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Abstracts: Gross motor skills refer to fundamental motor skills such as running, walking, crawling, jumping and catching.
This domain requires adequate coordination of muscular, skeletal and nervous system activity. The objective was to
perform a bibliometric analysis of the literature indexed in Scopus on gross motor skills in students of the initial level,
between 2003 and 2023. Methodologically, it was a quantitative bibliometric study. The scientific production indicators
were generated from 498 documents selected from Scopus using keywords in English ("gossip”, "motor", "skills",
"childhood"). From 2016 to 2022, published papers increased (66.1%), indicating a growing interest in the subject of
study. The United States is the country with the most scientific production (21.3%; n=157), and the University of
Wollongong in Australia, has the most publications (n=21). The International Journal of Environmental Research and
Public Health published 24 papers, while the most cited was Developmental Medicine and Child Neurology with 707
citations, with author Goodway, J.D. (n=10 papers) being the most cited (n=682). From the studies analyzed, it is
concluded that the early stages of a child's life are vital for the growth of gross motor skills, which in turn fosters the
acquisition of knowledge, independence and confidence. Consequently, early learners can benefit from physical activity,
as it helps them refine their motor skills by giving them the opportunity to work on balance, control and coordination.
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1. INTRODUCTION

Humans depend on their ability to move to achieve many of the most fundamental survival goals, such as
exploration of the environment around them, social connection and language, as a means to form relationships with
others and socialize (Andrey-Bernate & Tarzona-Buitrago, 2020; Murcia & Corvetto, 2021).

In that order of ideas, according to Landa et al. (2023), a person's motor skills, which have been developing
since childhood, include the ability to perform a wide range of actions, from the simplest to the most complex. Thus,
coordination of the body with thought or reason includes precise movements, for which gross motor skills are a
prerequisite (Garcia et al., 2021). The body, in other words, will move of its own volition (Osorio-Rivera et al., 2019).

Coupled with this, the ability to regulate specific movements arises from the development of motor skills unique
to the child, which is a crucial part of the maturation process (Simbafia-Haro et al., 2022). Consequently, motor
control is centered in the thalamus and subthalamus, which also provide coordination capabilities and adequate
body mass functionality (Agrela, 2022).

Gross motor skills, on the other hand, encompass any process that requires the use of the body, including,
among others, the following actions: coordination and laterality, a high level of balance, as well as the
synchronization that exists when performing movements of large bone, muscle and nerve groups, daily activities of
children (Leén et al., 2021; Mamani et al., 2019).

In recent decades, the importance of early education for the overall growth and development of the child has
been recognized and included in the design of educational institutions (Alonso & Pazos, 2020). Therefore, it is
crucial to incorporate physical education in early education as a means to foster the growth of gross motor skills and
the opportunity for bodily expression, on the basis that its potential as a pedagogical tool is justified by the
importance given to the physical and motor development of the whole child (Bernate, 2021; Navarro & Zambrano,
2021).
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On the other hand, Pifia et al. (2020) demonstrate that gross motor skills can be greatly improved in children if
they participate in a program of moderately active play activities. Human beings grow and change throughout their
lives, and physical activities cater to all these stages of growth (Ramirez-Aguirre et al., 2021). Furthermore, it
should be noted that physical education plays a crucial role in the development of children because it fosters the
acquisition of motor skills, attitudes, abilities and attitudes, through the repeated practice of playful activities and
tactics that involve the use of body movements created by the voluntary action of muscle tissue (Rodriguez et al.,
2020).

Given the importance of the topic, several investigations have been conducted to explore the fundamentals
associated with gross motor development at the early level involving physical education (Alvarez & Pazos, 2020;
Gavilanes et al., 2023). Because it fosters growth in all the key domains that together make up the child's mind and
body, motor maturity serves as a foundation for overall comprehensive development.

On the other hand, bibliometrics refers to the practice of calculating and evaluating quantitative data on literary
works and other published materials (Cal6, 2022). In other words, bibliometric analysis helps researchers to track
the evolution of scientific writings, to make inferences about the importance of works and, most importantly, to
allocate available resources wisely (Leyva et al., 2023). In addition, it is used for databases containing scientific
data in order to provide reliable details about the results and procedures involved in scientific discovery (Sanz,
2022). Thus, to quantify the results of the metric analysis of scientific production related to this topic or to various
fields of study, bibliometric indicators are developed (Escandon & Rondan, 2021; Pimenta et al., 2020).

According to Arufe-Giraldez et al. (2021), movement is considered a means of expression, connection and
communication, and as such, motor skills are crucial for comprehensive character formation, as play helps children
grow cognitively, emotionally and socially alongside their physical development. According to Vélez and Trivifio
(2022), motor education is important for children, since it favors the acquisition and growth of psychomotor
aptitudes, abilities, habits and skills that favor complete, harmonious and integral growth in the early stages of life.

Therefore, in order to better explain and portray the academic community's understanding of students' gross
motor patterns, it is necessary to categorize the material according to publication, country, subject area, type of
document, source and authorship. Based on this premise, the study aims to conduct a bibliometric analysis of the
literature indexed in Scopus on gross motor skills in early childhood students, between 2003 and 2023.

2. MATERIEL AND METHODS

The academic production on the topic of gross motor skills of pre-school students was analyzed using
bibliometric methods. Bibliometrics was used to collect the data and perform the analysis of the information, which
produced qualitative and quantitative results (Salinas and Garcia, 2022). Additional information was extracted from
Elsevier's Scopus database, which includes international publications from the last twenty years (2003-2023).

Subsequently, the information was selected based on its abstract, title or keywords using the search formula
("gossip" AND "motor" AND "skills" AND "childhood") (Ferreira et al., 2021; Wang et al., 2023). Filters were also
developed from the collected information. After applying filters based on different descriptors, such as year of
publication (2003-2023) and document type, the relevant metadata were extracted. Using this method, a total of 580
records were collected, from which a representative sample of 498 documents could be extracted after eliminating
duplicates and normalizing the metadata.

Finally, the frequency of recurrence of specific terms was analyzed by running a keyword co-occurrence analysis
on the data collected from the scientific production. This work employs a quantitative bibliometric analysis of the
academic literature on gross motor skills in early learners at the global level (Florez-Fernandez & Aguilera-Egua,
2020) to determine: the year of publication of the document, its source or journal, its country of origin, authors, type
of document, subject area and institutional affiliation of the most influential authors in this field. VOSviewer V_1.6.19
was also used to view the co-occurrence and source density map data, while Excel was used to compile and
evaluate the descriptive statistics.
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3. RESULTS AND DISCUSSIONS

For the bibliometric analysis, 498 articles were selected from Scopus, all focused on gross motor skills in early
learners and published between 2003 and 2023. Figure 1 shows an annual increase of 66.1%, or 329 additional
scientific papers, in output between 2016 and 2022. In addition, 2020 was the year with the most publications
(n=60, 12%) worldwide.
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Figure 1. Papers published by year.

Table 1 summarizes the contribution of 73 countries to scientific production, focusing on the nations that have
published the most relevant research on the topic studied. In terms of the number of articles published, the United
States ranks first (21.3%; n=157), followed by Australia (10%; n=74) and Brazil (6.2%; n=46). Likewise, most of the
papers are published in English (97%), and only 3% in Spanish or Portuguese.

Table 1. Publication of papers by country.

N county | gocuments | * | N County | gocuments | %
1 United States 157 21.3% 18 Sweden 11 1.5%
2 Australia 74 10.0% 19 France 9 1.2%
3 Brazil 46 6.2% 20 Japan 9 1.2%
4 Canada 45 6.1% 21 Finland 8 1.1%
5 K%r;g%dm 43 58% | 22 India 8 1.1%
6 China 22 3.0% 23 South Korea 7 0.9%
7 Italy 21 2.8% 24 Switzerland 7 0.9%
8 Spain 21 2.8% 25 Turkey 7 0.9%
9 Belgium 19 2.6% 26 Chile 6 0.8%
10 Netherlands 19 2.6% 27 Ireland 6 0.8%
11 South Africa 18 2.4% 28 Israel 6 0.8%
12 Portugal 17 2.3% 29 New Zealand 6 0.8%
13 Norway 13 1.8% 30 Poland 6 0.8%
14 Germany 12 1.6% 31 Greece 5 0.7%
15 Hong Kong 12 1.6% 32 Colombia 4 0.5%
16 Iran 12 1.6% 33 Undefined 71 9.6%
17 Denmark 11 1.5% Total countries 73

This study uses information extracted from 140 academic sources as a source of data. Table 2 lists the main
journals that published the most papers on this topic. The International Journal of Environmental Research and
Public Health published the most papers (n=24), followed by BMC Pediatrics (n=15), Journal of Motor Learning and
Development (n=14), Research in Developmental Disabilities (n=12) and Research Quarterly for Exercise and Sport
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(n=11). Similarly, U.S. journals tend to be among the most influential in the world; the vast majority rank in the top

two quartiles of the impact factor.

Table 2. Publication of documents by source or journal.

Number of
Source or Source or Number of . Number of
- document - Source or Magazine
Magazine S Magazine documents documents
International
Journal of Archives of
Environmental 24 Physical Medicine 5 Pediatrics 4
Research and and Rehabilitation
Public Health
- Brain and Adapted Physical
BMC Pediatrics 15 Development 5 Activity Quarterly 3
Journal of Motor .
Learning and 14 Children 5 Early ) Childhood 3
Education Journal
Development
Research in Early Child
Developmental 12 Development and 5 Gait and Posture 3
Disabilities Care
Research
Quarterly for Perceptual and
Exercise and 1 Motor Skills 5 JAMA Network Open 3
Sport
Developmental Journal of Pediatric
Medicine and 10 Plos One 5 Rehabilitation 3
Child Neurology Medicine
Journal of Science .
and Medicine in 10 BMC Public Health 4 Journal of Physical 3
S Activity and Health
port
Developmental European Jogrngl Journal of Physical
S 8 of Paediatric 4 } . 3
Neurorehabilitation Education Maringa
Neurology
’ . ! ) Medicine and
Ersorétrlglz n 8 Ersorétrl]?;?r n 4 Science in Sports and 3
Y oy Y y Exercise
International
. Journal of
g:cljldnga;g ':neearﬁh 7 Behavioral Nutrition 4 Nutrients 3
P and Physical
Activity
! . International
Frontiers n 7 Journal of Pediatric 4 Retos 3
Pediatrics )
Obesity
Journal of
BMJ Open 6 Paediatrics and 4 Undefined 137
Child Health
Physical
Education and 6 Jom_JrnaI of Sports 4 Total Source 140
Sciences
Sport Pedagogy

Using data from the five most cited journals in the world, Figure 2 plots the evolution of research on gross motor
skills in pre-school children. The publication of academic papers in the International Journal of Environmental
Research and Public Health has remained constant since 2014, with the maximum number of publications occurring
in 2020 (n=8). Also, between 2012 and 2022, 15 scholarly papers were published in BMC Pediatrics, with 2020
being the year with the highest number of published papers (n=3).
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Figure 2. Publication of documents in major sources

A literature clustering analysis was performed using the data from the selected sources to identify the clusters of
publications (Figure 3). Five major clusters emerge from this analysis: the first focuses on the source
Developmental Medicine and Child Neurology (707 citations), the second on Research Quarterly for Exercise and
Sport (671 citations), the third on the source Journal of Science and Medicine in Sport (417 citations), the fourth on
Research in Developmental Disabilities (300 citations), and the fifth focus on the source Journal of Motor Learning
and Development (236 citations). In other words, the analysis of bibliographic citations shows a strong connection
between highly cited papers published in the same journals and primary sources.

Figure 3. Source or journal clustering density map.

The 498 research papers were the result of collaboration among scholars from 150 institutions. Figure 4 shows
that, during the specified study period, the highest number of research papers on gross motor skills of early learners
was published by the University of Wollongong (n=21) in Australia, followed by Deakin University (n=18) and finally
the University of Queensland (n=17). While the University of South Carolina produced 16 papers respectively,
compared to the University of S&o Paulo and the University of Sydney with 14 scientific publications respectively.
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Figure 4. Papers published by institution.

A total of 140 authors from 150 different institutions participated in the papers. Table 3 shows that Okely, A.D. is
the researcher with the most scientific publications (n=14). It also shows that Brian, A. and Jones, R.A. have 11
scientific papers each. While Goodway J.D. and Temple V.A. each have ten papers in their name.

Table 3. Papers published by author.

. Total . Total

By author Quantity citations By author Quantity citations
Okely, A.D. 14 406 Lenoir, M. 6 535
Brian, A. 11 236 Naylor, P.J. 6 126
Jones, R.A. 11 262 Robinson, L.E. 6 271
Goodway, J.D. 10 682 Stodden, D.F. 6 152
Temple, V.A. 10 193 Veldman, S.L.C. 6 206
Barnett, L.M. 9 507 Boyd, R.N. 5 90
Draper, C.E. 8 131 Crane, J.R. 5 110
Cattuzzo, M.T. 6 82 Hinkley, T. 5 112

In addition to the study of publications by author, Figure 5 shows the most cited authors in the field of gross
motor skills of early learners: Goodway, J.D. tops the list with 682 references. While Lenoir, M. (n=535), Barnett,
L.M. (n=507) and Okely, A.D. (n=406), receive a significant number of citations in published works. Robinson, L.E.
(n=271) is the fifth most cited author.
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Figure 5. Most cited papers by author.

Table 4 shows all the papers published throughout the research period (2003-2023) dealing with gross motor
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skills in early childhood education students, organized thematically and by type of publication. The results show
that, out of a total of 20 different thematic areas, the combined bibliographic production in the fields of medicine and

psychology represents 57% of the overall total.

Table 4. Publication of documents by thematic area and type.

By area Quantity %

Medicine 374 44%
Psychology 107 13%
Neuroscience 104 12%
Social Sciences 67 8%
Health Professions 55 6%
Biochemistry, Genetics and Molecular Biology 42 5%
Environmental Science 28 3%
Nursing 28 3%
Arts and Humanities 9 1%
Multidisciplinary 7 1%
Other areas 28 3%

Total 849 100%
By type Quantity %

Article 485 97.4%

Book Chapter 12 2.4%

Book 1 0.2%

Total 498 100%

Likewise, Figure 6 shows the proportion of scientific production that goes to medicine (44%), psychology (13%)
and neuroscience (12%). Furthermore, when the production is analyzed in terms of the different types of documents
created, it can be seen that scientific articles account for most of the production (97.4%), followed by book chapters

(2.4%) and books (0.2%).
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Figure 6. Publication of documents by subject area.

Selecting terms appearing more than five times in the title, keywords, and abstract fields yielded the data shown
in Figure 7. Each color was assigned to a set of conceptually related words based on their degree of linkage

estimated using VOSviewer.

¢ Red cluster. "motor skills" (n=231 occurrences), clusters the following words: physical activity,
children, body mass, schoolchild, body mass index, cross-sectional studies, motor activity.
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e Yellow cluster. "motor development" (n=175 occurrences), is associated with the words: gross
motor test, childhood, child health, controlled study, early childhood.

¢ Blue cluster. "child development" (n=141 occurrences), is associated with the words: age, infant,
age factors, developmental disorder, newborn, developmental disorder.

e Green cluster. "gross motor function" (n=123 occurrences), refers to a cluster of related words
including: cognition, psychology, motor disorders, motor dysfunction, pathophysiology, infant disease.

The groupings reveal that the most frequently used terms are closely related to the area of research.
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Figure 7. Map of keyword co-occurrence.

The results reveal that there is an upward trend in the number of academic papers published each year on the
topic of gross motor skills in early learners, with the highest total number of publications in 2020, 2021, and 2022
(n=170; 34%). According to Villacis (2023), he notes that in recent years there has been an increase in the number
of academic papers addressing this topic. This is because research has demonstrated the importance of motor
education adopting a holistic and systemic approach in its study of human movement, paying attention to the growth
of the interpersonal, communicative, expressive and operative aspects of character, as an integral element of being,
doing and relating (Pinargote et al., 2019).

On the other hand, the University of Wollongong, was the most productive academic institution in terms of
development, with 21 total publications. In addition, the United States leads the world scientific production, with
21.3%, with English being the main language of almost all publications (97%). Also, the author with the most
published papers was Okely, A.D. (n=14), however, the author with the most citations (n=682) was Goodway, J.D.,
of The Ohio State University. Also, it was evident that most of the articles were published in the journals:
International Journal of Environmental Research and Public Health (n=24) and BMC Pediatrics (n=15). However,
the most influential and cited publications were Developmental Medicine and Child Neurology (n=707) and
Research Quarterly for Exercise and Sport (n=671).

According to Dominguez et al. (2022), they argue that without international cooperation, no progress can be
made in advancing the momentum of academia. Thus, the development of motor skills is crucial, as doing so results
in the growth of mental, physical, and spiritual faculties as a result of the rational practice of activities (Elles et al.,
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2021). The academic world benefits from this because experiences and experiences are a very important source of
learning, so the priority assigned to the body in the school context can be analyzed (Ochoa-Martinez et al., 2020).
Therefore, it is essential that children have the opportunity to relate to their bodies at school through gross motor
practice, so that school is not only a place where information is transmitted, but also where ideas are generated and
shared (Chicaiza et al., 2023).

Likewise, interdisciplinarity is observed in fields such as psychology, neuroscience, social sciences, health
professions, among others, but the papers studied here stand out in the field of medicine. In addition, 97.4% of all
the papers produced were scientific articles. The most used keyword in this study is "motor skills"; however, other

keywords such as "motor development”, "child development", and "gross motor function" do not stray too far from
what was explored by the authors.

Therefore, motor skills are crucial because they foster students' motor activity, allowing them to fully develop in
all their fundamental movement patterns, in the domains of motor control, lateral thinking, object handling, and
balance (Rodriguez et al., 2019). This will lay the foundation for children to develop the skills they will need in the
future. In general, the subject of motor skills should focus on developing students' fundamental motor skills and their
full range of perceptual-motor abilities, while maintaining a link to the intellectual and affective dimensions (Rapray
et al., 2021; Gutiérrez et al., 2023). Therefore, it is imperative that educational centers place greater emphasis on
the teaching of motor skills, as they should form the basis of initial education (Caiza et al., 2023).

Finally, the keywords around gross motor skills in students point towards a multidisciplinary strategy, as
evidenced by applications in medicine, neuroscience, genetics and molecular biology, nursing, arts and humanities,
among others (Valdivia-Loro & S&nchez-Justo, 2023; Sanipatin & Delgado, 2022; Jiménez & Romero, 2019).
Consequently, the co-occurrence network provides a graphical representation of the core ideas shared by all
relevant papers and disciplines in the form of clusters (Castillejo et al., 2023).

CONCLUSIONS

Consistent with the objective of the study, a bibliometric analysis of papers indexed in Scopus from 2003 to 2023
worldwide found that research on the gross motor skills of entry-level students increased exponentially between
2016 and 2022 (accounting for 66.1%, or n=329). In addition, the United States also accounts for 21.3% (157
publications) of all scientific output from 73 countries.

In addition, the International Journal of Environmental Research and Public Health has published more articles
than any other journal (n=24). The University of Wollongong, meanwhile, has produced a total of 21 academic
papers. Meanwhile, Okely, A.D. is the author with the most scientific publications on gross motor skills in students
(n=14), while the most cited was Goodway, J.D. (682 citations). It was also observed that most of the papers were
scientific articles (97.4%), in the field of medicine (44%), psychology (13%) and neuroscience (12%). In addition, a
keyword analysis using the VOSviewer tool revealed that "motor skills" was the most frequent term (n=231
occurrences).

From the analysis of the 498 documents that make up the study sample, it is concluded that the development of
gross motor skills in early childhood is crucial for the discovery of the environment, exploration, confidence and self-
esteem. It is also a determinant of the good functioning of fine motor skills in later stages. Consequently, early
learners can benefit from early physical activity, as it fosters the development of motor skills and abilities by
providing opportunities to practice balance, control, and coordination of their bodies.
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