IBTYPHOTO OCBITHBOTO IIPOCTOPY IIepef 3aK/IaaMy OCBITH Aefali JacTillle BUHIMKAE
noTpeba BIPOBAIKYBATH IHK/IIO3VBHI MPaKTUKM, L0 CIPYUAIOTH COL{ia/IbHii iHTerpanil Ta 6/1arononyd4io yuHiB, sKi MalOTh Mi-
rpariiine moxomxeHHs. PisyuHa aKTMBHICTh BIU3HAYAETHCS K ITOTEHIITHO epeKTUBHUII IHCTPYMEHT PO3BUTKY KOMYHIKaTUBHUX
Ta iHTePKy/IbTyPHUX HABMYOK, IPOTE KiNbKICTh €EMIIPUYHMX JAHMX, IO IPYHTYIOTbCA Ha CTPYKTYpPOBaHUX iHTEPBEHIIIAX, 3a/IN-
IIAETHCS 0OMEKEHOIO0.

Merta gocifxeHHs. MeToo gocmipKeHHs 0y/10 OLiHUTY eeKTUBHICTD CTPYKTYPOBAHOI, iHKTI03MBHO OPiEHTOBAHOI IPO-
rpamu (pi3sMYHOI aKTUBHOCTI y MiABUIIEHH] PiBHS COLia/bHOI IHK/II0311, CAMOOLIHKY Ta MTOKpPAIeHH] IICUXOJIOTIYHOrO K/IiMaTy B
K1aci ceper; y4HiB 6a30BOI cepeHbOI KON, 3 0COOIMBUM aKL[EHTOM Ha 3[100yBadax OCBITY 3 MIirPAL{iifHIIM IOXOKEHHSIM.

Marepianm i MeTogu. Y po60Ti 3aCTOCOBaHO KBa3ieKCIIepMMeHTaIbHNUIL AM3aliH i3 BUKOPUCTAHHAM 3MilllaHMX METOHIB Ta
BUMipIOBaHHAM ITOKa3HUKIB Ha IIpeTeCT- IOCTTeCTOBOMY eTallaX JOCTimKeHHA. Bubipky cxmamm 72 yuHi Bikom 11-13 pokiB, Aknx
0y710 pO3IOfii/IeHO Ha eKCIepUMeHTanbHy (N = 36) Ta KOHTPOJbHY (n = 36) rpymu. [HTepBeHLis TPUBATICTIO 12 TIDKHIB Iepen-
6auajia KooIlepaTUBHE HABYaHH:, B3AEMOHABYAHHA, BIIPaBJ Ha HeBepOaIbHy KOMYHIKAIIiI0 Ta Ky/IbTYPOIOTi4HO peleBaHTHI irpu.
361paHHs KiIbKICHNX [JaHNUX IIPOBEJEHO 3a OMOMOroI0 BaTifin3oBaHux incrpymentis (SISCA, IlIkana camoouinku Posenbepra,
IITkasa ICUXOIOTiYHOrO KIIMaTy B K/Iaci) Ta IpoaHaTi30BaHO 3a JOIOMOrOI0 t-KPUTepiiB Ta AMCIEpPCiifHOro aHali3y 3 IIOBTOP-
HMMM BuMipioBaHHAMN. SIKicHI faHi 6yn1m oTpUMaHi MIISIXOM TpOBefieHHs (POKYC-TPYII, aHa/Ii3y BUMTENbCbKYX IIOfEHHUKIB Ta
CYCTeMATMYHOTO CIIOCTEPEKEHH .

PesynpraTti. B excrniepyMeHTaNbHil IPyIli BUABAEHO CTaTUCTUYHO 3HAYYIIi IOKpAIEHHA IIOPiBHAHO 3 KOHTPOJIBHOIO IPy-
nox. ITokasuuku cornianbHOI iHKMI031T 3pocn 3 M = 2,91 (SD = 0,43) o M = 3,47 (SD = 0,38) (F,, 70 = 14,62; p = 0,001). PiBenn
camoorinky nigsumysca 3 M = 21,8 (SD = 3,6) go M = 25,1 (SD = 3,2) (t = 4,07; p = 0,002). IToka3HUKY ICUXOIOT{YHOTO KTiMaTy
B K1aci 3pocimt 3 M = 3,02 (SD = 0,40) go M = 3,55 (SD = 0,36) (F(,, 7 = 11,89; p = 0,003). ¥ KOHTpPOJIBHIII IPyIi CTATUCTUIHO
3HAYYLIVUX 3MiH He 3adikcoBaHo (p > 0,05). SkicHi pe3ynbTaTyt mifTBEpANIN Il AaHi, BKa3ylo4yl Ha IIOKpAlleHHA B3aEMIH MDK
OfIHOJTITKaMM, PO3BUTOK HeBepOabHOI KOMYHIKallii Ta ITOCH/IeHHS HOYYTTs IPUHAIEKHOCTI 1O KOTEKTHUBY.

BucHOBKM. 32 YMOB CTPYKTYPOBaHOTO Ta TEOPETUIHO OOIPYHTOBAHOTO MiIXORY IMporpamu (isndHOI aKTUBHOCTI, TOO6YHO-
BaHi Ha IHK/IIO3MBHIX II€JArOTiYHMX CTPATETiAX, MOXKYTh CyTTE€BO IiIBMIIUTH PiBeHb COLia/IbHOI iHK/MI03ii, CAMOOL[iIHKM) Ta I10-
KpaIINTY ICUXONIOTIYHMIT KJTIMAT y K/Iaci B MY/IbTUKY/IBTYPHOMY cepefoBuili 6a30Boi cepenHbol mKom. OTpuMaHi pe3ynbTaTu
CBif[4aTh Ha KOPUCTDb YIPOBAPKEHHA Li/TbOBYUX iHTE€PBEHILIil isnYHOI aKTMBHOCTI 5K e()eKTUBHOTIO IIAXOAY O CIIPUSHHS COLi-
aJIbHIIL iHTeTpalii Ta ICHXOIOTiYHOMY 6/IarOIOTyY4Io YYHIB, 30KpeMa THX, SKi MaloTb MirpariiiHe ITOXOM>KEHH:.

KrouoBi croBa: disuyHa akTHBHICTb, IIKi/TbHA IHK/TIO31s, YYHI-MirpaHTH, $i3nuHe BUXOBAHHSL, 3MIIIAHNUIT METO.
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Abstract

Background. Motor synchronisation is a key determinant of performance in artistic swimming; however, it is
primarily analysed from a technical perspective, with limited consideration of emotional and relational processes
within the team. A more comprehensive understanding of synchronised performance requires analysis of the
interaction between emotional attunement, team cohesion, and collective motor coordination.

Objectives. This study aimed to analyse the relationship between emotional attunement, team cohesion, and motor
synchronisation in artistic swimming, with particular attention to the effects of an educational intervention focused
on relational and emotional skills.

Materials and Methods. A mixed-methods quasi-experimental design was employed. The sample consisted of

150 competitive artistic swimmers aged 17-28 years, divided into an experimental group and a control group.
Participants were additionally stratified into three age subgroups (17-19, 20-23, and 24-28 years). The experimental
group underwent an educational programme designed to enhance team cohesion and emotional awareness.
Quantitative data were collected using the Group Environment Questionnaire (GEQ) and structured video analysis
of routines, whereas qualitative data were obtained through focus groups. Independent samples t-tests and subgroup
analyses were conducted. A two-way ANOVA (Group x Age group) was performed to examine the interaction
between intervention and age.

Results. The experimental group demonstrated significantly higher levels of group cohesion across all GEQ dimensions
compared to the control group (e.g., Group Integration-Task: M = 7.8 vs. 6.5; t = 4.21; p < .01; d = 0.78). Similar
differences were identified for Group Integration-Social (M = 7.6 vs. 6.3; p < .01) and Individual Attraction dimensions
(p <.05). The experimental group also achieved significantly higher motor synchronisation scores across all indicators,
including temporal precision (87% vs. 74%), body position uniformity (85% vs. 72%), synchronisation with music
(88% vs. 76%), and execution timing consistency (86% vs. 73%) (p < .05). These differences remained stable across all
age subgroups. ANOVA revealed a significant main effect of group (p <.01), whereas the main effect of age and the
interaction effect (Group x Age group) were non-significant (p > .05). Qualitative findings additionally highlighted the
importance of trust, non-verbal communication, and shared emotional states in facilitating coordination.
Conclusions. Motor synchronisation in artistic swimming should be considered not only a technical skill but also

a multidimensional process influenced by emotional attunement and team cohesion. Educational interventions
targeting relational and emotional dynamics may substantially improve collective coordination and performance
quality in team sports, independently of age-related differences.

Keywords: artistic swimming, team cohesion, motor synchronisation, emotional attunement, sports psychology,
team performance.

Introduction of swimming technique, dance, gymnastics and artistic
expression. This sport demands a high level of motor
coordination, body control, strength, flexibility and
timing from the athletes. Routines are performed in the

© Scala, G, Badii Esposito, F, & Tafuri, D, 2026, water follqwmg a structured choreography set to music,
during which the athletes must execute complex technical

(@ EECT'\(;lVS movements whilst maintaining aesthetic harmony and

610

Artistic swimming, formerly known as synchronised
swimming, is an aquatic sport that combines elements
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perfect synchronisation with their teammates (Mountjoy,
2009; Vathagavorakul et al., 2020). The origins of artistic
swimming date back to the early decades of the 20th century,
when aquatic shows combining choreographed movements
and swimming techniques began to spread across Europe
and North America. Initially, the discipline had a strong
demonstrative and spectacular component, often presented
in theatrical settings or aquatic exhibitions. Over time,
however, synchronised swimming has gradually evolved into
a structured competitive sport, characterised by technical
regulations and specific judging criteria (Vathagavorakul
et al., 2020). Official recognition by international sports
federations has contributed to its spread and the progressive
definition of technical and artistic standards. Synchronised
swimming became part of the Olympic programme in 1984,
consolidating its status as a top-level sporting discipline. In
2017, the International Swimming Federation (now World
Aquatics) officially adopted the name ‘artistic swimming’
to emphasise the expressive and choreographic elements
that characterise this discipline (Mountjoy, 2009). Artistic
swimming differs from many other sports due to its highly
interdisciplinary nature, which integrates technical, artistic
and performative components. The athletes must perform
sequences of complex movements that include technical
figures, lifts, rotations and choreographic transitions, whilst
maintaining a high level of breath control and physical
endurance. Furthermore, the performance requires constant
temporal alignment between the athletes’ movements
and the musical rhythm, an element that helps to create
an effect of harmony and fluidity in the choreography
(Vathagavorakul et al., 2020; Mountjoy, 2009). Within this
context, synchronisation is one of the fundamental elements
of performance assessment. Judges evaluate not only the
technical precision of the movements, but also the degree
of coordination between the athletes, the harmony of the
routine and the quality of artistic expression. The ability to
perform simultaneous and perfectly coordinated movements
is therefore a core skill in artistic swimming, particularly
in team routines (Mountjoy, 2009). Traditionally, the
synchronisation of movements has been analysed primarily
from a technical and biomechanical perspective, focusing
on aspects such as the temporal precision of movements,
the alignment of body positions and the quality of technical
execution. However, in recent years, the literature in the field
of sport psychology has highlighted how coordination in
team sports is influenced not only by motor skills, but also
by psychological and relational factors (Eys et al., 2015). In
particular, recent studies have emphasised the role of team
cohesion, empathy between teammates and the ability to
share emotional states during performance (Carron et
al,, 2002; Eys et al.,, 2015). In artistic swimming, the team
dimension takes on particular significance. Athletes must
develop a form of collective coordination that goes beyond
the simple simultaneous execution of movements. The
performance requires, in fact, a strong capacity for mutual
anticipation, deep trust between teammates and constant
attention to the physical and rhythmic cues coming from
the group. This form of coordination implies a high level
of harmony among the athletes, which is built up over time
through shared training sessions, competitive experiences
and relational dynamics within the team (Eccles et al,,
2004; Eys et al., 2015). In this sense, synchronisation

in artistic swimming can be interpreted not only as a
motor phenomenon, but also as the result of a process of
interpersonal coordination involving cognitive, emotional
and relational dimensions. The athletes’ ability to perceive
the group’s rhythm, anticipate their teammates’ movements
and adapt to variations in performance is a fundamental
skill for the success of the routine (Eccles & Tenenbaum,
2004). The emotional dimension also plays a central role in
the practice of this discipline. During competition, athletes
must manage high levels of emotional arousal, competitive
pressure and concentration, whilst maintaining a strong
sense of connection with their teammates. Sharing emotions,
mutual support and trust within the group can help
strengthen team cohesion and facilitate the coordination of
movements during the performance (Carron et al., 2002).

The main objective of this study was to analyse the
relationship between emotional attunement among athletes
and the precision of motor synchronisation in artistic
swimming performances. In particular, the study aimed to
examine how relational dynamics and emotional processes
within the group may influence the quality of coordination
and collective performance during the execution of routines.
Previous research in sport psychology suggests that
coordination in team sports depends not only on technical
and motor skills but also on interpersonal, cognitive, and
emotional processes that facilitate mutual anticipation and
synchronisation of actions among team members (Eccles &
Tenenbaum, 2004; Eys et al., 2015).

Within this framework, the present study focused on
the role of group cohesion, mutual trust, empathy among
athletes, and emotional harmony as potential mechanisms
underlying effective collective coordination in artistic
swimming. Several studies have demonstrated that high
levels of cohesion and trust within sports teams are associated
with improved communication, cooperation, and collective
performance effectiveness (Carron et al., 2002; Eys et al,,
2015).

Accordingly, the objectives of the study were:

o to assess the level of group cohesion in artistic

swimming teams;

o to analyse the precision of motor synchronisation

through video analysis of routines;

o to explore emotional management strategies adopted

by athletes during performance;

« to examine the role of mutual trust and relational

harmony in the process of team coordination.

Based on the literature on group cohesion and
coordination in sports teams, the following hypotheses were
formulated:

H1. A higher level of group cohesion is associated
with greater precision in motor synchronisation during the
execution of routines (Carron et al., 2002; Eys et al., 2015).

H2. Teams characterised by greater emotional harmony
among athletes demonstrate higher levels of coordination
and fluidity of movement (Eccles & Tenenbaum, 2004;
Cooke et al., 2000).

H3. Mutual trust and the perception of support among
teammates promote better emotional regulation during
performance (Carron et al., 2002).

H4. Athletes who perceive a high degree of emotional
connection with the group reporta greater ability to anticipate
teammates’ movements and maintain synchronisation
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during the routine (Eccles & Tenenbaum, 2004; Eys et al.,
2015).

Materials and Methods

Study Design

The study employed a mixed-methods quasi-
experimental design combining quantitative and qualitative
approaches. The research involved an experimental group
and a control group and aimed to examine the effects of an
educational intervention focused on emotional attunement
and team cohesion in artistic swimming. Quantitative
methods were used to assess group cohesion and motor
synchronisation, whereas qualitative methods explored
athletes’ perceptions of emotional and relational dynamics
within the team context.

Participants

The sample was selected using a non-probability
convenience sampling procedure due to the accessibility of
the sporting environment and the possibility of continuous
observation during training activities. The study was conducted
at a swimming school located in the Naples metropolitan area
with a competitive artistic swimming section.

The sample consisted of 150 competitive artistic
swimmers aged 17-28 years who regularly participated in
training sessions and official competitions. Participants were
additionally stratified into three age subgroups:

o 17-19 years (late adolescence);

o 20-23 years (emerging adulthood);

o 24-28 years (young adulthood).

Participants were included according to the following
criteria:

o regular participation in official artistic swimming

competitions;

o a minimum of two years of experience in the

discipline;

e participation in team routines;

o provision of written informed consent prior to

participation.

Educational intervention

The educational intervention was implemented only
in the experimental group during the competitive season,
whereas the control group continued the standard technical
and physical training programme provided by the swimming
school.

The intervention aimed to develop emotional awareness,
mutual trust, relational harmony, and team cohesion through
integrated educational activities conducted alongside regular
training sessions. The programme included:

« team-building activities;

o cooperative coordination exercises;

o group trust-building exercises;

o guided emotional reflection sessions;

« non-verbal communication and synchronisation

exercises;

o competition simulations followed by group

discussions.

Specific activities involved synchronised movements
without verbal communication, pair coordination exercises,
rhythm adaptation tasks, and guided reflection on emotional
states experienced during performance and competition.

The control group continued routine technical training
focused on:

o swimming technique and body control;

o technical figures and choreographic transitions;

« synchronisation exercises through routine repetition;

o coordination with music;

o physical conditioning for strength, endurance, and

flexibility.

Instruments

Group cohesion assessment

Group cohesion was assessed using the Group
Environment Questionnaire (GEQ) developed by Carron
et al. (1985). The questionnaire includes 18 items organised
into four dimensions:

o Group Integration — Task;

o Group Integration - Social;

o Individual Attractions to the Group - Task;

o Individual Attractions to the Group - Social.

Responses were provided using a 9-point Likert scale
ranging from 1 (strongly disagree) to 9 (strongly agree).
The questionnaire was administered individually under
conditions ensuring anonymity and confidentiality.

Motor synchronisation assessment

Motor synchronisation was assessed through structured
video analysis of routines recorded during training sessions
and competition simulations using high-definition cameras
positioned at poolside.

The analysis included the following indicators:

 temporal precision of movements;

« body position uniformity;

 synchronisation with musical rhythm;

» execution timing consistency.

Each indicator was evaluated using a structured
observational scoring system to obtain a composite
synchronisation index.

Qualitative data Collection

Qualitative data were collected through semi-structured
focus groups conducted with the athletes. Focus groups
explored:

o emotional experiences during performance;

o perception of group harmony;

« non-verbal communication;

o mutual trust within the team;

« emotional regulation strategies during competition.

Each session lasted approximately 45-60 minutes and
was audio-recorded and transcribed for analysis.

Statistical Analysis

Descriptive statistics were calculated for all study
variables and are presented as means and standard deviations
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(M + SD). Independent samples t-tests were used to compare
the experimental and control groups across all dimensions
of group cohesion and motor synchronisation.

To examine the potential influence of age, subgroup
analyses were conducted across the predefined age categories
(17-19, 20-23, and 24-28 years). In addition, a two-way
analysis of variance (ANOVA) (Group x Age group) was
performed to assess:

o the main effect of the intervention;

o the main effect of age;

« the interaction effect between intervention and age.

Effect sizes were calculated using Cohen’s d. Statistical
significance was set at p < .05.

Qualitative data obtained from focus groups were
analysed using thematic analysis according to Braun and
Clarke (2006).

Results

Quantitative results

The analysis of the quantitative data was conducted with
the aim of comparing the results obtained by the experimental
group and the control group in relation to levels of group
cohesion and the precision of motor synchronisation during
the performance of artistic swimming routines. In an initial
phase, descriptive statistics were calculated for the variables
under study, including the mean (M), standard deviation
(SD) and distribution of scores obtained in the Group
Environment Questionnaire (GEQ) and in the scores derived
from video analysis of the performances. This preliminary
phase provided a general overview of the characteristics
of the two groups and identified any differences in levels
of team cohesion and motor coordination. Subsequently,
a comparison was made between the experimental group
and the control group to verify the presence of statistically
significant differences between the two groups. In particular,
the analysis took into account the mean scores for the four
dimensions of the Group Environment Questionnaire —
task-oriented group integration, socially oriented group
integration, individual attraction to the group in relation to
the task, and individual attraction to the group in relation to
the social dimension — as well as the scores relating to the
precision of motor synchronisation obtained through the
observation grid used for the video analysis of the routines.
To assess the differences between the two groups, an
independent samples t-test was used, a statistical procedure

frequently employed in quasi-experimental studies in sports
science to compare the means of different groups and verify
the possible effect of an educational or training intervention.

Descriptive and inferential statistics for group cohesion
variables are presented in Table 1, allowing a structured and
reproducible comparison between the experimental and
control groups across all GEQ dimensions.

As shown in Table 1, the experimental group reported
significantly higher levels of group cohesion across all GEQ
dimensions compared to the control group. The differences
were statistically significant and associated with medium-
to-large effect sizes, indicating a consistent and substantial
impact of the educational intervention on both task-related
and social aspects of cohesion. Significant differences
between the two groups also emerged regarding the precision
of motor synchronisation, assessed through the analysis of
routines recorded during training sessions and competition
simulations. Descriptive and inferential statistics for motor
synchronisation variables are presented in Table 2, allowing a
clear and reproducible comparison between the experimental
and control groups across all performance indicators.

As shown in Table 2, the experimental group achieved
higher levels of motor synchronisation across all indicators
analysed, including temporal precision, uniformity of
body positions, synchronisation with the musical rhythm
and execution timing consistency. These differences were
statistically significant and supported by consistent effect
sizes, confirming the positive impact of the intervention on
collective coordination performance.

To further examine the internal validity of the findings,
additional analyses were conducted across the predefined
age subgroups (17-19, 20-23, 24-28 years). Across all age
categories, the experimental group consistently reported
higher levels of group cohesion compared to the control
group on all GEQ dimensions. The pattern of results was
stable across subgroups, with mean differences comparable
to those observed in the overall sample.

Similarly, for motor synchronisation indicators, the
experimental group outperformed the control group within
each age subgroup. Improvements were observed in temporal
precision, body position uniformity, synchronisation with
music, and execution timing consistency across all age ranges.

However, some minor variations emerged. Athletes in
the younger subgroup (17-19 years) showed slightly larger
differences in social cohesion dimensions, suggesting a
stronger impact of the intervention on relational dynamics
at earlier developmental stages. In contrast, athletes in the

Table 1. Comparison between experimental and control group on GEQ dimensions

Variable Group Mean (M) SD t-value p-value Effect size (Cohen’s d)
Group Integration — Task Experimental 7.8 0.9 421 <.01 0.78
Control 6.5 1.1
Group Integration - Social Experimental 7.6 1.0 3.87 <.01 0.72
Control 6.3 1.2
Individual Attraction - Task Experimental 7.9 0.8 3.95 <.01 0.75
Control 6.7 1.0
Individual Attraction - Social ~ Experimental 7.4 1.1 3.52 <.05 0.65
Control 6.2 1.3
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Table 2. Comparison between experimental and control group on motor synchronisation indicators

Variable Group Mean (%) SD p-value Effect size (Cohen’s d)
Temporal precision Experimental 87 5 <.05 0.80
Control 74 6
Body position uniformity Experimental 85 6 <.05 0.78
Control 72 7
Synchronisation with music Experimental 88 5 <.05 0.82
Control 76 6
Execution timing consistency Experimental 86 6 <.05 0.79
Control 73 7
Table 3. Comparison between experimental and control group across age subgroups
Variable Age group Experimental (M + SD) Control (M + SD) p-value
Group Integration — Task 17-19 7.9+0.8 64=+1.1 <.01
20-23 7.8+0.9 6.5+1.0 <.01
24-28 7.7+1.0 6.6+ 1.1 <.05
Group Integration - Social 17-19 7.7+£09 62+1.2 <.01
20-23 7.6+ 1.0 63+1.1 <.01
24-28 75+ 1.1 6.4+1.2 <.05
Temporal precision (%) 17-19 86+6 73+7 <.05
20-23 875 74+ 6 <.05
24-28 88 +4 75+5 <.05
Synchronisation with music (%) 17-19 87+6 75+7 <.05
20-23 885 76 £ 6 <.05
24-28 89+ 4 77 £5 <.05

older subgroup (24-28 years) demonstrated more stable
performance in motor synchronisation indicators, with
lower variability in execution timing.

The two-way ANOVA (Group x Age group) revealed
a significant main effect of group (p < .01), confirming the
overall effectiveness of the educational intervention. The main
effect of age was not statistically significant (p > .05), indicating
that age alone did not account for the observed differences.
Importantly, the interaction effect between group and age was
not statistically significant (p > .05), suggesting that the impact
of the intervention was consistent across age groups and not
dependent on the age structure of the sample.

As shown in Table 3, the differences between the
experimental and control groups remained consistent across
all age subgroups, confirming the stability of the intervention
effect across different age ranges.

Overall, the results show a consistent pattern across
all variables and age groups, with the experimental group
outperforming the control group in both cohesion and
motor synchronisation, indicating a structured and robust
effect of the educational intervention rather than isolated or
age-dependent differences.

Qualitative results

The analysis of the qualitative data was carried out
through a thematic analysis of the focus group transcripts,

with the aim of exploring the athletes’ perceptions of the
emotional, relational and communicative dynamics that
characterise team performance in artistic swimming.
The analysis identified several recurring themes in the
participants’ narratives, particularly regarding the harmony
between athletes, the management of emotions during
performance, non-verbal communication and the role of
mutual trust in team coordination. During the focus groups,
a number of guiding questions were used to stimulate
reflection and discussion among the participants. Among
the main questions posed to the athletes were:

«  “How would you describe the level of harmony with
your teammates whilst performing the routines?”

o “Whatemotionsdo you experience whilst performing
a routine in competition or during a performance
simulation?”

o “How do you communicate with your teammates
during the routine, even without speaking?”

o “How important do you consider mutual trust to
be for maintaining synchronisation during the
performance?”

With regard to the perception of harmony among
the athletes, significant differences emerged between the
experimental group and the control group. The athletes in the
experimental group, who had taken part in the educational
programme aimed at developing group cohesion, described
a strong sense of connection and mutual coordination whilst
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performing the routines. Several participants emphasised
how the collaboration and mutual understanding developed
during the intervention had fostered greater fluidity in their
movements and a better perception of the collective rhythm.
One of the athletes stated: “During the routine, I almost
automatically feel my teammates’ movements, as if we were
all moving to the same rhythm.” Another participant noted:
“When were in the water, we don't need to keep looking at
each other, because we already know what the other will
do” In contrast, the athletes in the control group described
coordination based primarily on technical training and the
repetition of choreographic sequences. Some participants
emphasised that synchronisation depends above all on
individual attention and memory of the choreography. One
of the athletes stated: “I try to focus a lot on the beat of
the music and on what I have to do, trying to stay in sync
with the others” Another observed: “If someone makes a
mistake or moves too early, it becomes difficult to regain
synchronisation” Another theme that emerged from
the focus groups concerns the management of emotions
during the performance of routines, particularly in
competitive contexts. The athletes in the experimental group
demonstrated greater awareness of their own emotions and
of the strategies used to manage anxiety and the pressure of
competition. Some participants highlighted how comparing
themselves with their teammates and the reflective activities
carried out during the educational intervention helped to
develop greater confidence. One of the athletes said: “Before
the competition I always feel a bit tense, but knowing that
my teammates are as focused as I am helps me stay calm?”
Another participant said: “When were in the water I try
to focus on the group, not just on myself. This helps me
not to get overwhelmed by anxiety” In the control group,
however, the athletes described a more individual approach
to managing their emotions. Some participants highlighted
how the pressure of the competition can affect concentration
and the precision of movements.

One of the athletes said: “During the competition, I'm
sometimes afraid of making a mistake and this makes me
lose my rhythm a bit” Another added: “When I'm very
nervous, I find it harder to stay in sync with the others”
A further theme that emerged from the analysis concerns
the role of non-verbal communication in coordination
between the athletes. Participants in the experimental group
highlighted the importance of body signals, eye contact
and the perception of their teammates’ movements in
maintaining synchronisation during the routine. One of the
athletes explained: “Even without speaking, we can tell when
to speed up or slow down just by looking at each other”
Another participant said: “During some moves, I can really
feel the others’ movements and I adapt automatically” In
the control group, however, the athletes relied more on the
music and counting the beats as their main reference for
maintaining coordination. One participant stated: “I try to
follow the rhythm of the music above all to stay in time.”
Finally, a recurring theme that emerged from the discussions
concerns the role of mutual trust within the team. The
athletes in the experimental group emphasised how trust in
their teammates is a fundamental element in approaching
the performance with greater confidence. One participant
said: “When I know my teammates are as focused and alert
as I am, I feel more at ease during the routine” Another

stated: “Trust within the group is essential, especially during
the most difficult parts of the choreography” In the control
group, however, trust within the group was mentioned less
frequently and was often linked primarily to the technical
competence of teammates.

Discussion

The aim of this study was to analyse the relationship
between emotional attunement among female athletes and
the precision of motor synchronisation in artistic swimming
performances, taking into account the role of relational
dynamics and team cohesion in collective coordination
processes. In this perspective, sport has increasingly been
recognised as a complex educational environment in
which motor, cognitive and relational dimensions interact,
contributing to both performance and personal development
(Di Palma et al., 2025; Mazzeo et al., 2016).

The findings from the quantitative and qualitative
analyses provide valuable insights into how psychological
and relational factors can influence performance quality
in team sports contexts. The quantitative data showed that
the experimental group, which took part in an educational
programme aimed at developing emotional attunement
and group cohesion, reported significantly higher levels of
cohesion across the various dimensions measured by the
Group Environment Questionnaire compared to the control
group. In particular, the athletes in the experimental group
showed higher mean scores both in the dimensions relating
to task-oriented group integration and in those linked to
the social dimension. This result suggests that educational
activities aimed at strengthening collaboration, mutual
trust and a sense of belonging to the team may contribute
to improving the perception of unity and cohesion among
group members. Moreover, a growing body of literature
has also highlighted how structured and guided motor
programmes can significantly enhance social skills, group
cohesion and cooperative behaviours in both educational
and sport contexts (Tafuri et al., 2026; Raiola et al., 2015).
These findings are also consistent with the literature on
sports psychology, which suggests that high levels of group
cohesion are associated with greater collective performance
effectiveness and better coordination among team members
(Carron et al., 2002; Eys et al., 2015; Carron et al., 2000).

Similarly, analysis of the data on motor synchronisation
revealed that the experimental group achieved higher
average scores than the control group across all indicators
analysed, including the temporal precision of movements,
the uniformity of body positions, synchronisation with
the musical rhythm, and the consistency of execution
times among the athletes. These results suggest that the
development of relational and emotional skills within the
team may foster greater interpersonal coordination during
the execution of routines. In other words, the athletes’ ability
to perceive themselves as part of a cohesive group and to
share goals and emotional states appears to help facilitate
the alignment of movements and the fluidity of collective
performance.

Importantly, the stratified analysis by age groups
further strengthens the interpretation of these findings.
The results showed that the positive effects of the
educational intervention on both group cohesion and
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motor synchronisation remained consistent across all age
subgroups. Although some age-related variability emerged—
particularly in relation to social cohesion among younger
athletes and greater stability in motor performance among
older participants—these differences did not alter the overall
pattern of results. From a statistical perspective, the absence
of a significant interaction between group and age indicates
that the effectiveness of the intervention does not depend on
the age structure of the sample. This finding is particularly
relevant in addressing potential concerns related to internal
validity, as it supports the interpretation that the observed
improvements are primarily attributable to the educational
programme rather than to developmental differences
among participants. In this sense, the results reinforce the
idea that emotional attunement and team cohesion act as
key mechanisms in facilitating motor synchronisation,
independently of age-related factors, confirming the
robustness and generalisability of the intervention within
the analysed age range.

The qualitative findings further indicated that athletes
perceive synchronisation not solely as a technical process
but as a form of collective adaptation based on non-verbal
communication, emotional connection, and the anticipation
of teammates’ movements. Emotion regulation also emerged
as an important component of performance, as perceived
group support and shared emotional states appeared to
facilitate concentration and emotional stability during
competition. These findings are consistent with previous
sport psychology research highlighting the role of emotional
regulation processes and psychological coping strategies in
maintaining performance under competitive pressure (Lane
etal, 2012; Weinberg & Gould, 2019).

The findings of the present study suggest that
the relationship between team cohesion and motor
synchronisation in artistic swimming should be interpreted
as a dynamic and process-based phenomenon rather than
a simple associative effect. From an analytical perspective,
coordination can be understood as an emergent process
resulting from continuous interactions among athletes, in
which cognitive, perceptual and emotional components
are tightly interconnected. In this framework, group
cohesion does not act directly on performance, but operates
as a facilitating condition that enhances the efficiency of
interpersonal coordination mechanisms.

Conclusion

This study examined the relationship between emotional
attunement, group cohesion, and motor synchronisation in
artistic swimming performances using a mixed-methods
approach that combined questionnaires, video analysis of
routines, and focus groups with athletes.

The findings demonstrated that athletes involved in an
educational programme focused on emotional and relational
skills achieved higher levels of team cohesion and greater
precision of motor synchronisation compared to the control
group. The results suggest that mutual trust, emotional harmony;,
and relational quality within the team represent important
mechanisms facilitating collective coordination processes.

The qualitative findings additionally indicated that
athletes perceive synchronisation not solely as a technical
process but as a form of collective adaptation based on

non-verbal communication, emotional connection, and the
anticipation of teammates’ movements. Emotion regulation
also emerged as an important component of performance,
as perceived group support and shared emotional states
appeared to facilitate concentration and emotional stability
during competition.

Severallimitations should neverthelessbeacknowledged.
The study was based on convenience sampling and included
athletes from a single sporting organisation, which may limit
the generalisability of the findings. In addition, the quasi-
experimental design relied on pre-existing teams rather than
random assignment.

An additional limitation concerns the heterogeneity
of the sample in terms of age. Participants ranged from
late adolescence to young adulthood (17-28 vyears),
potentially introducing variability in emotional regulation,
interpersonal interaction, and coordination abilities.
However, subgroup analyses demonstrated that the positive
effects of the educational intervention remained consistent
across all age categories, supporting the interpretation that
the observed improvements were primarily associated with
the intervention rather than developmental differences
among participants.

Finally, therelatively short duration of theinterventionlimits
conclusions regarding the long-term stability of the observed
effects. Future studies should include larger and more diverse
samples, longitudinal designs, and more advanced motion-
analysis technologies to further investigate the mechanisms
underlying collective synchronisation in team sports.

Overall, the findings suggest that motor synchronisation
in artistic swimming should be understood not only as a
technical skill but also as a multidimensional process shaped
by emotional attunement, interpersonal trust, and team
cohesion. These results support the integration of socio-
emotional and relational training strategies into preparation
programmes for highly coordinated team sports.
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EMouiiHa CMHXpPOHi3aLifa Ta MOTOpHa KoopAaunHauis
B apTUCTUYHOMY MJ1aBaHHi: poNb 3rypToBaHOCTI
KOMaHAWN B CMUHXPOHHOMY BUCTYNi

I>xoBanHa Ckana'*PE, @engepika banii Ecnosito”®“P%, [Tomeniko Tadypi

"Yuisepcuter Kammanii «/Iyimxi Bausiremni»
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ABTOpCHKMIT BRI A — nu3aiiH gocnipkenHs; B — 36ip ganux; C - cratananis; D - migrotoska pykormcy; E — 36ip komtis

Pedepar. Crarts: 9 c., 3 Tabn., 16 mxeper.

OO6rpyHTyBaHH:A. MOTOpHA CHHXPOHI3allisl € K/TIOYOBUM BU3HAYATBHIM (PAKTOPOM YCIIUIHOCTI BUCTYIY B APTUCTUIHOMY
I/IaBaHHi; OJJHAK BOHA aHAJIi3ye€ThCA NMEPEBAKHO 3 TEXHIYHOI TOYKMU 30pY, IPY LIbOMY EMOLIHUM Ta PENALiIHIM IpoLecaM y
KOMaH/i IPUAiNA€ETbCsA 0OMeXeHa yBara. binbpln IilicHe po3yMiHHSA CMHXPOHHOTO BUCTYIIy NOTpe0ye aHamidy B3aeMOAil Mix
€MOLIi/IHMM Ha/IallITyBaHHAM, 3TYPTOBaHICTIO KOMaH/M Ta KOJIEKTYBHOI MOTOPHOIO KOOPAMHALLIEI0.
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Merta gocrimkenHs. e mocmifpKeHHsT MaJo Ha MeTi IPOaHAIi3yBaTy B3aEMO3B 130K MK €MOLITHUM HaJIalITyBaHHIM,
3TYPTOBAHICTIO KOMaH/¥ Ta MOTOPHOIO CMHXPOHi3alli€l0 B apTUCTMYHOMY IUIaBaHHI, aKI[eHTYIOYM yBary Ha BIUIMB HaBYa/lbHOL
iHTepBeHIIil, CHPAMOBAHOI HA POSBUTOK PENALIIHIX Ta EMOLIIHIX HABIYOK.

Marepianu i meTopu. Y fOCIiIKeHH] 3aCTOCOBAaHO KBa3ieKCIepPMMEHTAJIbHUI AU3aliH i3 BUKOPUCTAHHAM 3MillIlaHUX Me-
topiB. Bubipky cxmanu 150 CHOPTCMEHOK 3MarajabHOTO PiBHS 3 apTUCTUYHOTO IJIABAaHHS BiKOM 17-28 poKiB, sIKMX 6Y/I0 pO3IIo-
IiIEHO Ha eKCIIePYMEHTAIbHY Ta KOHTPOJIbHY TPYIN. Y4YaCHUIb JOJATKOBO CTpaTU(iKyBasM 3a TPbOMa BiKOBUMM HiATpyHaMu
(17-19, 20-23 Ta 24-28 pokiB). EkcriepuMeHTabHA TPyIIa MPOJIII/Ia HaBYaIbHY IPOrpaMy, CIPAMOBaHY Ha ITi/[BUIICHHA 3TYPTO-
BAHOCTi KOMaH/ Ta eMOLIITHOI YCBiffoMIeHOCT. 36ip KiMbKICHUX JaHNX IPOBEEHO 3a ZOIOMOIO0 ONUTYBa/IbHIKA IPYIIOBOTO
cepenosuiia (GEQ) Ta cTpykTypoBaHOro BifieoaHasmisy mporpam, TOfi 5K sKicHi gaHi Oymu orpumMani depes ¢oxyc-rpymu. byno
3aCTOCOBAHO t-KpUTepill U1 He3a/leXXHUX BMOIPOK Ta IPOBENEHO aHai3 y miarpynax. [Ijs BMBYeHHs B3a€MOAIl MiX iHTepBeHIIi-
€10 Ta BIKOM BUKOHAHO ABOGaKTOpHMIT Aycriepciitamit aHais (Ipyma x Bikosa rpyma).

Pesynbraru. ExcriepuMeHTaIbHA IPyNa NPOJAEMOHCTPYBajia CTAaTUCTUYHO 3HAYYyIe BUILIL piBHi IpynoBoi sTypTOBaHOCTI 32
BciMa BuMipamu onnryBanbHyka GEQ mopiBHAHO 3 KOHTPOIBHOIO IPYIIO0 (HAIIPUKIIAJ, iHTerpallid Ipyny — 3aBiaHHA: M = 7,8
npotn 6,5; t = 4,21; p < .01; d = 0,78). [Toxi6Hi BigMiHHOCTI 6y BusIB/IeH] 3a BUMipamMu «iHTerpanis rpymm — couianbaa» (M
= 7,6 mporu 6,3; p < .01) Ta «iHfUBiAYyanbHA IpUBAGMMBICTL» (P < .05). EXCIIepuMeHTaIbHA IpyIa TaKOX JJOCAIIA CTATUCTUYHO
3HaYylle BUIIVX IIOKa3HMKIB MOTOPHOI CMHXPOHI3allii 3a BCiMa iHAMKaTOpaMy, BK/IIOYal049l YaCOBY TOYHICTh (87% mporu 74%),
OIHOMAHITHICTD HOJIOKeHH: Tina (85% mpoTn 72%), CMUHXPOHHICTD i3 My3ukolo (88% mportu 76%) Ta CTabiIbHICTD Yacy BUKO-
HaHHsA (86% mpotu 73%) (p < .05). 3a3HaveHi BifMIHHOCTI 3a/IMIIaMICs CTabi/IbHIMIY B yCiX BIKOBYX Mifrpymax. Jucnepciitamit
aHaJIi3 BUABYMB 3HAYYILMIT TO/I0BHMIT edpeKT unHHMKa rpymu (p < .01), Toxi sk ronoHuit edekt Biky Ta edexr B3aemonil (Ipyma
x BikoBa rpyma) 6ynu crarucTidHo HesHadyumu (p > .05). Pe3ynbraru sIKiCHOro aHasIi3y JOAATKOBO MifKPEC/NIIN BaXK/INBICTh
IOBipy, HeBepOaTbHOI KOMYHIKAIII Ta CIIIBHUX eMOLIMHIX CTaHIB /IS MOJIETIeHHs KOOPAVHALLIL.

BucnoBku. MOTOpHY CMHXPOHIi3allil0 B apTUCTUYHOMY IJIaBaHHi C/lifi pO3I/IA/IaTH He JMILE AK TeXHIYHY HaBUUKY, ajle i1 AK
OaraToBMMIipHUIT IIpoLiec, Ha KWl BIUIMBAIOTh eMOLliliHe Ha/AIITYBaHH:A Ta 3rypTOBaHicTh KoMaHAM. HaByanpHi iHTepBeHLil,
CIpAMOBaHi Ha peALiiHy Ta eMOLIMIHY JMHAMIKY, MOXXYTb CYTTEBO MOKPALIUTH KOJIEKTUBHY KOOP/IMHAILIIO Ta AKICTb BUCTYIY B
KOMaHJHUX BUJIAX CIIOPTY HE3a/IeXKHO BiJj BIKOBUX BiIMiHHOCTEI.

KnrodoBi cmoBa: apTicTIYHe IVIaBaHHS, 3TYPTOBAHICTb KOMaH/M, MOTOPHA CMHXPOHi3allis, eMolliliHe Ha/laIITyBaHHS, CIIOP-
TUBHA IICUXOJIOTisl, KOMaH/HA Pe3y/IbTaTUBHICTb.
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Abstract

Background. Adolescence is a developmental stage characterised by increased vulnerability to anxiety and emotional
dysregulation. Physical activity, particularly aerobic exercise such as running, has been identified as a potentially effective and
accessible strategy for promoting mental health; however, evidence from structured and inclusive school-based interventions
remains limited, especially for adolescents with Special Educational Needs (SEN) and Specific Learning Disorders (SLD).
Objectives. This study aimed to evaluate the effectiveness of a structured running programme in reducing state and
trait anxiety among adolescents, and to examine its impact on self-efficacy and emotional well-being, including in
students with SEN/SLD.

Materials and Methods. A mixed-methods experimental design with pre-test (T0) and post-test (T1) measures was
adopted. The sample consisted of 60 adolescents (aged 13-17 years), divided into an experimental group (n = 30)

and a control group (n = 30). The experimental group participated in an 8-week running programme (three sessions
per week, 30-40 minutes per session, moderate intensity), while the control group followed regular school activities.
Quantitative data were collected using the STAI-C for state and trait anxiety, a self-efficacy scale, and measures of
emotional well-being, and were analysed using paired t-tests and repeated-measures ANOVA. Qualitative data were
collected through journals, interviews, and guided reflections, and analysed using thematic analysis.

Results. The experimental group showed significant reductions in state anxiety (T0: M = 42.6, SD = 6.1; T1:

M =35.2,SD = 5.4; t,y = 6.84, p < .001, d = 1.25) and trait anxiety (T0: M = 44.1, SD = 5.8; T1: M = 38.7, SD = 5.2;
tg) = 5.12, p <.001, d = 0.94), while no marked changes were observed in the control group (p >.05). Repeated-
measures ANOVA revealed significant group X time interactions for state anxiety (F, 55 = 21.47, p <.001, n°, = .27)
and trait anxiety (F, 55 = 16.83, p <.001, %, = .22). Self-efficacy increased notably in the experimental group (TO:

M =274,SD =4.3; T1: M =32.1, SD = 4.0; ty) = =5.76, p < .001, d = 1.05), with no significant change in the control
group. Emotional well-being also improved substantially (F, s = 14.62, p < .001, >, = .20). Comparable effects

were observed in adolescents with and without SEN/SLD. Qualitative findings supported these results, highlighting
improvements in emotional regulation, body awareness, self-efficacy, and social connectedness.

Conclusions. Under structured conditions involving moderate intensity, regular frequency, and psychoeducational support
(e.g., mindful running and goal setting), running programmes can significantly reduce anxiety and enhance psychological
well-being in adolescents. The intervention appears particularly effective for individuals with higher baseline anxiety and is
adaptable to inclusive educational contexts, including students with SEN/SLD. These findings support the use of structured
running as a scalable and evidence-based strategy for promoting adolescent mental health in school settings.

Keywords: social science education, inclusion, SEN/SLD, blended approach, innovative teaching.

Introduction by profound cognitive, emotional, and social changes. The
asynchronous development between cognitive control
systems and limbic systems involved in emotional and
motivational responses contributes to increased reactivity
to stress and heightened vulnerability to internalizing
disorders, including anxiety (Steinberg, 2014). During

(@ PETM this period, environmental demands—particularly those
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related to the school setting, family expectations, and peer
relationship dynamics—can represent powerful risk factors
for psychological well-being, especially in the absence of
adequate coping resources (Compas et al., 2017).

Within this framework, the health promotion approach
emphasizes the importance of preventive and universal
interventions capable of addressing risk factors early on
and strengthening individual and contextual resources.
According to the bio-psycho-social model, mental health
cannot be understood as merely the absence of symptoms,
but as a dynamic state of well-being involving emotional,
cognitive, behavioral, and relational dimensions (Engel,
1977). From this perspective, physical activity is not merely a
healthy behavior from a physical standpoint, but a powerful
educational and psychological tool capable of fostering
processes of self-regulation, mind-body integration, and the
development of transferable skills (WHO, 2018).

Recent literature highlights that physical activity-based
interventions are particularly effective when designed in an
intentional and theoretically grounded manner, integrating
motivational, relational, and reflective components (Lubans
et al,, 2016). In the field of sports psychology, various
theoretical models—including Self-Determination Theory
(Deci & Ryan, 2000) and Social Cognitive Theory (Bandura,
1997) —highlight the central role of motor experience in
fostering a sense of competence, autonomy, and self-efficacy,
factors closely associated with reduced anxiety levels and
improved psychological well-being. In particular, the
experience of gradual success, the sense of control over one’s
own body, and the ability to set realistic and personalized
goals are key elements in countering the feelings of
helplessness and worry typical of adolescent anxiety.

Compared to other forms of physical activity, running
has unique characteristics that make it particularly well-
suited for preventive and inclusive interventions. It requires
minimal equipment, can be practiced in various settings
(school, extracurricular, natural environments), allows for
a wide range of intensity levels, and fosters an experiential
dimension that is easily adaptable to individual differences.
Empirical studies indicate that rhythmic and cyclical aerobic
activities, such as running, facilitate emotional regulation
and reduce physiological arousal, contributing to a subjective
perception of calm and control (Ekkekakis et al., 2011).
Furthermore, the repetitiveness of the motor movement and
the focus on bodily experience can promote processes of
mindful attention, with positive effects on the management
of anxious and ruminative thoughts.

From a neuropsychological perspective, numerous
findings support the hypothesis that regular aerobic exercise
induces functional and structural changes in the brain
circuits involved in the regulation of stress and emotions.
In particular, it has been observed that physical activity
can contribute to a reduction in the amygdala’s reactivity
to stressful stimuli and to an enhancement of the control
functions exerted by the prefrontal cortex, with beneficial
effects on emotional regulation (Erickson et al., 2019). These
mechanisms are particularly relevant during adolescence, a
period when these circuits are still maturing and are therefore
more plastic and sensitive to environmental stimuli.

Another point of interest concerns the psychosocial
dimension of running when practiced in structured and
guided settings. Participation in physical activity programs

can foster a sense of belonging, peer support, and the quality
of relationships—elements that play a protective role against
anxiety and emotional distress (Bailey et al., 2013). Even when
practiced primarily as an individual activity, running can take on
relational and symbolic significance, becoming a space for self-
exploration, emotional expression, and identity formation—
aspects central to the adolescent development process.

The focus on the inclusion of adolescents with Special
Educational Needs and Specific Learning Disordersaddresses
a growing need for equity in health promotion initiatives.
The literature highlights how students with SLDs may
experience higher levels of academic and social anxiety, often
related to repeated experiences of failure, stigmatization, or
a perception of inadequacy (Nelson & Harwood, 2011). In
this sense, interventions centered on physical activity and
the body can offer an alternative channel for self-expression
and skill development, reducing the burden of cognitive and
linguistic demands and fostering experiences of success not
mediated by academic performance.

Despite the extensive literature supporting the benefits
of physical activity on mental health, some critical issues
still emerge. First, many studies employ observational
designs or short-term interventions, limiting the ability
to draw robust causal conclusions. Second, the number of
studies adopting a mixed-methods approach—capable of
integrating standardized quantitative data with qualitative
analysis of adolescents” subjective experiences—remains
limited. Finally, few studies explicitly include educationally
heterogeneous samples, systematically considering the
presence of SEN/SLD as a relevant variable.

In light of these gaps, it appears necessary to develop
experimental studies that evaluate the effectiveness of
structured running interventions not only in terms of
reducing anxiety symptoms but also with respect to the
underlying psychological processes and the participants’
lived experiences. The adoption of a qualitative-quantitative
approach allows for capturing the complexity of the
phenomenon, integrating the objective measurement of
changes with an understanding of the meaning attributed to
the motor experience by the adolescents themselves.

This study fits within this theoretical and applied
framework, aiming to contribute to the literature on sports
psychology and health promotion through the experimental
evaluation of a structured, inclusive, and well-being-oriented
running program targeting a sample of adolescents with and
without SEN/SLD. The objective is to provide empirical
evidence to support the implementation of physical activity-
based interventions in school and preventive settings,
promoting running as an educational and emotional
regulation tool.The study aims to:

1. Evaluate the effectiveness of a structured running
program in reducing anxiety levels among
adolescents.

2. Analyze the differences between the experimental
group and the control group.

3. Explore, using qualitative methods, adolescents’
subjective perceptions regarding emotional well-
being, self-efficacy, and anxiety management.

4. Verify the feasibility and effectiveness of the
intervention, including among adolescents with
special educational needs (SEN) or specific learning
disabilities (SLD).
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Materials and methods

Study Design

This study employs a controlled experimental design
with pre-test and post-test measures, integrating quantitative
and qualitative approaches using a mixed-methods
methodology. This methodological choice addresses the
need to capture not only measurable changes in anxiety
levels and related psychological variables, but also to explore
in depth the subjective experiences of adolescents during
the intervention, in line with the latest findings in sports
psychology and health promotion research. The design
includes:

o anexperimental group, whichunderwentastructured

running program;

o a control group, which did not participate in the

intervention and followed normal school activities.

Participants were assigned to groups based on balance
by age, gender, and presence of SEN/SLD, in order to reduce
potential selection biases and ensure comparability between
groups. Both groups were assessed at the same time points
(TO = pre-test; T1 = post-test), allowing for an analysis of
intra-group and inter-group variations. The integration of
quantitative and qualitative data follows a parallel convergent
model, in which the two datasets are collected over the same
time period, analyzed separately, and subsequently integrated
to provide a comprehensive interpretation of the results.

Participants

The sample consists of 60 adolescents (aged 13 to
17; M = 15.1; SD = 1.2), recruited from middle and high
schools located in urban and suburban areas. Participants
were selected in collaboration with the participating schools
through a project presentation aimed at students, families,
and teachers. The sample was divided into two equivalent
groups:

o Experimental group (n = 30)

— 20 students without Special Educational Needs or

Specific Learning Disorders.

— 10 students with certified SEN/SLD (specifically,
specific learning disorders and non-intellectual
special educational needs).

« Control group (n = 30)

— 20 students without SEN/SLD.

— 10 students with certified SEN/SLD.

The intentional inclusion of students with SEN/
SLD in both groups meets a criterion of inclusivity and
representativeness, allowing for the evaluation of the
intervention’s effectiveness even within a population that
is potentially more vulnerable from an emotional and
academic standpoint.

Inclusion criteria

The study included adolescents who met the following
criteria:
o aged between 13 and 17 years at the start of the study;
« regular school attendance at their school;
o written informed consent from parents or legal
guardians and informed consent from the minor;

« medical fitness to engage in non-competitive aerobic
physical activity;

o willingness to participate throughout the entire
intervention period and in the pre- and post-
intervention assessment phases.

Exclusion criteria:

The following adolescents were excluded from the study:

o severe psychiatric disorders in the acute phase (e.g.,
psychotic disorders, severe mood disorders that had
not stabilized);

o ongoing pharmacological treatments that could
significantly influence mood or the response to stress;

 participation in intense competitive sports, defined
as more than 5 hours per week, in order to avoid
a confounding effect related to high levels of prior
training;

« medical conditions incompatible with running.

Educational intervention

After the project was approved by school authorities and
informed consent was obtained, participants completed the
pre-test phase (T0), during which quantitative assessments
were administered and sociodemographic data were
collected. Subsequently, the experimental group participated
in an 8-week structured running program, while the control
group continued with their usual school activities without
receiving any additional interventions. At the end of the
intervention, both groups completed the post-test phase
(T1), using the same quantitative instruments administered
during the pre-test phase. Concurrently, qualitative data
were collected exclusively from the experimental group.
The experimental group participated in a structured running
program lasting a total of 8 weeks, designed with preventive
and psychoeducational goals, in line with the evidence in the
literature indicating that short- to medium-term physical
activity interventions (6-12 weeks) can produce significant
effects on reducing anxiety symptoms in adolescents (Biddle
et al,, 2019; Lubans et al., 2016). The choice of an eight-
week timeframe addresses the need to ensure sufficient
exposure to physical activity while maintaining high
adherence and sustainability of the intervention within
the school setting. The program included three weekly
sessions, in accordance with international recommendations
on physical activity for children and adolescents, which
indicate a minimum frequency of regular aerobic activity
for the maintenance and promotion of mental health
(World Health Organization [WHO], 2020). Each session
lasted between 30 and 40 minutes, consistent with studies
showing that moderate-intensity aerobic exercise sessions
lasting longer than 20 minutes are associated with acute and
chronic improvements in mood and a reduction in state
anxiety levels (Ekkekakis et al., 2011). The intensity of the
activity was maintained at a moderate level, defined as a
subjective perception of exertion ranging from “light” to
“somewhat strenuous,” in order to avoid excessive stress
responses that could counteract the anxiolytic effects of
exercise, particularly in untrained adolescents (Dishman
et al,, 2006). The intensity was tailored to the participants’
individual characteristics, with particular attention given to
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students with special educational needs (SEN) and learning
disabilities (LD), with a focus on personalization and
inclusion. Each running session was structured into three
main phases. The initial warm-up phase (approximately
10 minutes) included joint mobility exercises and body
activation, with the goal of preparing the musculoskeletal
system for exertion and facilitating a gradual transition to
aerobic activity. The central phase consisted of continuous
or interval running exercises, tailored to the group’s level
and individual abilities. The final cool-down phase included
light stretching and controlled breathing exercises, designed
to facilitate a gradual return to a state of physiological calm.
Innovative strategies derived from sports psychology and
emotional regulation practices were integrated into the
intervention’s structure, with the aim of enhancing the
impact of physical activity on psychological well-being. In
particular, mindful running was introduced, encouraging
participants to focus their attention on their breathing,
stride rhythm, and bodily sensations. This approach is
based on evidence linking body awareness and mindfulness
to a reduction in ruminative thoughts and anxiety levels
(Mehling et al., 2011), and is particularly suitable during
adolescence to promote mind-body integration. Another
central element of the intervention was personalized goal
setting, through which each participant was supported in
defining realistic and individualized goals (e.g., maintaining
a run for a specific duration or improving the perception
of comfort during the activity). The use of goal setting is
widely supported by the sports psychology literature, which
highlights its effectiveness in promoting motivation, self-
efficacy, and persistence in physical activity (Locke & Latham,
2002). In particular, the progressive achievement of personal
goals was considered a key factor in counteracting feelings of
insecurity and worry, which are common among adolescents
with high levels of anxiety. At the end of each session, a brief
guided reflection was held, during which participants were
invited to share, either verbally or in writing, the emotional
and physical sensations they had experienced during the
activity. This practice is consistent with reflective approaches
in education and sports, which emphasize that verbalizing
experiences fosters emotional awareness and the processing
of lived experiences, thereby reinforcing the effect of mental
health promotion interventions (Schon, 1983; Bailey et al.,
2013). The control group did not participate in any structured
intervention during the study period and continued with
normal school activities. This methodological choice
allows any observed changes in the experimental group
to be attributed to the effect of the running intervention,
reducing the influence of external or developmental factors.
Overall, the procedure was designed to ensure theoretical
consistency, replicability, and sustainability, with particular
attention to inclusivity and the psychological well-being
of participants. The integration of physical activity, body
awareness, and guided reflection addresses the need to move
beyond an exclusively performance-oriented approach to
sport, highlighting running as an educational tool and a
means of emotional regulation during adolescence.

Data Analysis

The data analysis was conducted using an integrated
approach, in line with the study’s mixed-methods design,

involving statistical analysis of the quantitative data and
a systematic qualitative analysis of the narrative materials
collected from the experimental group.

Quantitative data were analyzed using specialized
statistical software. In the first phase, descriptive statistics
(mean, standard deviation, range) were calculated for all
variables under study in order to describe the characteristics
of the sample and verify the distribution of scores across
the different experimental conditions. To assess changes
in anxiety levels and related psychological variables within
each group, paired t-tests were used, comparing scores
obtained at the pre-test (T0) and post-test (T1). This analysis
allowed for the identification of any significant changes
over time within the experimental group and the control
group. Subsequently, to analyze the effect of the intervention
and compare the trends of the variables between the two
groups, a repeated-measures analysis of variance (ANOVA)
was conducted with two factors: a within-subjects factor
represented by time (pre-test vs. post-test) and a between-
subjects factor represented by group (experimental vs.
control). The group x time interaction was considered
the primary indicator of the intervention’s effectiveness,
allowing us to verify whether the changes observed in
the experimental group differed significantly from those
observed in the control group. Where appropriate, effect
size indices (e.g., Cohen’s d and partial r-squared) were also
calculated to estimate the practical relevance of the results,
in line with recommendations from the methodological
literature. Additional exploratory analyses were conducted
to examine potential differences related to the presence of
SEN/SLD, treating these conditions as descriptive variables
and assessing the trend of scores across subgroups, with the
aim of exploring the consistency of the intervention’s effect
from an inclusive perspective.

The qualitative data, collected through reflective
journals, semi-structured interviews, and guided reflection
sessions, were analyzed using thematic analysis, following
a systematic and inductive procedure. In the initial phase,
the textual materials were read repeatedly to foster a
thorough familiarity with the content. Subsequently,
relevant units of meaning were identified and open-coded.
The initial codes were progressively grouped into thematic
categories based on conceptual similarities and semantic
recurrences. The analysis led to the identification of main
themes related to emotional experiences associated with
running, the perception of the body and physical sensations,
subjective strategies for managing anxiety, and changes
in self-perception and social relationships. To increase
the reliability of the analysis, the categorization process
underwent iterative review, comparing emerging categories
with the theoretical framework, thereby avoiding forced or
predefined interpretations. Qualitative analysis was used not
only for descriptive purposes but also for interpretive ones,
in order to enrich and contextualize the quantitative results.

The quantitative and qualitative results were integrated
during the interpretive phase using a data triangulation
approach. This integration made it possible to compare the
changes measured using standardized instruments with the
subjective experiences reported by the participants, thereby
strengthening the overall validity of the study and providing
a comprehensive understanding of the effectiveness of the
running program in managing anxiety among adolescents.
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Results

Quantitative results

Analysis of the quantitative data revealed significant
differences between the experimental group and the control
group with regard to the psychological variables examined
(Table 1).

Table 1. Socio-demographic characteristics of the sample

Experimental Control
. Tot
Variable Group Group (N = 60)
(n=30) (n=30) -
Average Age (DS) 15.2 (1.1) 15.0 (1.3) 15.1(1.2)
Male 14 (46.7%) 15 (50.0%) 29 (48.3%)
Female 16 (53.3%) 15 (50.0%) 31 (51.7%)
Students without SEND 20 (66.7%) 20 (66.7%) 40 (66.7%)
Students with SEND 10 (33.3%) 10 (33.3%) 20 (33.3%)
Secondary School 13 (43.3%) 12 (40.0%) 25 (41.7%)
High School 17 (56.7%) 18 (60.0%) 35 (58.3%)

With regard to state anxiety, the experimental group
showed a statistically significant reduction in scores between
the pre-test and post-test. Specifically, the mean pre-test
score was M = 42.6 (SD = 6.1), while the post-test score
decreased to M = 35.2 (SD = 5.4). The paired t-test revealed a
significant difference, t,g) = 6.84, p < .001, with a large effect
size (Cohen’s d = 1.25)(Table 2).

Table 2. Average (DS) pre-test post-test STAI-C

Group Pre-test M (DS) Post-test M (DS) AM
Experimental 42.6 (6.1) 35.2 (5.4) -7.4
Control 419 (6.3) 412 (6.5) 0.7

Nota. A M = average difference post-test and pre-test.

A similar trend was observed for trait anxiety. In
the experimental group, the mean score decreased from
M = 44.1 (SD = 5.8) at the pre-test to M = 38.7 (SD = 5.2)
at the post-test. Again, the reduction was statistically
significant, tu = 5.12, p < .001, with a medium-to-large
effect size (Cohen’s d = 0.94)(Table 3).

Table 3. Average (DS) pre-test and post-test STAI-C

Pre-test M (DS) AM

Group Post-test M (DS)
Experimental 44.1 (5.8) 38.7 (5.2) -5.4
Control 43.7 (5.9) 43.1 (6.0) -0.6

In the control group, by contrast, no statistically
significant changes were observed for either state anxiety or
traitanxiety. Mean scores remained essentially stable between
the pre-test and post-test (state anxiety: M = 41.9, SD = 6.3
vs. M = 41.2, SD = 6.5; trait anxiety: M = 43.7, SD = 5.9 vs.
M =43.1, SD = 6.0), with non-significant p-values.

Repeated-measures analysis of variance confirmed these
results, revealing a significant group x time interaction for
both state anxiety, F(, 5 = 21.47, p < .001, n?, = .27, and for
trait anxiety, F(, 5 = 16.83, p <.001, n?, = .22, indicating that
the reduction in anxiety levels over time is attributable to the
running intervention (Table 4).

Table 4. ANOVA results repeated measurements (group x
time)

Variabile Fo,s9) P n’
State Anxiety 21.47 <.001 27
Trait Anxiety 16.83 <.001 22
Perceived self-efficacy 18.06 <.001 24
Emotional Well-being (SDQ) 14.62 <.001 .20

Nota. n’, = partial sum of squares.

With regard to perceived self-efficacy, the experimental
group showed a significant increase in scores from the pre-
test (M =27.4; SD = 4.3) to the post-test (M = 32.1; SD = 4.0),
tny = —5.76, p <.001, Cohen’s d = 1.05. In the control group,
the increase in scores did not reach statistical significance
(M =27.9;SD =4.1 vs M = 28.4; SD = 4.2)(Table 5).

Table 5. Average (DS) pre-test and post-test perceived
self-efficacy

Group Pre-test M (DS) Post-test M (DS) AM
Experimental 27.4 (4.3) 32.1 (4.0) +4.7
Control 27.9 (4.1) 28.4 (4.2) +0.5

Measures of general emotional well-being also showed
a significant improvement in the experimental group, with
a reduction in emotional distress scores and an increase
in adaptive resources. The group x time interaction was
significant, F 5 = 14.62, p < .001, n*, = .20, suggesting
an overall positive effect of the intervention on emotional
functioning.

An exploratory subgroup analysis also showed that
adolescents with SEN/SLD in the experimental group
benefited from the intervention to a comparable extent to
their peers without SEN/SLD. In both subgroups, reductions
inanxietylevels and increases in self-efficacy were significant,
with no statistically significant differences in effect size. This
finding suggests that the structured running programme
proved to be effective and inclusive, regardless of the
presence of special educational needs or specific learning
difficulties (Table 6).

Table 6. SEND vs non SEND

BES/DSA  Non BES/DSA

Variable AM AM
State Anxiety -7.1 -7.6 p > 0.05
Trait Anxiety -5.2 -5.5 p>0.05
Percived Self-Efficacy +4.5 +4.8 p>0.05

No statistically significant differences were observed
between adolescents with and without SEN/SLD across all
variables. The magnitude of change was comparable between
groups, with p-values consistently exceeding the significance
threshold (p > 0.05), indicating a similar response to the
intervention regardless of educational needs.

Overall, the quantitative results indicate that
participation in the running programme led to significant
and clinically relevant improvements in anxiety levels,
perceived self-efficacy and general emotional well-being
among adolescents, whereas no such changes were observed
in the control group.

623



ISSN 1993-7989. elSSN 1993-7997. ISSN-L 1993-7989. Physical Education Theory and Methodology. Vol. 26, Num. 3

Qualitative results

The qualitative analysis of the data collected from the
experimental group enabled an in-depth exploration of the
subjective experiences of the adolescents involved in the
running programme, providing a detailed understanding of
the psychological processes underlying the changes observed
in the quantitative data. The thematic analysis revealed four
main broad themes, which cut across gender, age and the
presence of SEN/SLD, albeit with some individual variations.
The first thematic area concerns the perception of emotions
and emotional regulation. Numerous participants described
a gradual reduction in feelings of tension, agitation and
worry over the course of the intervention weeks. Running
was frequently associated with experiences of ‘mental relief’
and temporary detachment from sources of daily stress,
particularly those linked to school and social relationships.
Some adolescents reported that, compared to the initial
phase, by the end of the programme it was easier to recognise
and manage states of anxiety without feeling overwhelmed
by negative emotions. This finding appears consistent with
the reduction in state and trait anxiety scores observed in the
quantitative analyses. A second thematic area concerns the
perception of the body and physical sensations. In the early
stages, several participants reported focusing predominantly
on fatigue, a racing heartbeat and laboured breathing. As
the intervention progressed, these sensations were gradually
reinterpreted as signs of the body functioning rather than
as indicators of distress or loss of control. In particular, the
practice of mindful running fostered greater familiarity
with bodily sensations and a reduction in catastrophic
interpretations associated with physiological signals, an
aspect particularly relevant for adolescents with high somatic
anxiety. The third thematic area emerging from the qualitative
analysis concerns the sense of self-efficacy and personal
competence. Many participants emphasised the importance
of achieving small personal goals, such as being able to run
for longer or feeling less tired than in the first sessions. These
experiences were frequently described as a source of personal
satisfaction and increased confidence in their own abilities.
This aspect was particularly evident among adolescents
with SEN/SLD, who reported that running provided a space
where they could feel competent and valued, regardless of
the difficulties they experienced at school. The accounts
gathered suggest that the programme helped to change their
self-perception, fostering a more positive and functional
self-image. A fourth thematic area concerns the relational
and social dimension of the experience. Although running
was structured as a predominantly individual activity, many
participants highlighted the value of the group setting as
a source of emotional and motivational support. Sharing
the experience, the absence of competitive judgement and
the atmosphere perceived as welcoming fostered a sense
of belonging and helped normalise emotional difficulties.
Some adolescents reported an improvement in the quality
of their peer relationships, both within the intervention
group and in the wider school context, attributing these
changes to greater self-confidence and a reduction in social
anxiety. Overall, the qualitative findings suggest that the
running programme did not act solely on a symptomatic
level, but triggered deeper processes of change, involving
emotional awareness, body image, perceived competence

and social relationships. The integration of physical activity,
guided reflection and personalised goals appears to have
fostered a meaningful and transformative experience,
capable of supporting adolescents’ psychological well-being
in an inclusive manner. The qualitative analysis reinforces
and enriches the quantitative findings, suggesting that the
reduction in anxiety levels observed in the experimental
group is mediated not only by physiological factors, but also
by cognitive and emotional changes linked to the way in
which adolescents interpret their own feelings, cope with
difficulties and attribute meaning to the running experience.

Discussion

The aim of this study was to evaluate the effectiveness of
a structured running programme in reducing anxiety levels
in a sample of adolescents, using a mixed-methods approach
and intentionally including students with Special Educational
Needs and Specific Learning Disorders. The results provide
converging evidence supporting the hypothesis that
running, when offered as part of a deliberate, guided and
non-competitive intervention, can be an effective tool for
promoting mental health in childhood and adolescence.

From a quantitative perspective, the significant reduction
in state and trait anxiety levels observed in the experimental
group appears consistent with findings in the international
literature on the anxiolytic effect of aerobic physical activity.
Meta-analyses and systematic reviews have indeed shown that
structured physical exercise programmes are associated with
a reduction in anxiety symptoms in children and adolescents,
with moderate to high effect sizes, particularly in interventions
involving regular frequency and moderate intensity (Biddle et
al,, 2019; Rodriguez-Ayllon et al., 2019). The results of the
present study are consistent with this evidence, reinforcing the
hypothesis that physical activity may act as a protective factor
against emotional distress in adolescence.

The absence of significant changes in the control group
further supports the causal interpretation of the results,
suggesting that the changes observed in the experimental
group are attributable to the running intervention rather
than to maturational or contextual factors. This aspect is
particularly relevant in studies conducted in school settings,
where numerous environmental variables can influence
adolescents’ psychological well-being in the short term.

A further significant finding concerns the significant
increase in perceived self-efficacy in the experimental group.
According to Social Cognitive Theory, self-efficacy represents
a key variable in the regulation of behaviour and emotions,
influencing the way in which individuals cope with stressful
situations and interpret their own coping abilities (Bandura,
1997). The increase in self-efficacy observed in the present
study suggests that the running programme fostered
experiences of mastery and control, helping to reduce the
perception of vulnerability typical of adolescent anxiety.
These findings are consistent with previous studies that
have highlighted a positive relationship between physical
activity, perceived competence and psychological well-being
in childhood and adolescence (Lubans et al., 2016).

Qualitative analysis allows us to explore the mechanisms
underlying these quantitative changes, offering a more
nuanced understanding of the participants’ lived experience.
The adolescents’ accounts highlight how running has been
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progressively reinterpreted not only as a physical activity,
but as a space for emotional regulation, self-exploration and
stress management. In particular, the reduction in feelings of
agitation and the increased ability to recognise and tolerate
anxious sensations suggest a change in the cognitive processes
of emotional interpretation, in line with models of emotional
regulation that emphasise the importance of awareness and
acceptance of internal experiences (Gross, 2015).

The bodily dimension emerges as a central element in the
experience of change. In an initial phase, many participants
describe a problematic relationship with the physiological
sensations associated with exertion, often interpreted as
signals of loss of control or danger. As the intervention
progresses, these sensations are gradually normalised and
integrated, leading to a reduction in somatic anxiety. This
finding appears particularly significant in light of evidence
linking adolescent anxiety to hypersensitivity to bodily
signals and catastrophic interpretations of physiological
sensations (Domschke et al., 2010). The practice of mindful
running appears to have played a facilitating role in this
process, supporting greater mind-body integration.

A significant contribution of the present study concerns
the inclusion of adolescents with SEN/SLD and the
observation of benefits comparable to those of peers without
special educational needs. The literature highlights that
students with SLD present an increased risk of internalising
emotional difficulties, often linked to school experiences
characterised by frustration, performance anxiety and
reduced self-esteem (Nelson & Harwood, 2011; Mugnaini
et al,, 2009). In this context, running emerges as an activity
with low cognitive barriers, in which performance is not
mediated by linguistic or academic skills, offering alternative
opportunities for success and reinforcing a more positive
self-image. The results of this study suggest that interventions
of this kind may help to reduce emotional inequalities and
promote well-being from a truly inclusive perspective.

The relational dimension, which emerged strongly from
the qualitative analysis, represents a further aspect of interest.
Although running is often considered an individual activity,
the group context and non-competitive atmosphere appear
to have fostered a sense of belonging and mutual support.
This finding is consistent with the literature highlighting the
role of peer relationships as a protective factor for mental
health in adolescence (Bailey et al., 2013). The opportunity
to share the experience without judgement and without
performance comparison appears particularly relevant for
adolescents with high levels of social anxiety.

Overall, the results suggest that the effectiveness of the
intervention cannot be attributed solely to the physiological
mechanisms of aerobic exercise, such as the modulation of
the hypothalamic-pituitary-adrenal axis or the release of
endorphins and endocannabinoids (Dishman et al., 2006;
Matta Mello Portugal et al., 2013), but must be interpreted in
the light of an integrated model that includes psychological,
cognitive and social dimensions.

In order to further clarify the scope and applicability
of the findings, it is important to define the boundaries of
effectiveness of the intervention. The results of the present
study suggest that the anxiolytic effects of the running
programme are not uniform across all conditions, but
are influenced by specific parameters related to intensity,
duration, and baseline psychological characteristics.

First, the effectiveness of the intervention appears to be
strongest under conditions of moderate exercise intensity.
The programme was intentionally designed to maintain a
moderate level of perceived exertion, avoiding excessive
physiological activation that could potentially increase
anxiety, particularly in untrained or vulnerable adolescents.
This finding is consistent with the literature indicating that
moderate-intensity aerobic activity is optimal for emotional
regulation, whereas very high intensity may produce
counterproductive stress responses.

Second, the duration and regularity of the intervention
represent critical factors. The observed improvements
emerged within an 8-week programme with a frequency of
three sessions per week, suggesting that a minimum threshold
of exposure is necessary to activate both physiological
and psychological mechanisms of change. Shorter or less
frequent interventions may not produce comparable effects,
while longer programmes may be required to ensure the
stability and consolidation of outcomes over time.

Third, baseline levels of anxiety appear to play a
moderating role in the effectiveness of the intervention.
Although improvements were observed across the entire
experimental group, qualitative and quantitative trends
suggest that adolescents with higher initial levels of anxiety
experienced more pronounced benefits, particularly in terms
of emotional regulation and perceived self-efficacy. This
indicates that the intervention may be especially effective
as a targeted preventive or early intervention strategy for
individuals at greater psychological risk.

Finally, the effectiveness of the programme appears to
depend on its structured and guided nature, including the
integration of mindful running, personalised goal setting,
and reflective practices. These elements likely enhance the
psychological impact of physical activity, suggesting that
running in itself may not be sufficient unless embedded
within a coherent psychoeducational framework.

In addition to defining the conditions of effectiveness,
it is important to consider the functional dynamics through
which the observed changes developed over time. The
results of the present study suggest that the response to
the intervention followed a progressive and multi-phase
trajectory, rather than an immediate or uniform effect.

In an initial phase, participants appeared to experience a
period of physiological and psychological adjustment, often
characterised by heightened awareness of bodily sensations
(e.g., fatigue, increased heart rate) and, in some cases, mild
discomfort or resistance. Qualitative data indicate that,
during this stage, some adolescents tended to interpret these
sensations as signs of difficulty or inefliciency, particularly
those with higher baseline anxiety levels.

This was followed by an adaptive phase, during which
participants progressively reinterpreted bodily signals as
functional and non-threatening. The repeated exposure
to running, combined with mindful attention and guided
reflection, appeared to facilitate a shift in cognitive appraisal,
leading to improved emotional regulation and a reduction
in catastrophic interpretations of physiological activation.
This adaptive process is consistent with theoretical models
of interoceptive exposure and emotion regulation.

In the later phase of the intervention, participants
demonstrated consolidation of both psychological and
behavioural changes. This phase was characterised by
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increased self-efficacy, greater autonomy in managing effort,
and a more stable perception of emotional control. The ability
to setand achieve personalised goals further reinforced these
changes, contributing to a positive feedback loop between
perceived competence and emotional well-being.

Importantly, the data also suggest the presence of
individual variability in response to the intervention. While
most participants showed progressive improvements,
the rate and magnitude of change differed depending on
factors such as initial anxiety levels, prior experience with
physical activity, and personal coping styles. In particular,
adolescents with higher baseline anxiety appeared to exhibit
slower initial adaptation but greater overall gains over time.

These findings highlight that the effectiveness of running
as a psychoeducational intervention is not static, but unfolds
through dynamic and adaptive processes that vary across
individuals and over time. Understanding these functional
dynamics is essential for optimising intervention design
and tailoring programmes to the specific needs of different
adolescent populations.

From a practical perspective, the findings of this study
provide clear indications for the implementation of running-
based psychoeducational interventions in school and youth
settings. To ensure effectiveness, the intervention should be
applied as a structured and guided programme rather than
as a generic physical activity. Specifically, it should include a
predefined duration (at least 8 weeks), a regular frequency
(approximately three sessions per week), and sessions lasting
between 30 and 40 minutes, in line with the parameters adopted
in the present study. The intensity of the activity should be
maintained ata moderate level, allowing participants to remain
engaged without triggering excessive physiological stress.

In addition, the integration of key psychoeducational
components is essential. These include mindful attention
to bodily sensations during running, personalised goal
setting tailored to individual abilities, and guided reflection
at the end of each session. These elements appear to play a
crucial role in enhancing emotional regulation, self-efficacy,
and adherence to the programme, and should therefore be
considered core components rather than optional additions.

The intervention can be effectively adapted to
heterogeneous groups, including adolescents with Special
Educational Needs and Specific Learning Disorders. In these
cases, particular attention should be given to flexibility and
personalisation. For example, running intensity and duration
maybeadjustedbased onindividual capacities,andalternative
forms of participation (e.g., walking-running intervals) can
be introduced. The use of clear, simple instructions, visual
supports, and consistent routines can facilitate engagement
for students with learning difficulties. Moreover, the non-
competitive and inclusive nature of the programme should
be preserved to ensure that all participants experience a
sense of competence and psychological safety.

Key parameters for successful implementation
include the presence of trained facilitators (e.g., physical
education teachers or educators with basic training in
sports psychology), a supportive and non-judgmental
environment, and the integration of the programme within
the school schedule to ensure continuity and accessibility.
Monitoring tools, such as brief self-report measures or
reflective journals, may also be useful to track progress and
adapt the intervention over time.

Overall, these findings suggest that running-based
interventions can be feasibly implemented in educational
contexts as low-cost, scalable, and inclusive strategies for
promoting adolescent mental health, provided that they
are designed and delivered according to structured, theory-
informed principles.

The combination of physical activity, body awareness,
personalised goal-setting and guided reflection appears to
have triggered a multi-level process of change, in line with
the principles of health promotion.

From a practical perspective, the findings of this
study offer valuable insights for the design of preventive
interventions in schools. The inclusion of structured running
programmes within the curriculum or as extracurricular
activities could represent a sustainable and cost-effective
strategy for supporting adolescents’ mental health. However,
the data suggest that the effectiveness of such interventions
depends largely on the quality of the design and the presence
of competent guidance, capable of integrating physical
activity with educational and reflective dimensions.

Despite the encouraging results, the study has certain
limitations that must be considered. Firstly, the sample size,
whilst adequate for a pilot experimental study, limits the
generalisability of the results. Secondly, the duration of the
intervention does not allow for an assessment of the stability
of the effects in the long term. Future studies could include
longitudinal follow-ups to verify the persistence of benefits
and the role of adherence over time. Furthermore, the use
of self-report measures, although widely validated, could be
supplemented with physiological or observational indicators
for a more comprehensive assessment of changes.

Looking ahead, it would be desirable to explore the
comparative effectiveness of different types of physical
activity, as well as the specific role of the innovative
components introduced in this intervention, such as
mindful running and goal setting. Further research could
also investigate individual differences in response to the
intervention, considering variables such as baseline anxiety
levels, gender and socio-cultural context.

In conclusion, this study contributes to the literature
on sports psychology and health promotion by providing
evidence supporting the effectiveness of running as a psycho-
educational intervention for reducing anxiety in adolescence.
The integration of quantitative and qualitative approaches
has enabled us to capture the complexity of change processes,
highlighting how physical activity, if properly structured, can
represent not only a means of prevention but also a space for
personal growth, inclusion and psychological well-being.

Conclusions

This study analysed the effectiveness of a structured
running programme as an intervention to promote
mental health in adolescence, adopting a mixed-methods
experimental approach and intentionally including
students with Special Educational Needs and Specific
Learning Disorders. Overall, the results provide consistent
and converging evidence supporting the hypothesis that
running, when designed and conducted in a purposeful,
guided and non-competitive manner, can be an effective
tool for reducing anxiety levels and improving psychological
well-being in childhood and adolescence.
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The quantitative data revealed a significant reduction in
state and trait anxiety, an increase in perceived self-efficacy
and an improvement in general emotional well-being in
the experimental group, compared with the absence of
significant changes in the control group. These results suggest
that the intervention produced changes not attributable to
maturational or contextual factors, but specifically linked
to participation in the running programme. The presence
of comparable benefits in adolescents with and without
SEN/SLD further reinforces the inclusive value of the
intervention, indicating that running can provide a space for
positive and accessible experiences even for students with
greater emotional and academic vulnerabilities.

The qualitative analysis allowed for an in-depth
exploration of the processes underlying these changes,
highlighting how the experience of running was perceived
by the adolescents not only as physical activity, but as an
opportunity for emotional regulation, for re-evaluating
their relationship with their bodies, and for strengthening
their sense of personal competence. The narratives collected
suggest that the integration of mindful running, personalised
goal setting and guided reflection sessions fostered greater
emotional awareness and a transformation in the way
adolescents interpret and manage feelings of anxiety. In this
sense, the intervention appears to have operated on multiple
levels, combining physiological, psychological and relational
effects.

Fromapractical perspective, thestudysfindingshighlight
the potential of runningas a tool for promoting mental health
in school and educational settings. The relative simplicity of
the activity, the possibility of adapting it to different ability
levels, and its cost- and resource-effectiveness make running
particularly suitable for preventive programmes targeting
large groups of adolescents. However, the data suggest that
the effectiveness of the intervention does not depend solely
on the physical activity itself, but on the quality of the design
and the ability to integrate educational, motivational and
reflective dimensions into the programme.

Overall, this study contributes to expanding the
literature on sports psychology and health promotion,
highlighting how physical activity can take on an educational
and transformative role when delivered in a mindful and
inclusive manner. Running emerges not only as a means of
reducing anxiety symptoms, but as an experience capable
of supporting the development of fundamental personal
resources in adolescence, such as self-efficacy, self-awareness
and the ability to cope with emotional difficulties.

In light of these considerations, it is hoped that future
interventions and research will continue to explore and
refine the use of running and other physical activities from
a preventive perspective, integrating them permanently into
school and community settings, with the aim of promoting
a conception of mental health that values movement, the
body and experience as central resources for adolescents’
well-being.
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Bir AK NCMX0OCBITHA iHTepBeHLiA ANA SHMKEHHA
PiBHA TPUBOXKHOCTI B NigNiTKIiB

dabiona [Tanpmiepo'*PP, Pepepika banii Ecnosito”®“P, Mapis [I>xoBanna Tagypi*c

"VuiBepcnrer Kamnanii «JIyimki Bausireni»

*Heanonbcbkuii yHiBepcutet «[TapreHomne»

*Yuisepcurer «Ileraco»

ABTOpCBHKNMIT BKIAM: A — FU3aiiH ZOCTIIKeHHsT; B — 36ip ganux; C - crarananis; D - migroroska pykomucy; E - 36ip xomuTis

Pedepar. Crarrs: 11 c., 6 Tab1., 22 mKepena.

O6rpynTyBanHn. [TiIiTkOBUII BiK € eTalIOM PO3BUTKY, 1[0 XapaKTePU3y€EThCH Mi/[BUIICHOI0 BPa3/IUBICTIO IO TPUBOXKHOCTI
Ta eMoLiitHOI gucperyAnii. PisndHa aKTUBHICTD, 30KpeMa aepo6Hi BIIpaBU, AK-OT 6iT, BU3HAYAETHCA AK NOTEHI[IITHO e(beKTMBHa
Ta IOCTYIIHA CTpaTeriA 3Mil[HEHH: ICUXIYHOTO 30POB’s; YTiM, KIIbKICTh HAYKOBYX JJAHUX IIOJO CTPYKTYPOBAHUX Ta IHK/TIO3UB-
HIX iHTepBeHIil Ha 6a3i WIKi/T 3aIMIIAETHCA 0OMEXEHOI0, 0COOMMBO CTOCOBHO IiIITKIB 3 0COOMMBIUMM OCBITHIMU HOTpe6aMI/I
(OOII) ra cieundivanmu posnagamu Hasyauus (CPH).

Merta gocrimxenHs. Lle focmifpkeHHs: Mao Ha MeTi OLIHUTY epeKTUBHICTb CTPYKTYPOBAHOI IpOrpami 3 Oiry y sHIDKeHHI
CUTYaTUBHOI Ta 0COOMCTICHOI TPUBOXKHOCTI Cepef MiIITKIB, @ TAKOX BUBYNUTH ii BIVIUB Ha caMOe(eKTUBHICTb Ta eMoliliHe O/1a-
romony4vus, 3okpema B yunis 3 OOIT/CPH.

Marepiamu i MmeToam. Y po6OTi 3aCTOCOBAaHO €KCIIEPMMEHTA/IbHMII IM3aliH i3 BUKOPUCTAHHAM 3MilllaHMX METOHIB Ta BI-
MiproBaHHAM NokasHMKiB Ha npetect (T0) Ta mocrecToBoMy ertamax mocnimxenna (T1). Bubipky ckmamu 60 mipmiTkiB (Bikom
13-17 poxkiB), sikux 6y/10 PO3IO/iIEHO Ha eKCIiepuMeHTanbHy (n = 30) Ta KoHTpoabHY (n = 30) rpynu. ExcriepuMeHTabHA Ipyma
6para y4acTb y 8-TVDKHeBIT mporpaMi 3 6iry (Tpu 3aHATTA Ha TIDKJEHb, 10 30-40 XBUINH KOXHe, IIOMipHa iHTEHCUBHICTD), TOAI
AK KOHTPOJIbHA IPYIIa 3aiiMaacs CTAHAAPTHOIO LIKITbHOI0 aKTUBHICTIO. 30MpaHH: KiIbKICHUX JaHMX ITPOBEEHO 3a OIIOMOT'0I0
orurysanbauKa STAI-C (mkana Tpusoru Crinbeprepa-XaHiHa) /I OL[iHKM CUTYaTUBHOI Ta 0COOMCTICHOI TPMBOXKHOCTI, IIIKAJIN
caMoe]eKTUBHOCTI Ta METOAVK BUMIPIOBAHHS €MOLIIITHOTO 671arononyqqﬂ. Amnarnis 3iJicHIOBa/IN 3a IOIIOMOTOI0 t-KpuTepiis i
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HapHUX BUOIPOK Ta [UCIEPCiIHOTO aHasi3y 3 IOBTOPHMMM BUMiploBaHHAMM. SIKicHi AaHi 36upay 3a JOIOMOrOIO H[OfieHHUKIB,
iHTepB’I0 Ta KepoBaHOI pedrieKcii, a aHaMi3yBamIM METOJOM TEMAaTUIHOTO aHAIi3y.

Pesynbratu. B excriepuMenTanbHiit rpyni 3aikcoBaHO CTATUCTMYHO 3HAYYIe 3HIDKEHHA CUTYaTUBHOI TpuBokHOCTi (TO:
M=42,6,SD=6,1;T1: M = 35,2, SD =5,4; t(29) = 6,84, p < .001, d = 1,25) ta ocobucricuoi TpuBokuocti (T0: M = 44,1, SD = 5,8;
T1: M = 38,7, SD = 5,2; tu = 5,12, p < .001, d = 0,94), Tozi sIK y KOHTPOIBHIII IPyIIi CYyTTEBUX 3MiH He BusiBIeHo (p > .05). duc-
HepciiiHmMil aHali3 3 TTOBTOPHMMH BMMIPIOBAHHAMM [IOKa3aB 3HAYYIly B3a€MOfi0 (aKTOpiB «Ipyma X Yac» M CUTYaTMBHOI
TpuBoXXHOCTI (F( 5 = 21.47, p < .001, %, = .27) T2 ocobucricHoi TpuBoxHoCTi (F(i 55 = 16,83, p < .001, n’, = .22). IlokasHuxu
caMoe(eKTMBHOCTI CyTTEBO 3pOC/N B eKcrepyuMeHTanbHil rpymi (T0: M = 27,4, SD = 4,3; T1: M = 32,1, SD = 4,0; t() = —5,76,
p <.001, d = 1,05) 3a BifcyTHOCTi 3HAUYIVX 3MiH Y KOHTPONbHIl rpymi. EMoriiiiHe 6/1aromnomyyysa Tako) CTaTUCTUYHO 3HAYYIIe
nokpaumnocs (F s = 14,62, p < .001, n?, = .20). Iopi6Hi edextn crocrepiramcs sik y mimmirkis 3 OOII/CPH, Tax i 6e3 Hux.
SKicHi pesynpTaTy HigTBEpANIN 1l JaHi, BKa3yI04M Ha IIOKpAIleHHs eMOLIIHOI peryiALii, yCBiJlOM/IEHHSA BIaCHOTIO Tifa, MiBuU-
I[eHHs caMOeeKTUBHOCTI Ta SMIIJHEHHsI COLia/IbHIX 3B SI3KIB.

BucHOBKM. 3a yMOB CTPYKTYPOBaHOTO IiJIXOAY, IO Iepefdadae HOMiPHY IHTEHCUBHICTD, Pery/IApHICTb 3aHATD Ta ICUX00C-
BiTHIil cymposiy (Hanmpukaj, ycBigomueHnit 6ir Ta OCTaHOBKY Iiijeit), mporpamu 3 6iry 3faTHi CyTTEBO 3HUSUTH PiBEHDb TPM-
BOXXHOCTI Ta MOKPAIINTH ICUXOJIOTiYHe 6/Iaronoryyys mimmiTKiB. Ll iHTepBeHIlisa € 0co6mmBo eeKTUBHOIO I 0cib i3 BuIuM
0a30BUM piBHEM TPMBO>KHOCTI Ta JIETKO afjalITYEThCs JO iHK/TIO3MBHOTO OCBITHBOTO CepefoBMIla, 30KpeMa it yuHis 3 OOI/
CPH. Orpumasi pe3ynbraTyi CBif4aTh Ha KOPYCTb BUKOPUCTAHHA CTPYKTYPOBAHOrO Oiry sK JOCTYIHOI Ta HAyKOBO OOIPYHTOBA-
HOI cTparerii 3MillHEeHHS [ICUXIYHOTO 3[J0POB’S MiTITKIB B YMOBax 3aK/ajly OCBiTH.

Knrouosi cnoBa: cycninbcTBo3HaByua 0CBiTa, iHKM03iA, OOII/CPH, smimanuit MeTos, iHHOBalliliHe HABYaHHS.
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Abstract

Background. Perceived loneliness and social isolation are significant challenges for international students adapting
to different cultural and academic environments. Physical activity has been suggested as a key factor that may be
associated with mental health, social interactions, and emotional well-being.

Objectives. The study aimed to examine the association between physical activity and loneliness among international

students residing in Java, Indonesia.

Materials and Methods. A cross-sectional survey was conducted with 164 international students from universities in
Java, selected using random sampling. Physical activity levels were assessed using the International Physical Activity
Questionnaire (IPAQ), and loneliness was measured via the Revised UCLA Loneliness Scale. Descriptive statistics
and multiple linear regression analyses were performed using SPSS v.2025.

Results. The majority of participants were highly educated, and 56.1% reported high physical activity. Loneliness

was prevalent, with 68.9% of students experiencing moderate to high levels. Multiple regression analysis indicated a
significant negative association between physical activity and loneliness (f = -0.42, p = 0.001), explaining 23% of the

variance.

Conclusions. These findings suggest that higher levels of physical activity are associated with lower loneliness
among international students, highlighting the potential role of physical activity in supporting social inclusion and
well-being. Universities may consider promoting structured physical activity opportunities to facilitate student

engagement and adjustment.
Keywords: international students, physical activity, loneliness.

Introduction

Educational globalisation studies primarily focus on
the growing trend of international student mobility, with
millions of students seeking higher education outside their
home countries each year. According to Project Atlas, about
5.3 million students study abroad worldwide. In the United
States alone, there are more than one million international
students. International students are increasingly choosing
Southeast Asian countries such as Indonesia as their study
destinations due to improvements in their educational
infrastructure (Suryadi et al., 2023). Java has become a
popular place for students from both Indonesia and other

©  Salman, M., Nasrulloh, A., & Arjuna, E, 2026.
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countries to study, given its higher concentration of schools
and relatively better infrastructure compared to other parts
of Indonesia. The Indonesian Central Bureau of Statistics
said that in the 2021/2022 school year, there were 2,181,900
students on the island of Java, which is home to 5,273 high
schools. This distribution contributes to the role as an
educational centre (Lenge & Huwae, 2023).

Even though there are many benefits to being an
international student, there are also many health problems
associated with it, such as loneliness, difficulty adjusting
to a new culture, and homesickness (Suryadi et al., 2023).
Researchers have found that loneliness is a common
problem among international students, and it is associated
with serious effects on their mental health, academic
performance, and quality of life (Cahyadi, 2019; Koo
& Jiang, 2022; Wachyunni et al., 2023). The COVID-19
pandemic has made these problems even worse. Research
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shows that mental health problems, such as self-harm and
suicidal thoughts, have risen sharply among young adults
and students living away from home, especially in Java (Liem
et al., 2021). Given the significance of loneliness, there is a
growing interest in examining how exercise may relate to
mental health among international students (Suryadi et al.,
2023). Java is the most populous island in Indonesia, and it
is home to many of the nation’s universities and colleges. As
aresult, it has become a popular place for students from both
Indonesia and other countries to study (Lenge & Huwae,
2023). These students frequently encounter difficulties
associated with cultural adaptation, linguistic obstacles, and
social integration (Wachyunni et al., 2023).

Loneliness, in a psychological perspective, is the feeling
that one’s social relationships are not adequate in some way,
both in terms of the number of people they know and how
well they know them (Faisal & Turnip, 2019). It is different
from mere physical isolation; it reflects a deeper sense of
emotional and social disconnection. International students
often feel incredibly alone because they are far away from
their families, come from different cultures, and don’t
speak the same language (Koo & Jiang, 2022). Researchers
established emotional loneliness, social loneliness, and
culturallonelinessas distinct dimensions of this phenomenon
(Akoth & Enoksen, 2022).

Physical activity encompasses a movement that utilises
energy, including organised exercise and routine activities
such as walking or leisure excursions. Research indicates
that participation in physical activity is associated with
improvementsinpsychologicalwell-being,suchaslowerlevels
of stress, higher self-esteem, and increased opportunities for
social interactions, especially in communal environments
(Lenge & Huwae, 2023). Ryft’s multidimensional model of
psychological well-being refers to self-acceptance, positive
relationships, autonomy, environmental mastery, a sense of
purpose in life, and personal growth. Research indicates a
substantial inverse association between loneliness and factors
such as environmental mastery and positive relationships
among international students (Cahyadi, 2019).

Studies consistently show that international students
report higher levels of loneliness than domestic students,
potentially related to differences in social media usage and
cultural contexts (Koo & Jiang, 2022). Research conducted in
Indonesia, notably by Cahyadi (2019), identified a negative
correlation between loneliness and psychological well-
being, with heightened loneliness associated with cultural
and identity differences (Wachyunni et al., 2023). Moreover,
physical activity has been demonstrated to markedly improve
psychological well-being by elevating mood, alleviating
loneliness, and promoting social connections (Lenge &
Huwae, 2023).

Several key findings are well established: International
students often experience elevated loneliness compared
to domestic students, primarily related to cultural and
social challenges (Akoth & Enoksen, 2022; Koo & Jiang,
2022). Loneliness adversely affects psychological well-
being, significantly influencing environmental mastery and
interpersonal relationships (Cahyadi, 2019). Physical activity,
especially in group contexts, significantly mitigates loneliness
by promoting social interaction and fostering community
development (Lenge & Huwae, 2023). Previous research has
examined the role of physical activity in improving well-

being; however, it has not specifically investigated its capacity
to mitigate loneliness among international students in Java
(Lenge & Huwae, 2023). Moreover, although the impact of
culture shock is identified as a factor related to increased
loneliness, research on structured physical activity programs
as a potential intervention for loneliness remains limited
(Suryadi et al., 2023; Wachyunni et al., 2023).

While there has been extensive research on the well-
being of international students, no one has examined the
link between physical activity and lower loneliness among
international students in Java (Lenge & Huwae, 2023). This
indicates a significant gap in the literature, particularly
given the elevated levels of loneliness reported among
these students (Liem et al., 2021). This research investigates
whether participation in physical activity can mitigate
feelings of loneliness among international students in Java.
It seeks to: (1) examine the prevalence and characteristics
of loneliness; (2) investigate patterns of physical activity
engagement; and (3) explore the correlation between
physical activity and loneliness levels. The study aims to
contribute to understanding factors related to mental health
among international students in Java.

Materials and Methods

Study Design and Participants

The study employed a cross-sectional survey design.
The target population consisted of international students
enrolled in academic programs at universities located in the
Indonesian province of Java. Data collection was conducted
using a non-probability convenience sampling approach,
which is widely applied in studies involving specific and
difficult-to-access populations, including international
student communities.

Participants were eligible for inclusion if they had resided
in Indonesia, specifically on the island of Java, for at least six
months and were officially enrolled as international students
at universities in the region. Students who were not enrolled
in universities in Java or had not yet obtained international
student status were excluded from participation.

A voluntary self-administered questionnaire was
distributed via WhatsApp. Initially, 220 responses were
collected. To reduce potential bias associated with the
overrepresentation of certain nationalities, simple random
sampling was subsequently applied to obtain a more balanced
nationality distribution, resulting in a final analysed sample
of 164 participants.

The questionnaire was prepared using clear and
simple language, avoiding unnecessarily complex sentence
structures. Participants required approximately 15-35
minutes to complete the survey. All collected data were
treated as strictly confidential to ensure respondents’ privacy
and anonymity.

Instruments

Physical Activity Assessment

Physical activity was assessed using the International
Physical Activity Questionnaire (IPAQ) (Craig et al., 2003),
a validated instrument extensively used in international
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research due to its reliability, practicality, and cost-
effectiveness. The IPAQ evaluates physical activity performed
during the previous seven days across three domains:
walking, moderate-intensity activity, and vigorous-intensity
activity.

Physical activity volume was expressed in metabolic
equivalent task minutes per week (MET-min/week).
According to IPAQ scoring procedures, walking activity
was assigned 3.3 METs, moderate activity 4.0 METs, and
vigorous activity 8.0 METs. Total weekly physical activity
was calculated using the formula:

MET-min/week=METxdaysxminutes

Based on IPAQ scoring guidelines, participants were
classified into low, moderate, or high physical activity
categories.

Loneliness Assessment

Loneliness was measured using the 20-item Revised
UCLA Loneliness Scale (Russell et al., 1980), a validated self-
report instrument designed to assess perceived emotional
and social isolation. Responses were scored on a four-point
Likert scale ranging from 1 (“Never”) to 4 (“Often”). Total
scores ranged from 20 to 80, with higher scores indicating
greater levels of loneliness.

For analytical purposes, participants were classified into
the following categories: low loneliness (20-29), medium-
low loneliness (30-40), medium-high loneliness (41-50),
and very high loneliness (51-80), according to normative
data reported for college student populations.

Statistical Analysis

Data were analysed using SPSS version 2025.
Descriptive statistics were calculated for all study variables.
Data normality was assessed prior to inferential analysis.
Multiple regression analysis was performed to examine the
relationship between physical activity and loneliness while
controlling for potential confounding variables.

Statistical significance was established at: p<0.05.

All results are presented in the tables below.

Results

Participants: 164 foreign students aged 18-52 years from
different nations currently studying at distinct universities
across Java, Indonesia (male n = 90, female n = 74, SD = 5.97)
took part in this study. Ethical approval by the respective
institutional review board, which supervised compliance
with ethical standards in this investigation, was obtained.
Written consent for all participants was obtained, and their
anonymity and confidentiality were warranted.

Table 1. Participant Level of Study

Variable Frequency Percent
Associate Degree 1 .6
Bachelor’s Degree 61 37.2
Doctoral Degree 21 12.8
Master’s Degree 81 494
Total 164 100.0

Table 1 presents educational attainment among the 164
respondents: the largest group held a master’s degree (n =
81, 49.4%), followed by a bachelor’s degree (n = 61, 37.2%).
The sample includes 12.8% (n = 21) of respondents with
a doctoral degree and only 0.6% (n = 1) with an associate
degree. Together, more than half of the respondents (50.6%)
have a graduate-level degree, resulting in a mostly well-
educated sample.
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Fig. 1. Participant Country Origin

Figure 1 illustrates the frequency of respondents from
each represented country. The highest numbers were
observed for Pakistan (n = 16), Malaysia (n = 14), and Yemen
(n = 12). There is moderate representation for Sudan (n =
10), Egypt and the Philippines (n = 8), and France (n = 6).
Other nations have few respondents at all, with Afghanistan,
China, Brunei, the Czech Republic, Japan, Laos, Papua New
Guinea, Timor Leste, and Turkmenistan each contributing
only one or two. In general, the chart reveals that the sample
is diverse geographically but has high density in a few
countries, suggesting possible spatial clustering in the data.

Table 2. Descriptive Statistics: Frequency Table for Physical
Activity

Characteristics N Percentage
Physical Activity High 92 56.1
Low 16 9.8
Moderate 56 34.1
Total 164 100.0

The distribution of physical activity levels among the 164
respondents is presented in Table 2, with most participants
reporting high levels of physical activity (n = 92, 56.1%),
followed by moderate physical activity (n = 56, 34.1%).
Fewer respondents self-reported low physical activity (n =
16, 9.8%). Overall, the data indicate that most respondents
exhibit moderate to high physical activity, while a small
proportion report low activity levels.

Table 3. Descriptive Statistics: Frequency Table for
Loneliness

Variable Frequency Percent
High loneliness 113 68.9
Low loneliness 4 24
Moderate loneliness 11 6.7
Moderately high loneliness 36 22.0
Total 164 100.0
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Table 3 summarises the pattern of loneliness levels
among the 164 respondents, with a majority reporting high
loneliness (n =113, 68.9%) and others reporting moderate or
low loneliness (n = 36, 22.0%). Some experienced moderate
loneliness (n=11, 6.7%); a few experienced low loneliness
(n=4, 2.4%). Overall, the data indicate that a substantial
portion of the sample exhibits moderate to high loneliness,
with 91% of respondents falling into these categories.

Table 4. Multiple Regression Results

Predictor Variable B SEB t P
Physical Activity -0.37 0.08 -0.42 4.88 0.001
Age 0.05 0.03 0.08 1.67 0.097
Gender (Male=1, Female=0) -0.11 0.10 -0.06 1.10 0.273
Country Origin -0.08 0.05 -0.07 1.60 0.112
Level of Study -0.06 0.04 -0.06 1.50 0.136
Language Proficiency -0.05 0.04 -0.05 1.40 0.165

Model Summary: R*=0.23, F (3, 160) = 15.8, p <0.001, B -
Unstandardized, p - Standardized

The multiple linear regression model significantly
projected levels of loneliness, accounting for 23% of the
variation (R*> = 0.23, F (3, 160) = 15.8, p < 0.001). Physical
activity was identified as the only significant predictor (
= -0.42, p = 0.001), indicating a negative correlation with
loneliness, such that greater physical activity was associated
withlowerloneliness scores. Conversely, Age, gender, country
of origin, level of education, and language competence
exhibited negligible, non-significant correlations with
loneliness (p > 0.05), indicating a modest impact on perceived
social isolation in this setting. These results indicate that
higher reported physical activity levels were statistically
associated with lower loneliness scores, while demographic
factors showed no significant associations in this sample.

Discussion

This study examined the association between physical
activity and loneliness among international students in Java.
The multiple linear regression analysis indicated that higher
reported physical activity levels were statistically associated
with lower loneliness scores, while demographic factors such
as age, gender, country of origin, level of study, and language
proficiency showed no significant associations. The observed
association aligns with previous research indicating a negative
correlation between physical activity and loneliness in
university populations across diverse cultural contexts. These
findings suggest that students who report higher engagement
in physical activity tend to report lower levels of loneliness,
consistent with patterns identified in both international and
local student samples. The dataalso highlight thata considerable
portion of participants experienced moderate to high
loneliness, indicating that social isolation remains prevalent
among international students in Java. This underscores the
relevance of facilitating opportunities for participation in
physical activity as part of broader student support initiatives.

The current findings indicate an association between
higher levels of physical activity and lower levels of
loneliness among international students acclimating to life
in Java. This pattern corresponds with extensive literature

indicating a negative correlation between physical exercise
and loneliness among university populations, encompassing
both international and local students across many cultural
contexts. Reduced physical activity was independently
associated with increased loneliness and diminished mood
among German university students during the COVID-19
pandemic, consistent with evidence of a potential link
between physical activity and social and mental well-being
(Wenig et al., 2023). Research integrating cross-cultural
samples has demonstrated that physical activity, especially
in socially interactive contexts (e.g., team sports or group
activities), is associated with diminished loneliness and
improved social integration among college students
(Gestsdottir et al., 2021; Nie et al., 2025; Akoth & Enoksen,
2022). This study’s findings extend the observed associations
to international students within an Indonesian context,
suggesting that opportunities for social interaction, shared
routines, and communal experiences may relate to social
integration across diverse campus settings.

The literature suggests a potential bidirectional
relationship between physical activity and loneliness.
Increased physical activity can reduce loneliness, whereas
heightened loneliness may diminish the urge to participate
in activities, establishing a feedback loop that can obstruct
the acculturation processes of international students (Wenig
et al., 2023; Zhang et al., 2024). This study design does not
establish causality; however, the observed association aligns
with theoretical models suggesting that social engagement
during physical activity is a vital mechanism for social
integration and psychological resilience among newcomer
students (Gao etal., 2025; Lei et al., 2025). The amalgamation
of these findings with extensive loneliness research in
university demographics—emphasising emotional and
social loneliness as interconnected yet separate constructs—
reinforces the notion that physical activity interventions
may target various dimensions of loneliness pertinent to
international students acclimating to a novel educational
and cultural environment (Diehl et al., 2018; Ruz et al., 2020).

Participation in team- or group-oriented physical
activities provides contexts for social interaction, friendship
formation, and network development, which are associated
with lower perceived social isolation. This pattern is
supported by research showing that sports involvement
fosters interpersonal relationships and social inclusion,
therefore alleviating loneliness among university students
(Nie et al., 2025; Han et al.,, 2025). Physical activity is
consistently associated with improvements in mood and
reductions in depressive and anxious symptoms, which
might indirectly alleviate loneliness by enhancing overall
well-being and diminishing perceived social threat or the
risk of social disengagement. This aligns with evidence
emphasising the mental health benefits of physical activity,
which may mitigate loneliness by enhancing mood and
resilience (Rahgozar & Giménez-Llort, 2024; Perone et
al., 2025). In our environment, international students
experiencing acculturative stress may encounter loneliness,
in part due to negative affect; positive affect may disrupt
rumination and foster pleasant emotions, thereby reducing
perceived loneliness and enhancing the willingness to
connect socially (Feng et al., 2024).

Consistent physical activity is associated with elevated
mood, diminished anxiety and depression symptoms, and
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enhanced overall well-being, which may foster greater
engagement in social interactions and campus life, thereby
indirectly alleviating loneliness (Wenig et al., 2023;
Gestsdottir et al., 2021; Coco et al., 2025). Exercise enhances
self-regulatory abilities and stress management, perhaps
helping international students manage acculturative stress,
social obstacles, and language difficulties. This pathway has
been well documented in exercise psychology research,
linking physical activity to enhanced emotional regulation
and social adaptation, which in turn affect loneliness (Zhang
et al., 2024; Lei et al., 2025).

Engaging in physical activity enhances sleep quality,
which is associated with improved emotional regulation and
diminished feelings of loneliness. Although not all studies
identify sleep as a mediator, numerous investigations have
shown that physical activity enhances sleep quality and
concurrently improves mental health outcomes in student
populations (Wang et al., 2023; Wenig et al., 2023). Self-
efficacy and competence assessments may modulate
the impact of physical activity on loneliness. Regular
physical activity can enhance self-efficacy regarding social
engagement (e.g., “I can participate in group activities” or “I
can navigate new social contexts”), which social-cognitive
theories propose diminishes loneliness by augmenting
agency and perceived social competence (Maj et al., 2024;
Das, 2024). The extensive research on migration highlights
self-efficacy as a protective factor against acculturative
stress and loneliness among foreign students across diverse
environments. In contrast, internet-based self-efficacy
therapies have demonstrated efficacy in alleviating loneliness
among migrant populations (Maj et al., 2024).

Team-oriented physical activities provide opportunities
for social engagement, foster a sense of community, and
facilitate the development of social identity in unfamiliar
settings. This aligns with theories of social integration that
highlight the significance of shared activities in building
friendships and social networks, which subsequently
diminish. In Java, PA settings for international students,
including intramural sports, fitness classes, and outdoor
activities, serve as accessible social hubs that bridge
linguistic and cultural divides, promoting a sense of
belonging among peers (Nilsson & Stdlnacke, 2019; Besi¢
et al.,, 2020). PA can serve as a low-stigma environment
that broadens social networks beyond academic spheres.
In the literature concerning migrants and international
students, social support and peer networks are pivotal for
adaptation and wellbeing; activities that unite students—
particularly in physically engaging environments—promote
informal social connections, the sharing of information
regarding campus life, and integration into the host culture.
As networks develop through preferential attachment,
loneliness is expected to decrease due to increased perceived
social support (Nwokedi, 2020; Dhanji et al., 2023; Fong et
al., 2024).

Regular physical exercise regulates physiological stress
responses (e.g., diminished cortisol reactivity, enhanced
autonomic functioning) and reduces indicators of chronic
stress, thereby reducing the physiological basis for loneliness-
associated discomfort. This corresponds with studies
indicating that physical activity has stress-buffering effects,
enhancing mental health and social functioning in migrants
and students (Rahgozar & Giménez-Llort, 2024; Perone et

al., 2025). Regular physical activity enhances sleep quality
and energy levels, promoting daytime social interaction and
alleviating weariness that may hinder social involvement.
Sleep and fatigue are recognised factors that contribute
to loneliness and social disengagement; enhancements
through physical activity have been reported across many
populations, including students and migrants (Feng et
al., 2024; Perone et al., 2025). Moreover, a previous study
among international students in Java found a strong positive
association between physical exercise and life satisfaction,
indicating that regular physical activity is not only directly
related to physical fitness but also to emotional health and
quality of life (Salman et al., 2025).

Social integration theory suggests that engagement
in collective physical activities fosters mutual adaptation
between international students and local peers, hence
improving integration and alleviating loneliness. The
identified correlation endorses the notion that physical
activity-facilitated social integration may serve as an effective
therapeutic approach for loneliness during cross-cultural
transitions (Nilsson & Stalnacke, 2019; Besic et al., 2020). The
stress-buffering concept posits that positive affect mitigates
the detrimental health effects of acculturative stress and
isolation, thereby safeguarding well-being and facilitating
social functioning. Our findings substantiate the role of PA asa
protective factor against loneliness during cultural adjustment,
consistent with the literature on international students and
migrant studies, which indicates that PA and organised social
activities alleviate stress and loneliness during transitional
phases (Dhanji et al., 2023; Perone et al., 2025). The literature
suggests that the benefits of physical activity for loneliness and
well-being are applicable across many migration and student
contexts; however, the processes may be influenced by gender,
culture, and social norms. Certain studies indicate gender-
specific pathways, such as a greater reduction in loneliness
with physical activity among women in specific samples,
highlighting social self-efficacy as a mediating factor. We
recognise these subtleties and the potential for context (Java)
and cultural expectations to alter how PA affects loneliness
(Feng et al., 2024; Kupcewicz et al., 2024).

Establish and finance campus-oriented group physical
activity initiatives aimed at international students.
Universities ought to introduce consistent, culturally
inclusive group activities (e.g., guided walks, novice-friendly
team sports, social exercise clubs) that prioritise social
engagement and a sense of belonging. Research from many
studiesindicates that these formatsare particularly efficacious
in alleviating loneliness and fostering social connectedness
among students (Nie et al., 2025; Akoth & Enoksen, 2022).
PA programmes may be integrated into comprehensive
orientation and intercultural integration initiatives,
combining physical activities with peer mentoring, language
assistance, and social events to promote cross-cultural
connections and a sense of belonging (Han et al., 2025;
Lei et al,, 2025). Policies must guarantee affordable access
to facilities, transportation options for campus activities,
and scheduling that accommodates international students’
academic commitments and potential caregiving duties.
The social-spatial aspect of constructed environments can
affect loneliness, suggesting that university designers should
facilitate activity-friendly areas and accessible routes to
communal activities (Deng et al., 2025).
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The study did not account for potential seasonal or
environmental factors, such as variations in weather or
differences between urban and rural campus settings, which
may influence physical activity patterns and opportunities
for social interaction. Physical activity was measured
solely in terms of total MET-minutes per week, without
distinguishing between solitary and group-based activities,
potentially overlooking the distinct social benefits of group
engagement. Additionally, participants’ academic workload
andstresslevelswerenotassessed, which couldindependently
affect both loneliness and physical activity participation. The
sample was limited to international students in Java, limiting
generalizability to other geographic or cultural contexts.
Finally, important confounding variables, including
personality traits, social support availability, and language
proficiency, were not considered and may have influenced
perceptions of loneliness.

Future research employing longitudinal or experimental
methodologies is necessary to clarify causal links between
physical exercise and loneliness. Generalizability could be
improved by including participants from other areas and
educational systems. Additionally, examining supposed
mediators, such as social integration, acculturative stress,
and psychological resilience, is necessary to clarify the
influence of physical activity on loneliness. An applied
viewpoint must also evaluate the efficacy of structured
physical activity programs in alleviating loneliness among
international student groups.

Conclusion

This study identified a significant negative association
between physical activity and loneliness among international
students in Java, Indonesia. Participants reporting higher
levels of physical activity tended to report lower levels of
loneliness. A substantial number of students continued to
experience moderate to high loneliness, indicating that social
isolation remains common in this population. These findings
emphasise the importance of promoting opportunities for
physical activity within university settings as part of broader
student support initiatives.
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