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Abstract

Objectives. This study aims to understand global research trends on gymnastics in physical education by conducting
a bibliometric analysis of documents indexed in the Scopus database from 2015 to 2025.

Materials and Methods. Data were extracted using the keywords “gymnastics” and “physical education,” filtered by
document type (articles and reviews) and language (English). A total of 297 documents were analyzed. VOSviewer
software was used to visualize keyword co-occurrence relationships.

Results. The results show a fluctuating publication trend, with a peak in 2019, followed by a decline after 2021,
suggesting a temporary shift during the COVID-19 pandemic period. The United States, the United Kingdom, and
Spain emerged as the most productive countries, while Cardiff Metropolitan University and Loughborough University
were identified as leading institutions. Keyword co-occurrence mapping revealed five major thematic clusters: (1)
gymnastics pedagogy and student learning, (2) motor learning and movement coordination, (3) biomechanics and
injury prevention, (4) health, motivation, and exercise, and (5) technology-enhanced physical education.
Conclusions. These findings indicate that the field has evolved from a biomechanical and performance-based
perspective to a more interdisciplinary approach integrating health, education, and technology. The study provides
insights for educators, policymakers, and researchers to strengthen collaboration, integrate digital learning tools, and
advance innovative teaching practices in gymnastics education.

Keywords: gymnastics, physical education, bibliometric analysis, Scopus, research trends.

Introduction

Gymnastics is one of the foundational disciplines in
physical education that plays a critical role in developing
students’ motor skills, physical literacy, and body
coordination from an early age. It is not just a sport, but a type
of movement education that combines strength, flexibility,
balance, and rhythm which are important as key elements
that help develop physical abilities for a lifetime. (Sawicki et
al., 2018). As an integral part of physical education curricula
worldwide, gymnastics promotes not only physical fitness
but also creativity, discipline, and self-confidence (Viciene
et al,, 2015). In recent years, educators and researchers have
paid increasing attention to how gymnastics can support
holistic development in students, including cognitive and
socio-emotional aspects of learning through movement.

© Oktavani, L., Sepyanda, M., & Mayangsari, R., 2026.

@ PETM
LLCOVS

The evolution of gymnastics pedagogy within physical
education has been influenced by changes in educational
philosophy and the broader movement towards competence-
based and inclusive curricula (Kriiger, 2018). Traditional
gymnastics teaching often emphasized performance mastery
and competition; however, recent approaches have shifted
toward learning experiences that focus on participation,
exploration, and safety in movement (Bertills & Bjork,
2024). This transformation aligns with the goals of twenty-
first-century physical education, which seeks to balance
performance achievement with personal development,
health, and well-being (Lindsay & Spittle, 2024). In this
context, gymnastics serves as an ideal platform for cultivating
students’ psychomotor and affective domains while fostering
motivation and lifelong engagement in physical activity.

From a research perspective, the study of gymnastics
in physical education involves various domains such as
biomechanics, motor learning, injury prevention, pedagogy,
and psychology. For instance, Abdollahipour et al. (2015)

272



Oktavani, L., Sepyanda, M., & Mayangsari, R. (2026). Global Research Trends on Gymnastics in Physical Education: A Scopus-Based
Bibliometric Analysis

demonstrated that an external focus of attention improves
performance in gymnastics skills, highlighting the cognitive
dimensions of skill acquisition. Similarly, studies on injury
epidemiology among young athletes, including gymnasts,
have informed safety protocols and preventive training
designs (Changstrom et al., 2015). Other scholars have
explored gender participation, inclusion, and the use of
digital technologies to enhance teaching and assessment in
gymnastics-based learning environments (Harris & Cale,
2018; Jastrow et al., 2022). Therefore, these studies illustrate
that gymnastics research has evolved beyond physical
performance to address multidimensional educational and
health-related outcomes.

Despite the growing volume of gymnastics-related
research, the conceptual distinction between gymnastics as
an educational content in physical education and gymnastics
as an elite or competitive sport remains insufficiently
articulated in the literature (Leite et al., 2023). In physical
education, gymnastics is positioned as a curriculum-
based learning domain implemented in school and higher
education settings, emphasizing pedagogical objectives such
asmotor development, learning processes, safety, and student
engagement. In contrast, elite or competitive gymnastics
research is primarily oriented toward performance
optimization, high-level athlete preparation, and biomedical
outcomes. Given this distinction, it is essential that research
syntheses explicitly justify their relevance to pedagogical
PE contexts. Therefore, this study deliberately focuses on
publications in which gymnastics is examined as a teaching
and learning medium within physical education, rather than
as a specialized competitive discipline, ensuring alignment
with educational aims and curricular practice.

In recent years, bibliometric studies have gained
recognition in sports and educational sciences as a means
to understand how research fields evolve and interact. For
example, Rahayu et al. (2023) conducted a bibliometric
review of physical activity and health promotion, revealing
the dominant themes and collaboration networks driving
the field. Similarly, (Avila-garzon & Bacca-acosta, 2021)
examined educational technology research trends, offering
insights into pedagogical innovation. However, within the
domain of gymnastics, particularly in the context of school-
based physical education, such comprehensive bibliometric
mapping remains scarce. Considering the interdisciplinary
nature of gymnastics which consists of spanning sport
science, pedagogy, and psychology, analyzing its publication
patterns can provide an integrated understanding of how
the discipline contributes to educational and health-related
outcomes globally.

The importance of conducting a bibliometric analysis on
gymnastics in physical education lies not only in identifying
quantitative trends but also in understanding the intellectual
structure of the field. For instance, the identification of
highly cited works such as Changstrom et al. (2015) and
Silva & Paiva (2015) highlights the intersection of health and
performance research, reflecting a dual emphasis on athlete
well-being and skill optimization. Moreover, the inclusion
of diverse subject areas such as social sciences, psychology,
arts, health, and multidisciplinary studies, demonstrates that
gymnastics research extends far beyond sport performance,
intersecting with human development, learning theory,
and wellness education. This interdisciplinary character

reinforces the role of gymnastics as both an academic and
practical field relevant to contemporary educational goals.

Inthe digital era, the teaching and learning of gymnastics
are also being transformed by emerging technologies such
as virtual reality, motion analysis systems, and digital
coaching tools. These innovations offer new possibilities
for enhancing student engagement, personalized feedback,
and movement visualization (Bonanno et al., 2022). As
global education systems increasingly adopt technology-
enhanced physical education, research on gymnastics must
adapt to explore how such tools influence motor learning
and student outcomes. Therefore, analyzing research trends
in gymnastics not only reflects past achievements but also
anticipates future directions shaped by digital pedagogy,
inclusivity, and health promotion.

Related to these considerations, this study aims to
conduct a comprehensive bibliometric analysis of research
on gymnastics in physical education published in the Scopus
database from 2015 to 2025. Specifically, the study seeks
to (1) identify the publication trends, most productive
authors, institutions, and countries; (2) determine the
leading journals and citation patterns; and (3) visualize the
thematic clusters and emerging research frontiers through
keyword co-occurrence mapping. By providing a systematic
overview of the global knowledge structure in this domain,
this study contributes to the advancement of evidence-
based understanding of how gymnastics functions as an
educational and scientific field. The findings are expected
to inform educators, researchers, and policymakers in
designing innovative and inclusive gymnastics programs
that align with the goals of modern physical education.

Materials and Methods

This study conducted a bibliometric research design to
systematically map and analyze global publication trends on
gymnastics in the field of physical education. Bibliometric
analysis is a quantitative method used to evaluate scientific
literature, allowing researchers to identify patterns, networks,
and research dynamics within a specific field (Donthu et
al., 2021). Through citation data, keyword analysis, and co-
authorship mapping, bibliometric methods help visualize
the intellectual structure and thematic evolution of a
research domain. This approach is particularly effective for
disciplines that intersect multiple fields, such as physical
education, sport science, and pedagogy, where traditional
literature reviews may not capture the full scope of scholarly
development.

Data Source and Search Strategy

The data for this study were retrieved from the Scopus
database, one of the most comprehensive and widely used
repositories for peer-reviewed academic literature. Scopus
was selected due to its extensive coverage across social
sciences, education, and health disciplines, as well as its
advanced analytical features for bibliometric research (Baas
et al., 2020). The search process was conducted on October
29, 2025, using the following query string in the “Article
Title, Abstract, and Keywords” fields: (KEY (gymnastic*)
AND KEY (physical education)) AND PUBYEAR > 2014
AND PUBYEAR < 2026
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Table 1. Applied Filters for Data Retrieval from Scopus

Filter Category Description / Criteria Applied

Rationale

Database Source  Scopus (Elsevier)

Search Field Title, Abstract, and Keywords

Search Query (KEY (gymnastic*) AND KEY (physical education))

Publication Year ~ 2015-2025

Document Type  Article

Language English

Subject Areas Social Sciences (SOCI), Psychology (PSYC), Arts and
Humanities (ARTS), Multidisciplinary (MULT), Health
Professions (HEAL)

Data Export CSV and RIS

Format

Data Collection October 29, 2025

Date

Chosen for its wide coverage in education, sport
science, and multidisciplinary fields.
To capture publications directly related to the topic

Ensures focus on gymnastics within the context of
physical education

Represents the most recent decade of research
development

Focused on peer-reviewed journal articles to ensure
academic rigor

Selected for global accessibility and comparability
To include interdisciplinary studies related to physical

education and human movement

Compatible with bibliometric tools (VOSviewer)

Ensures the dataset reflects the latest publications up
to 2025

To ensure the relevance, quality, and consistency of the
dataset, several inclusion filters were applied during the data
extraction process. The applied criteria are summarized in
Table 1.

After applying these filters, a total of 297 documents were
identified as relevant to gymnastics in physical education.
The records were exported in both CSV and RIS formats for
subsequent analysis using VOSviewer.

Screening and Selection Procedure

Study selection was conducted independently by two
reviewers with academic expertise in gymnastics research
and bibliometric methodology. Both reviewers possess prior
experience in physical education scholarship and quantitative
research mapping, ensuring both content relevance and
methodological rigor in the screening process. The initial
screening was based on title and abstract evaluation to
determine alignment with the predefined inclusion criteria,
specifically focusing on studies examining gymnastics
within pedagogical and physical education contexts rather
than elite or purely competitive sport performance domains.
Independent screening is recommended in bibliometric and
evidence synthesis research to enhance objectivity, reduce
selection bias, and strengthen methodological transparency
(Donthu et al,, 2021; Page et al., 2021).

Following the preliminary screening, full-text verification
was conducted for records that met the inclusion criteria or
where eligibility remained uncertain. Disagreements regarding
inclusion or exclusion were resolved through structured
discussion aimed at reaching consensus. This dialogic
validation process ensured that decisions were grounded in
conceptual clarity and consistent application of the research
scope. When consensus could not be achieved, a third
reviewer—an expert in bibliometric studies with extensive
experience in research evaluation and scientific mapping—
was consulted to provide an independent judgment. The
involvement of a third reviewer in resolving discrepancies is
widely acknowledged as a best practice to improve reliability
and methodological credibility in systematic and bibliometric
reviews (Aria & Cuccurullo, 2017).

To further ensure transparency and replicability, all
inclusion and exclusion decisions were documented during
the screening process. The reviewers adhered to predefined
criteria related to publication type, language, time frame,
and subject relevance as specified in the methodological
framework. This structured selection procedure strengthens
the internal validity of the bibliometric dataset and aligns
with established guidelines for conducting rigorous and
reproducible bibliometric analyses in interdisciplinary
research domains (Donthu et al., 2021).

Data Extraction and Preparation

Each record extracted from Scopus contained essential
bibliographic information, including author names, article
titles, publication year, journal source, institutional affiliation,
country, keywords, abstract, and citation counts. Duplicate
records were identified using Scopus document identifiers
and manually cross-checked to avoid redundancy. Author
name disambiguation was conducted by standardizing
variations in initials and surname formats to ensure accurate
co-authorship mapping. Keyword normalization was
performed by merging synonymous terms (e.g., “PE” and
“physical education”) and correcting spelling inconsistencies
to improve the accuracy of co-occurrence analysis. The final
dataset represented the global research output in gymnastics-
related physical education over the past decade.

To enhance analytical depth, metadata were structured
for both quantitative and network analyses. This preparation
allowed the data to be processed by using VOSviewer
(version 1.6.20) for bibliometric analysis.

Bibliometric Indicators

The bibliometric analysis focused on both quantitative
and relational indicators to describe the structural and
thematic characteristics of gymnastics-related research in
physical education. These indicators were selected based
on standard bibliometric frameworks (Donthu et al., 2021).
The specific indicators used in this study are summarized in
Table 2.
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These indicators collectively enabled a comprehensive
understanding of the quantitative output, intellectual
structure, and collaborative networks in the field.
Productivity indicators revealed the most active contributors
and sources; impact indicators highlighted influential works
and citation patterns; and relational indicators demonstrated
how authors and institutions collaborate across disciplines.

Visualization was primarily performed using VOSviewer
(version 1.6.20) to generate network maps for co-authorship,
co-occurrence, and citation analysis. The integration of
these tools allowed for a multidimensional representation
of the research landscape, providing both descriptive and
structural insights into the development of gymnastics-
related scholarship in physical education.

Visualization and Network Analysis

VOSviewerwasusedtoconstructandvisualizebibliometric
networks, including co-authorship, co-occurrence, and
citation maps. VOSviewer is particularly effective for analyzing
large datasets and generating intuitive visual representations
of relationships among authors, keywords, and documents
(Bus, 2023; Jan & Ludo, 2010). The software applies a mapping
technique where nodes represent items (e.g., authors,
keywords), and the size of each node indicates its frequency
or citation impact. The proximity between nodes reflects the
strength of their relationship, while colors denote thematic
clusters or communities within the field.

The co-occurrence analysis of author keywords was used
to identify the most frequently used terms and the conceptual
structure of the field. Keywords such as gymnastics, physical
education, motor learning, biomechanics, injury prevention,
and teaching strategies were expected to dominate the network.

Table 2. Bibliometric Indicators and Their Analytical Purposes

Co-authorship mapping was performed to reveal collaborative
networks across countries and institutions, showing which
regions contribute most actively to gymnastics education
research. Meanwhile, citation analysis identified the most
influential works shaping the knowledge base, such as those
by Abdollahipour et al. (2015) and Changstrom et al. (2015).
In addition to VOSviewer was employed for statistical
analysis of bibliometric indicators. This tool enabled the
generation of descriptive statistics such as annual publication
growth rate, author productivity index, and source impact
metrics (h-index, g-index, m-index) as well as thematic
evolution analysis to trace how topics in gymnastics
education have developed over time (Jan & Ludo, 2010).

Reliability and Limitations

The reliability of bibliometric analysis depends on
the completeness and accuracy of the database. Although
Scopus provides extensive coverage, some relevant works
indexed in other databases (e.g., Web of Science or
ERIC) may not be included. Additionally, variations in
author naming conventions and keyword usage can affect
clustering accuracy. To mitigate these issues, data cleaning
and normalization procedures were applied before analysis.
Despite these limitations, bibliometric methods remain
robust for identifying macro-level patterns and providing
an empirical foundation for understanding global research
dynamics (Donthu et al., 2021).

Protocol Registration

Protocol registration: Not applicable. This study
applied a bibliometric design using publicly available

Category Indicator Analytical Focus/ Objective Expected Output/ Visualization
Productivity Annual Publication Trends To identify growth patterns in the Line chart of yearly publication output
Indicators number of publications from 2015-

2025
Most Productive Authors

To determine authors with the highest Author productivity ranking and h-index

number of publications in the dataset distribution

Most Productive Journals

Institutional and Country
Productivity

To highlight active institutions and
nations contributing to the field

To identify key journals publishing on Source impact table (number of articles,
gymnastics in physical education

citations, impact index)

Geographical mapping of publication
distribution

Impact Indicators  Citation Analysis

To assess the influence of authors,
journals, and individual articles

Top-cited documents and citation
network

Source Impact Metrics (h-index, To evaluate the quality and influence of Statistical summary generated

g-index, m-index)

key journals or authors

Relational Indicators Co-authorship Analysis

countries

To reveal collaboration networks
among authors, institutions, and

Network visualization (nodes = authors/
institutions; links = collaborations)

Thematic Evolution Keyword Co-occurrence

Co-citation Analysis

To explore intellectual connections

To identify dominant research themes Thematic cluster map generated using
and conceptual clusters

VOSviewer

Citation network map (VOSviewer)

among frequently cited works

Thematic Trend Mapping

To track the evolution of research

Trend graph and thematic evolution map

topics and emerging trends over time
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secondary data from the Scopus database and did not
involve human participants or interventional procedures
requiring formal registration. While protocol registration is
commonly recommended for systematic reviews of clinical
or intervention studies to enhance transparency (Page et
al,, 2021), it is not a standard requirement for bibliometric
analyses. However, the search strategy, inclusion criteria,
screening procedures, and analytical framework were
predefined and clearly reported to ensure methodological
transparency and reproducibility in line with established
bibliometric guidelines (Donthu et al., 2021).

Results

Analysis of Documents by Year

The analysis of publication trends provides valuable
insights into the development and evolution of research
interest in gymnastics within the field of physical education.
Examining annual publication output helps to understand
how scholarly attention toward this topic has shifted over
time, reflecting broader academic, pedagogical, and societal
influences on physical education research.

Documents by year Scopus

Documents
s
B

2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025

Year
Copyright © 2025 Elsevier B.V. Al rights reserved. Scopus® is a registered trademark of Elsevier B.V.

Fig. 1. Annual Distribution of Publications on Gymnastics
in Physical Education (2015-2025). Source: Scopus database
(analyzed on October 29, 2025)

As illustrated in Figure 1, the number of documents
published on gymnastics in physical education between
2015 and 2025 demonstrates a fluctuating yet dynamic
pattern. In 2015, there were 24 publications, and this figure
increased slightly to 26 in 2016. A steady upward trend
continued through 2017 and 2018, each recording 32
documents, indicating growing scholarly engagement with
the topic during this period. The peak occurred in 2019,
when the number of publications reached 42, marking the
most productive year within the decade.

After 2019, publication activity began to decline
moderately, with 36 documents in 2020 and 37 documents
in 2021, suggesting a stabilization phase. However, in
2022, the number of publications fell sharply to 18, likely
influenced by the global educational disruptions caused
by the COVID-19 pandemic. A brief recovery occurred in
2023 with 24 publications, but the figure again dropped to
its lowest point of 10 in 2024, followed by a modest increase
to 15 documents in 2025.

Therefore, the data indicate that research on gymnastics
in physical education was mostactive between 2017 and 2021,
a period characterized by increased academic exploration
of movement learning, pedagogy, and health-related issues.
The subsequent decline may reflect a diversification of
research themes toward digital-based physical education
and interdisciplinary health promotion studies.

Analysis of Documents per Year by Source

Understanding the distribution of publications across
journals provides insight into where research on gymnastics
in physical education is most frequently disseminated. It also
highlights the preferred outlets for scholars in the field and
identifies key sources that shape the scientific discourse.

Documents per year by source

Compare the document counts for up to 10 sources.Compare sources and view CiteScore, SJR, and SNIP data

Scopus

Documents
-

N

2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025
Year

ledicine and Physical Fitness - Plos One

il of Strength and Canditioning Research

ian Sp

Copyright © 2025 Elsevier B.V. Al rights reserved. Seopus® is a registered trademark of Elsevier B.V.

Fig. 2. Documents per year by source (Top 10 journals publishing
studies on gymnastics in physical education, 2015-2025). Source:
Scopus database (analyzed on October 29, 2025)

As shown in Figure 2, the ten most active journals
publishing studies related to gymnastics and physical
education between 2015 and 2025 include the Journal of
Sports Sciences, Journal of Sports Medicine and Physical
Fitness, Plos One, Sports Biomechanics, Human Movement
Science, Journal of Strength and Conditioning Research,
European Journal of Sport Science, Journal of Human Sport
and Exercise, Journal of Physical Education and Sport, and
Physician and Sportsmedicine.

Among these sources, the Journal of Sports Sciences
consistently appeared as a leading publication outlet,
particularly active between 2017 and 2021, with peaks in
2017 and 2021, each contributing around four to five articles
per year. The Journal of Sports Medicine and Physical Fitness
also demonstrated notable productivity, showing a visible
peak in 2019, which corresponded to an increase in health-
related studies and sports performance assessments during
that period.

Sports Biomechanics showed a steady increase in
publication output, reaching its highest point in 2023
with approximately six documents. This pattern reflects
growing scholarly attention toward biomechanical and
motor learning perspectives in gymnastics-related research.
Similarly, Human Movement Science and the Journal of
Strength and Conditioning Research exhibited moderate but
consistent publication activity, emphasizing performance
analysis, training design, and physical education pedagogy.
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Other journals such as the European Journal of Sport
Science and Journal of Human Sportand Exercise contributed
regularly to the topic, indicating the interdisciplinary nature
of gymnastics research that bridges sport science and
educational practice. The Journal of Physical Education and
Sport maintained a stable presence throughout the decade,
reinforcing its relevance as a platform for pedagogical and
practical studies in physical education.

In general, the results suggest that the dissemination of
gymnastics-related research spans a wide range of journals,
from sport science to multidisciplinary education outlets.
This diversity indicates that gymnastics is studied not only
as a performance discipline but also as an educational
and developmental medium, connecting research across
biomechanics, health, and teaching innovation

Analysis of Documents by Country or Territory

Examining the geographical distribution of publications
provides an overview of the countries that have contributed
most actively to research on gymnastics in physical
education. Country-level analysis helps identify regional
strengths, collaborative potential, and global patterns in the
dissemination of scholarly work.

Documents by country or territory

Compare the docur ts for up to 15 o

Scopus

ons

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70

Documents
Copyright @ 2025 Elsevier B.V. Al rights reserved. Scopus® is a registered trademark of Elsevier B.V.
Fig. 3. Distribution of publications by country or territory (Top
10 countries, 2015-2025). Source: Scopus database (analyzed on
October 29, 2025)

As presented in Figure 3, the United States dominates
the research output with approximately 66 publications,
representing the most significant contribution to global
studies in this field. This strong presence reflects the
country’s well-established research culture in sport sciences
and physical education, supported by numerous academic
institutions and professional organizations. The United
Kingdom follows closely with 49 documents, indicating a
robust academic engagement in educational and health-
oriented gymnastics research.

European countries also show notable contributions,
particularly Spain with 29 publications and Germany with
20 publications, reflecting the growing research interest
in gymnastics pedagogy and motor learning in European
contexts. Meanwhile, Brazil emerges as the leading country
from South America with 24 publications, highlighting its
active participation in sport and physical education research
at the international level.

Among the English-speaking nations, Australia
and Canada also demonstrate consistent productivity,
each contributing between 18 and 20 publications. Their
involvement often emphasizes applied research in movement
education, health promotion, and teacher training. Asian
participation is represented primarily by China, which
recorded approximately 15 publications, indicating a
growing engagement in biomechanics and performance-
based studies in gymnastics. Additionally, Poland and Italy
contribute around 12-14 publications each, underscoring
the European region’s diverse engagement in gymnastics-
related scholarship.

To sum up, the global distribution of publications shows
that the majority of research originates from North America
and Europe, followed by emerging contributions from
South America and Asia. This pattern suggests that while
Western nations currently lead the discourse on gymnastics
and physical education, there is an increasing global interest
and potential for broader international collaboration in the
coming years.

Analysis of Documents by Author

The analysis of author productivity provides an
overview of the researchers who have contributed most
extensively to the body of literature on gymnastics in
physical education. This indicator helps identify key figures
shaping the development of knowledge in the field and
highlights patterns of authorship that reflect collaboration
and thematic specialization.

Documents by author

Compare the document counts for up to 15 authors.

Scopus

Inwin, G

Newell, K.M.
Williams, GK.R.
Farana,

Hiley, M.J.

Kenwin, D.G.
Yeadon, MR
Gomez-Landero, LA.

Bradshaw, E.J

£l

Exell, TA

°
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10

B
N
8

Documents
Copyright ® 2025 Elsevier B.V. Al rights reserved. Scopus® is a registered trademark of Elsevier B.V.

Fig. 4. Top 10 most productive authors publishing on gymnastics

in physical education (2015-2025). Source: Scopus database
(analyzed on October 29, 2025)

As illustrated in Figure 4, Irwin, G. emerges as the most
productive author, contributing 18 publications related to
gymnastics and physical education during the 2015-2025
period. His works predominantly focus on the biomechanics
of gymnastics performance, skill acquisition, and applied
motor control in educational contexts. Following closely
are Newell, K. M. and Williams, G. K. R., each with 10
publications, both recognized for their influential research
on motor learning and coordination within sports and
exercise science.

Other prominent contributors include Farana, R., Hiley,
M. J., and Kerwin, D. G., each with 7-8 publications. Their
studies primarily examine the mechanical and physiological
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aspects of gymnastics performance, offering insights into
balance, motion dynamics, and performance efficiency.
Similarly, Yeadon, M. R. has made notable contributions
with 7 publications, focusing on biomechanical modeling
and movement optimization in gymnastics training.

Additionally, researchers such as Gémez-Landero, L.
A., Bradshaw, E. J., and Exell, T. A. where each of them
have 4-5 publications, represent emerging contributors
in the field, often exploring interdisciplinary intersections
between sport performance, physical education pedagogy,
and applied human movement science.

The data indicate that the majority of prolific authors are
affiliated with institutions in the United Kingdom, Australia,
and Spain, reflecting strong international representation. This
suggests that gymnastics-related research within physical
education is primarily driven by scholars specializing in
biomechanics, motor learning, and sport performance,
underscoring the technical and scientific dimensions of the
discipline.

Analysis of Documents by Affiliation

Institutional productivity analysis provides an overview
of universities and research centers that have contributed
most significantly to the study of gymnastics in physical
education. This indicator reflects the concentration of
expertise, research collaboration, and the institutional
support that sustains scientific output in the field.

Documents by affiliation

Compare the document counts for up to 15 affiliations.

Scopus
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Loughborough

Fig. 5. Top 10 affiliations contributing to publications on
gymnastics in physical education (2015-2025). Source: Scopus
database (analyzed on October 29, 2025)

Aspresentedin Figure 5, Cardiff Metropolitan University
ranks as the most productive institution, with approximately
21 publications on gymnastics and physical education
between 2015 and 2025. The university’s dominance in this
area is consistent with its reputation for excellence in sport
and exercise science research, as well as its strong focus on
applied biomechanics and motor learning.

Following Cardiff Metropolitan University, the
Auckland University of Technology and Loughborough
University both exhibit notable research activity, each
contributing around 8 publications. These institutions are
recognized for their interdisciplinary approach, combining
physical education pedagogy, human performance
analysis, and sports technology innovation. Similarly, the
Akademia Wychowania Fizycznego im. Jerzego Kukuczki

w Katowicach (Poland) and Ostravskd Univerzita v Ostravé
(Czech Republic) also appear as active contributors, each
producing approximately 7 publications, indicating the
growing presence of Central European research in this
domain.

The University of Exeter and Micheli Center for
Sports Injury Prevention show moderate productivity
with around 6 publications each, emphasizing the role of
British and American institutions in advancing gymnastics
injury prevention and performance assessment studies.
Meanwhile, Latin American representation is reflected by the
Universidade Federal de Juiz de Fora and Universidade de
Sdo Paulo (Brazil), both contributing five to six documents,
demonstrating the increasing research engagement from
South American universities. Additionally, Universitat
d’Alacant (Spain) contributes a comparable number of
publications, further supporting Spain’s strong involvement
in gymnastics-related pedagogy and physical education
research.

The overall pattern suggests that institutional research
productivity is largely concentrated in universities with
established sport science and physical education programs.
European institutions dominate the top rankings, followed
by growing participation from Oceania and South America.
This distribution indicates a globally interconnected research
community, with potential for expanded collaboration across
regions to advance innovation in gymnastics education and
movement science.

Analysis of Documents by Subject Area

The subject area distribution provides an overview of the
disciplinary scope of publications on gymnastics in physical
education. This analysis reflects the multidisciplinary nature
of the field, which bridges sport science, health, psychology,
and education.

Documents by subject area Scopus

Other (2.1%)
|

Business, Manag... (0.7%)

ental ... (1.0%)
ience (1.2%)

Arts and Humani... (1.5%) -
~ Health Professi... (37.6%)
Multidisciplina... (3.5%)

Biochemistry, G... (3.8%)
Psychology (4.5%)

Social Sciences... (8.3%)

/
Wedicine (36.0%)
Copyright ® 2025 Elsevier B.V. All rights reserved. Scopus® is a registered trademark of Elsevier B.V

Fig. 6. Annual Distribution of Publications on Gymnastics

in Physical Education (2015-2025). Source: Scopus database
(analyzed on October 29, 2025)

As displayed in Figure 6, the Health Professions category
represents the largest proportion of publications, accounting
for 37.6% of all documents. This dominance indicates that
research on gymnastics is strongly associated with health
promotion, physical performance, and sports training
studies. The Medicine category follows closely with 36.0%,
highlighting the strong clinical and physiological focus of
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many publications, particularly those investigating injury
prevention, physical fitness, and rehabilitation in gymnastics
and physical education contexts.

The Social Sciences area contributes 8.3% of total
documents, underscoring the importance of pedagogical,
sociocultural, and educational perspectives in gymnastics-
related research. This proportion suggests that scholars
increasingly view gymnastics not only as a sport but also
as a medium for fostering learning, motivation, and holistic
development in educational settings. The Psychology
category, comprising 4.5% of the publications, further
emphasizes the field’s attention to motivation, cognitive
processes, and the psychological dimensions of motor
learning and skill acquisition.

Smaller but notable contributions come from Biochemistry,
Genetics, and Molecular Biology (3.8%), Multidisciplinary
(3.5%), and Arts and Humanities (1.5%), which together
indicate the integration of scientific, cross-disciplinary, and
creative approaches in gymnastics research. Additionally,
minor contributions are recorded in Neuroscience (1.2%),
Environmental Science (1.0%), and Business, Management
and Accounting (0.7%), as well as Other (2.1%), showing that
gymnastics-related studies occasionally intersect with diverse
research fields such as environmental adaptation, sports
administration, and performance optimization.

Generally, the subjectarea distribution demonstrates that
the study of gymnastics in physical education is inherently
multidisciplinary, combining biomedical, pedagogical, and
psychological dimensions. The predominance of Health
Professions and Medicine reflects a sustained research focus
on performance, injury prevention, and athlete health, while
the growing representation of Social Sciences and Psychology
points to the expanding educational and behavioral research
directions in this domain.

Keyword Co-Occurrence Network

To identify the conceptual structure and thematic focus
of research on gymnastics in physical education, a keyword
co-occurrence analysis was conducted using VOSviewer
(version 1.6.20). Only keywords with a minimum
occurrence of five were included in the visualization to
ensure the reliability and clarity of thematic clusters. The
analysis revealed several interconnected keyword networks
that represent dominant and emerging themes in the field.

The resulting network map (Figure 7) displays multiple
clusters differentiated by color, each representing a
distinct thematic domain. The first cluster (red) centers on
gymnastics, physical education, and teaching, which form
the core concepts of the research domain. Keywords such as
students, learning outcomes, and pedagogy frequently co-
occur, emphasizing the educational dimension of gymnastics
in school-based physical education.

The second cluster (green) focuses on motor learning,
movement, coordination, and balance. This cluster reflects
research that examines the physiological and biomechanical
aspects of gymnastics, especially in relation to fundamental
movement skills and body control. These studies typically
explore how gymnastics contributes to the development of
psychomotor competence and postural stability.

The third cluster (blue) represents topics related to injury
prevention, biomechanics, and performance. This cluster

Keyword Network Visualization (Based on VOSviewer-style Clustering)

Fig. 7. Keyword co-occurrence network map of research on
gymnastics in physical education (minimum 5 occurrences).
Source: Scopus database (analyzed on October 29, 2025)

shows the influence of sport science and medical research
within the domain, often emphasizing safety, performance
enhancement, and body mechanics in gymnastics practice.

The fourth cluster (yellow) includes keywords such
as health, fitness, motivation, and exercise, indicating an
emerging trend toward health-oriented and motivational
studies. These publications often connect gymnastics
education with well-being, student engagement, and the
promotion of active lifestyles.

Finally, a smaller fifth cluster (purple) relates to
technology, digital learning, and virtual reality, which
represents a relatively new research direction exploring
how digital tools can enhance gymnastics instruction and
assessment in physical education contexts.

The density visualization of keywords shows that the
terms gymnastics, physical education, motor learning, and
health are the most central and frequently connected nodes,
indicating their strong influence in shaping the overall
research landscape. These findings demonstrate that while
biomechanics and health sciences remain dominant, there
is growing attention to educational innovation, inclusive
practices, and digital pedagogy in gymnastics learning.

Discussion

The bibliometric analysis conducted in this study
provides a comprehensive overview of the research landscape
on gymnastics in physical education from 2015 to 2025, as
indexed in the Scopus database. The findings reveal evolving
publication trends, highlight key contributing countries,
institutions, and authors, and shed light on the thematic
development of the field through keyword co-occurrence
analysis.

Moreover, this bibliometric analysis provides an
interpretive synthesis of how gymnastics research has
been framed and developed within the field of physical
education over the past decade. Rather than treating
gymnastics research as a homogeneous body of knowledge,
the discussion explicitly differentiates pedagogical physical
education contexts from elite or competitive sport-oriented
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scholarship. This distinction is essential, as physical education
is a curriculum-based educational domain focused on
learning processes, motor development, and pedagogical
outcomes, whereas elite gymnastics research primarily
emphasizes performance optimization and biomedical
efficiency (Kriiger, 2018; Robinson et al., 2020).

Publication Trends and Research Growth

The annual distribution of publications shows a
fluctuating yet dynamic pattern, with a notable peak in
2019 followed by a decline after 2021. This fluctuation may
reflect broader global circumstances such as the COVID-19
pandemic, which disrupted physical education activities and
sports research worldwide (Li et al., 2022). However, the
rebound observed in 2025 indicates a renewed academic
interest in promoting physical literacy and re-integrating
gymnastics into post-pandemic physical education
curricula. The long-term trend suggests that gymnastics
continues to be a relevant topic due to its role in developing
students’ motor skills, coordination, and overall physical
fitness (Molina, 2015; Raid et al., 2022; Rudd et al., 2017;
Sabau et al., 2023).

Gymnastics Research within a Pedagogical
Physical Education Context

Although the publication landscape is dominated by
sport science, biomechanics, and health-related journals, the
thematic patterns identified through keyword co-occurrence
analysis indicate that a substantial proportion of studies
address pedagogically relevant constructs such as motor
learning, movement coordination, instructional strategies,
and student development. This finding reflects a well-
documented characteristic of physical education research,
in which pedagogical inquiries are frequently disseminated
through sport science outlets due to their methodological
orientation and analytical consistency (McVeigh etal., 2025).

Importantly, the disciplinary categorization of
journals should not be equated with research purpose.
Studies published in biomechanics or human movement
journals often investigate learning-related variables that
directly inform physical education practice, particularly
in gymnastics where movement quality, control, and
adaptability are central educational goals (Abdollahipour
et al., 2015). Therefore, the bibliometric evidence supports
the interpretation that gymnastics research contributes
meaningfully to pedagogical PE, even when disseminated
outside traditionally educational journals.

Implications for Physical Education Curriculum Design

The prominence of thematic clusters related to
motor learning, balance, coordination, and fundamental
movement skills reinforces the role of gymnastics as a
foundational curricular component in physical education.
Gymnastics-based activities emphasize whole-body control,
spatial awareness, and movement variability, which are core
elements of physical literacy and transferable across multiple
physical activity contexts (Molina, 2015; Rudd et al., 2017).

The bibliometric trends further suggest a pedagogical
shift from rigid, technique-centered instruction toward

more inclusive and developmentally appropriate curriculum
models. Research addressing creativity, exploration, and
task variability aligns with contemporary PE curricula that
prioritize learner diversity and progressive skill development
rather than standardized performance benchmarks (Lindsay
& Spittle, 2024). In this sense, gymnastics functions not
merely as a sport-specific content area, but as a curricular
vehicle for fostering broad movement competence in school
and higher education PE.

Relevance for Teacher Education and Pedagogical Practice

The concentration of influential publications and
productive institutions within sport science-oriented
universities highlights an important implication for physical
education teacher education. While biomechanical and
motor control research provides a robust evidence base, its
pedagogical translation is not always explicit. The findings
of this study indicate a growing need for teacher education
programs to contextualize scientific knowledge within
pedagogical frameworks that support instructional decision-
making in PE settings (Robinson et al., 2020).

The presence of themes related to teaching strategies,
learning environments, and student-centered instruction
suggests that gymnastics research increasingly addresses
how learning is facilitated, not solely how movements are
executed. This trend is particularly relevant for pre-service
and in-service PE teachers, who often report limited
confidence in teaching gymnastics due to safety concerns
and perceived technical complexity (McVeigh et al., 2025).
By highlighting pedagogically oriented research clusters,
this bibliometric analysis supports the development of
pedagogical content knowledge and reinforces gymnastics
as a meaningful component of teacher education curricula.

Gymnastics, Motor Development, and
Fundamental Movement Skills

The strong representation of motor learning and
coordination themes underscores gymnastics as a
critical medium for fundamental movement skill (FMS)
development in physical education. Unlike specialized sports
that emphasize early specialization, gymnastics prioritizes
movement diversity, body control, and adaptability, which
are essential for motor competence across developmental
stages (Raid et al., 2022; Rudd et al., 2017).

The bibliometric patterns indicate that gymnastics
research increasingly foregrounds developmental and
educational outcomes rather than elite performance
indicators. This supports the positioning of gymnastics as a
pedagogical tool for enhancing movement quality and motor
confidence, which are central objectives in contemporary
PE curricula. Consequently, gymnastics-based instruction
contributes not only to physical skill acquisition but also
to students’ readiness for lifelong participation in physical
activity.

Pedagogical Models and Emerging Educational Directions

The emergence of technology-related and
motivation-oriented themes reflects broader pedagogical
transformations within physical education. Digital
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tools such as motion analysis, virtual feedback systems,
and technology-supported assessment have expanded
instructional possibilities in gymnastics, enabling more
individualized and formative learning experiences (Jastrow
etal., 2022). These developments align with learner-centered
pedagogical models that emphasize autonomy, feedback,
and engagement.

In addition, the increasing focus on health and
motivation suggests that gymnastics research is responding
to contemporary educational priorities, including well-being,
inclusivity, and sustained physical activity participation. Rather
than reinforcing performance-driven or exclusionary practices,
the thematic evolution identified in this study indicates a gradual
alignment with inclusive and health-oriented pedagogical
models in physical education (Kojima et al., 2021).

Scientific and Pedagogical Added Value
of the Bibliometric Analysis

From a scientific perspective, this study contributes
by systematically mapping the intellectual structure of
gymnastics research within physical education and clarifying
its conceptual orientation. By distinguishing pedagogically
relevant PE research from elite sport-focused scholarship,
the analysis addresses a critical ambiguity in the literature
and strengthens the theoretical coherence of gymnastics as a
research domain in PE (Donthu et al., 2021).

From a pedagogical standpoint, the bibliometric
findings provide evidence-based insights that are directly
applicable to curriculum development, teacher education,
and instructional innovation. The identification of dominant
and emerging themes offers guidance for future research
agendas and supports reflective decision-making among
educators and policymakers. Thus, this study demonstrates
that bibliometric analysis can function not only as a
descriptive tool but also as a methodological approach
for advancing pedagogical understanding and practice in
physical education.

Conclusions

This study provides an analytical overview of how
gymnastics research has been positioned and developed
within the field of physical education over the last decade.
Rather than merely documenting publication output, the
bibliometric approach employed in this study reveals the
intellectual structure and thematic orientations that have
shaped gymnastics-related scholarship in educational
contexts. The findings demonstrate that gymnastics
research in physical education has progressively expanded
beyond performance-centered perspectives toward more
pedagogically oriented, interdisciplinary, and educationally
relevant frameworks.

From an analytical standpoint, this study contributes by
clarifying the conceptual landscape of gymnastics research
in physical education and distinguishing it from elite or
competitive sport-oriented scholarship. The identification
of dominant thematic clusters—particularly those related to
pedagogy, motor learning, health, and technology-illustrates
how gymnastics functions as a curricular content area that
supports learning processes, physical literacy, and student
development. By mapping these clusters, the study highlights

both well-established research domains and emerging areas
that warrant further scholarly attention within PE.

From a pedagogical perspective, the findings underscore
the educational value of gymnastics asa medium for developing
fundamental movementskills, motor coordination,and learner
engagement in physical education settings. The prominence
of pedagogical and motor learning themes suggests that
gymnastics remains a relevant and adaptable component
of contemporary PE curricula, particularly when aligned
with inclusive, student-centered, and competence-based
teaching approaches. Furthermore, the growing presence of
technology-related themes indicates increasing opportunities
for innovation in gymnastics instruction, assessment, and
teacher education.

Importantly, this study offers implications for
curriculum design and teacher education by providing
evidence-based insights into how gymnastics research aligns
with current educational priorities. By identifying research
concentrations and gaps, the findings can support educators
and policymakers in making informed decisions regarding
the integration of gymnastics into PE programs, professional
development initiatives, and pedagogical model selection.

In conclusion, this bibliometric analysis contributes to
physical education theory and methodology by repositioning
gymnastics as an educationally grounded and pedagogically
meaningful research domain. Future research should build
upon these insights by examining how identified themes
are operationalized in classroom practice, exploring
pedagogical models that effectively integrate gymnastics
into PE curricula, and expanding cross-disciplinary and
international collaboration to strengthen the educational
impact of gymnastics research.
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Mob6anbHi TeHAeHUIT gocnigKeHb riMHACcTUKN Yy pisuHOMY
BMXOBaHHI: 6i6niomeTpnyHni aHanis 3a gaHMMM Scopus

JTroci OxraBanu'*®P, Mapcika Cen’ ssupga'*®cP, Pina Magnrcapi'®“®

!lep>xaBHmit yHiBepcuteT Ilaganra

ABTOpPCHKMIT BKIAJ: A — Au3aitH gocmipkeHHs; B — 36ip ganux; C - crataHanis; D — migroroska pykonucy; E - 36ip KOLITiB

Pedepar. Crarrs: 12 ., 2 Tabm., 7 puc., 28 mKeper.

Merta gocmifpKeHHs — 3’51CyBaTy [100a/IbHI TeH/EHI[il HAYKOBUX JOCTIKEHD 3 TIMHACTUKM Y (pisMIHOMY BUXOBAaHHI Ha OCHO-
Bi 6i6/1i0MeTPNIHOrO aHaIi3y JOKYMEHTIB, iHfjeKcoBaHuX y 6a3i gaHux Scopus y 2015-2025 poxax.

Marepianu i Meromu. [JaHi OTpMMaHO 3a KJIIOUOBMMM C/IOBaMu «gymnastics» Ta «physical education» 3 mopanpioro ¢inprpa-
I1i€10 3a TUIIOM JOKYMeHTIB (CTAaTTi Ta OI/IsAANM) i MOBOIO Iy6rmikariiit (aHrilicpKa). 3arasmoM mpoaHasisoBaHo 297 TOKyMeHTIB. [lis
BigyaJrisalii B3a€MO3B’A3KiB CIIiB3yCTpi4a/bHOCTI KJTIOUOBNUX C/TiB BUKOPUCTAHO IporpaMHe 3abesnedenus VOSviewer.

Pesynpratu. YCTaHOB/IEHO KONMMBAIbHY JVHAMIKY Hy6}1if<auir7[ i3 mikom y 2019 poni Ta noganpmyM SHIDKEHHAM mmicna 2021
POKY, 1[0 MO>Ke Oy ITOB’sI3aHO 3 TYMYACOBUM 3MiIIeHHAM JOCTIAHUIbKOI akTUBHOCTI B Iepioy manaemii COVID-19. Hari6inbur
PO YyKTUBHUMM KpaiHaMmu BusHadeHo CrionyueHi lllTatn AMepuku, Benuky bpuranito ta Icnaniro. Cepent ycTaHOB-/IifepiB BUi-
neno Cardiff Metropolitan University Ta Loughborough University. KapryBanns cniB3ycTpidanbHOCTI K/IFOUOBUX CTTiB 1aJI0 3MOTY
BUOKPEMUTH I ATh OCHOBHIX TeMAaTUYHNUX KIacTepiB: (1) mefarorika riMHacTUKM Ta HABYAHHS CTY/EHTIB; (2) MOTOpHe HaBYaHHS
Ta KOOpPAMHALis pyxiB; (3) 6ioMexaHika Ta npodinakTrka Tpasym; (4) 310poB’si, MOTHBALiA Ta (i3nyHA aKTUBHICTB; (5) TEXHOTIO-
rivHo migTpumane ¢i3uuHe BUXOBAHH.

BucHoBku. Pesynbratu cBig4aTh, [0 JOCI/PKEHHS MIMHACTUKY y (i3SNYHOMY BMXOBAHHI €BOJIOLIOHYBA/IN Biff IIepeBaX-
HO 6iOMeXaHIYHOI Ta pe3y/IbTaT-OpiEHTOBAHOI IEePCIEKTUBU O OIIbII MDKAVCIUIUTIHAPHOTO HMiAXORY, AKNUIT IHTErpye acIeKTn
3[0pOB’sI, OCBITH Ta TeXHOJIOriil. PesynbTaTu ZOCIPKEHHS MOXKYTb OYTI BUKOPUCTaHI ZOCIIHUKAMY, BUK/Ia/fa4aMi Ta PO3-
po6HMKaMIM OCBiTHBOI MOMITUKY Ji/IA PO3BUTKY CHiBIIpalji, iHTerpauii nndpoBux iHCTPyMeHTIB HaBYaHHSA Ta BIIPOBAJPKEHHSA
IHHOBALIIVHMX IeJAarOriYHNX IPAKTUK Y HaBYaHHi T'IMHACTVUKIL.

KnrouoBi croBa: rivHacTiKa, BisndHe BuxoBaHH#, 6i0mioMeTpuaHMil aHai3, Scopus, HayKOBi TeH/IeHIii.
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