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Abstract

The field of medical education faces a significant challenge in teaching human anatomy, a
fundamental aspect of medical science that is often perceived as complex and demanding.
Understanding the shapes and anatomical structure locations is crucial for students to
master the intricacies of anatomy. Visuospatial ability, which involves comprehending
three-dimensional structures and their spatial relationships, plays a pivotal role in
anatomy learning. The aim of this study was to examine keywords, territories/countries,
the number of publications, institutions, authors, and associated journals related to
visuospatial ability in anatomy learning through extensive bibliometric analysis. Data
were gathered from the Scopus database, and VOSviewer was employed to conduct a
bibliometric analysis. Approximately 552 eligible articles were examined in their entirety.
The findings indicated that the most significant research growth occurred in 2012, with
the United States of America emerging as the leading country in the field. Furthermore,
Anatomical Science Education was recognized as the most esteemed journal in this field,
with Wilson, T.D. being credited as the most influential author. The bibliometric data also
demonstrated various approaches to improve visuospatial capacity in anatomy learning,
such as utilizing virtual reality or other computer-assisted learning modalities and their
integration into medical education practice. In conclusion, these findings highlight the
critical role of visuospatial ability in facilitating the acquisition of anatomical knowledge
and offer direction for future research in this area.

Keywords: Visuospatial ability, anatomy learning, bibliometric analysis, scientific
mapping, education

Introduction

As one of the most essential subjects in medical science, anatomy is frequently perceived as

difficult by students because of its complex and detailed characteristics. Visual information plays
a critical role in comprehending the shape and anatomical position components, making
visuospatial aptitude an essential factor in student efforts to understand anatomy [1].
Visuospatial ability, a concept to understand three-dimensional structures, locations, and object
manipulations, is crucial for attaining a full grasp of anatomy [2]. Within the context of constantly
progressing technology, the importance of visuospatial cognition in anatomy learning is growing,
especially when multimedia modalities are incorporated [2,3]. The application of multimedia
technologies such as virtual reality (VR) and augmented reality (AR) has fundamentally
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transformed the examination of human anatomy. This technology provides adaptable and
immersive platforms for the presentation and exploration of anatomical structures, particularly
in situations where physical models may be restricted or expensive maintenance costs [4,5].

Despite ongoing efforts to enhance anatomy education, there are still gaps in understanding
the correlation between these educational interventions and their impact on visuospatial abilities
[6,7]. Further research is essential to evaluate the effectiveness of interventions aimed at
improving visuospatial skills to enhance the overall understanding of anatomy. This research
should provide valuable insights for future directions of educational strategies, focusing on the
enhancement of visuospatial abilities to optimize anatomy learning outcomes particularly [3].

Bibliometric analysis is a well-established method that utilizes statistical and mathematical
techniques to evaluate various knowledge sources quantitatively and qualitatively, including
journal articles [8]. This approach plays a crucial role in discerning active research areas,
potential collaborators, famous topics, engaging trends, and research directions in the future.
This method aids in recognizing influential authors, institutions, countries, journals, highly cited
papers, and prevalent research themes, which are essential for understanding the current
research landscape, pinpointing gaps, recognizing opportunities, and guiding future research
endeavors [9]. Moreover, bibliometric analysis allows for tracking trends over time, enabling
researchers to stay abreast of the newest developments in their fields [8,9]. By employing
bibliometric analysis, researchers can evaluate the effect and productivity of studies in fields such
as anatomy learning and visuospatial ability. Visual techniques were performed to generate a
knowledge map of this field, providing insights into important terms, territories/countries,
publication counts, institutions, authors, and journals in the context of investigating visuospatial
ability in learning anatomy.

By leveraging bibliometric techniques, researchers can obtain valuable insights into the
current research state and potential research directions with key contributors in a particular field,
facilitating informed decision-making and fostering future advancements in knowledge. The
findings from this analysis were instrumental in highlighting potential research areas for further
exploration. The aim of this study was to identify emerging research trends regarding anatomy
learning and visuospatial ability from the existing literature by analyzing keywords or co-
occurrence, countries/territories, publication numbers, institutions, authors, and journals, which
are essential as it highlights promising directions for future research, innovations, and utilization
within the biomedical field.

Methods

Bibliometric data were retrieved from the Scopus database, which is acknowledged for its
extensive compilation of curated abstracts and citations, thus serving as a primary bibliometric
data repository. Data from the Scopus database were collected and integrated into the ultimate
data analysis procedure in Vosviewer. Inclusion criteria comprised research papers published
from 1998 to 2023, the period during which a number of publications regarding this topic were
consecutively produced each year as of December 6, 2023. Closed-access and non-English
journals were excluded from the analysis.

Data analysis
The entire publication dataset was transferred to the VOSviewer version 1.6.18, a tool used to
perform bibliometric analysis and create visual displays. In this investigation, VOSviewer was
utilized to examine co-occurrence patterns visually. The rings depicted the nations' dispersion
and the keywords provided by the authors. The proximity of the circles denoted the degree of
correlation between phrases, with greater distances implying weaker associations. The
visualization employed a diverse palette of colors to depict various clusters of terms distinctly.
The size of the circles corresponded directly to the word frequency. Moreover, line thickness
precisely depicted the intensity of the links between words. Larger Circle diameters signified
higher phrase frequencies [9].

Data was collected from Scopus’s database using the results menu analysis. This allowed for
insights into the growth trajectories of research, prolific authorship, national publication trends,
prevalent publication genres, and highly cited journals. The article data was exported in CSV
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format using VOSviewer, allowing for the visualization and analysis of trends. This facilitated the
creation of a keyword map by identifying shared networks. The approach and results of the data
retrieval and analysis are illustrated in Figure 1.

("visuospatial" or " visual" or "spatial" and
"anatomy" and "learning" and "education™)

Scopus database (n=552)
Publication 1998—2023

[ Visualization using VOSViewer ]

[ Generating tables and figures ]

[ Data interpretation and analysis ]

Figure 1. Search strategy and data processing method (flow diagram).

Results

Historical background

The initial exploration of visuospatial ability and anatomy learning dates back to a 1973 article
titled "Radiology in a new medical school” [10]. While this article represents an early milestone
in the study of these concepts, it was excluded from the bibliometric analysis due to non-
compliance with inclusion criteria. Nonetheless, this historical piece marks the nascent stages of
research into the intricate relationship between visuospatial abilities and anatomy learning. The
article sheds light on the early endeavors to understand the complexities of visuospatial cognition
in the context of anatomical studies, laying the foundation for subsequent research in this
domain.

Analysis of global publication trends

The number of research papers on visuospatial ability and anatomy learning exhibited significant
fluctuations between 1998 and 2023, as depicted in Figure 2. The number of publications
annually showed both upward and declining trends, with the most significant increases observed
during the periods of 2016—2017 (57.69%), 2022—2023 (60.61%), and 2018—2019 (64.29%). This
variation indicated an increasing worldwide interest in visuospatial aptitude, specifically
regarding the acquisition of anatomical knowledge.
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Figure 2. Trends in research.

Core analysis of the journals

Top peer-reviewed publications published with a high number of works in anatomy learning and
visuospatial ability fields over the past 24 years are presented in Figure 3. The three highest-
ranked journals were Anatomical Sciences Education (with an H index of 71 and Scimago Journal
Rank (SJR) of 1.57 in 2023), Clinical Anatomy (with an H index of 88 and SJR of 0.72 in 2023),
and Medical Science Educator (with an H index of 24 and SJR of 0.56 in 2023). Evidence supports
the status of these journals as preeminent research publications on a global scale.

Anatomical Sciences Education 131
Clinical Anatomy 15
Medical Science Educator a
Advances in Experimental Medicine and Biology 1
BMC Medical Education 11
Studies in Health Technology and Informatics 1
World Neurosurgery
Advances in Physiology Education
Annals of Anatomy

Academic Radiology

C1-1-1-1:1:1:|: ]+

Figure 3. Top ten journals with the most publications in visuospatial ability and anatomy learning.

Most productive authors and publications

The top ten contributors who have made the most significant contributions to publications about
visuospatial ability and anatomy learning published in Scopus journals are presented in Figure
4. Wilson TD. has authored around thirteen publications, establishing themselves as the most
prolific authors on the list. Keenan ID., Seo JH., and Vorstenbosch MATM. each produced seven
publications, while Pine M. authored five papers. Bernardo A., Border S., Cook M., De
Ribaupierre S., and Fung K. each had four additional articles. Each author has made significant
contributions to the fields of visuospatial ability and anatomy learning by producing numerous
papers. Furthermore, Table 1 concisely summarizes the top 10 publications with the highest
citation counts.
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Figure 4. Top contributing authors’ research in visuospatial ability and anatomy learning
collectively.

Table 1. Most valuable publications by citation counts

Rank Authors Title Journal Cited by
1 Preece D et al. [11] “Let’s get physical”: Advantage of Anatomical Science 270
a physical model over 3D Education

computer model and textbook in
learning imaging anatomy

2 Garg AX et al. [12] How medical student learns The Lancet 266
spatial anatomy
3 Bernardo A [13] Virtual reality and simulations in ~ World Neurosurgery 211
neurosurgical trainings
Jang S et al. [14] Directly manipulation is better Computers & 201
4 than passive viewing for learning  Education

anatomy in a three-dimensional
virtual reality environment
5 Yammine Ketal. [15]  Meta-analysis of the educational ~ Anatomical Science 191
effectiveness of three- Education
dimensional visualization
technologies in teaching anatomy
6 Maresky HS et al. [16]  Virtual reality and cardiac Clinical Anatomy 158
anatomy: Exploring immersive
three-dimensional cardiac
imaging, a pilot study in
undergraduate medical anatomy
education
7 Khot Z et al. [17] The relative effectiveness of Anatomical Science 155
computer-based and traditional Education
resources for education in

anatomy

8 Guillot Aetal. [18] Relationship between spatial Advances in Health 155
abilities, mental rotation, and Sciences Education:
functional anatomy learning Theory and Practice

9 Levinson AJd et al. [1] Virtual reality and brain Medical Education 153

anatomy: A randomised trial of
e-learning instructional designs

10 Hegarty M et al. [19] How spatial abilities enhance, Learning and 144
and are enhanced by dental Individual Differences
education

Top ten countries of authors based on number of publications
The top ten countries ranked by publications number in the subject of visuospatial ability and
anatomy learning are pointed out in Figure 5. The United States of America had the highest
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number of publications on visuospatial ability and anatomy learning, with 179 articles (35.06%).
The United Kingdom and Canada followed with 59 articles (11.30%), Germany with 34 articles
(6.51%), Australia with 26 articles (4.98%), India with 24 articles (4.6%), the Netherlands with
22 articles (4.21%), France and Spain with 16 articles each (3.07%), and China with 15 articles
(2.87%). Indonesia was ranked 17th with eight publications, accounting for 1.53% of the total.

United States 179
United Kingdom
Canada
Germany
Australia

India
Netherlands

France

[N

ol B B NN
Illwhgw
N
oo
oo

Spain

=

China

[y

-20 30 80 130 180
Number of published paper

Figure 5. Top countries of authors based on the number of publications.

Types of publication in the field of visuospatial ability and anatomy learning
The majority of the publications, accounting for 75.5%, were journal articles, with 395 documents.
Conference papers comprised 13.2% of the publications, with a total of 68 documents (Figure
6). Subsequently, 29 papers (5.4%) were in the review category, and 20 documents (3.9%) were
categorized as book chapters. Additional types of publication encompass conference reviews,
notes, books, and editorials, in that order.

0.60%__0.60% _0.40% 0.40%

3.90%

m Article

m Conference paper
m Review

13.20%

m Book chapters

m Conference review

75.50%

m Note
Book

m Editorial

Figure 6. Types of publication.

Visualization of networks

The overlay visualization illustrates the progression of research topics from 1998 to 2023, offering
a thorough perspective on their evolution throughout time. Each link can track the shifting focus
and patterns in research within this discipline by adopting a historical viewpoint, reflecting the
progression of knowledge and scientific priorities across time. Overlay visualization is a method
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for presenting bibliometric networks by using different colors to represent changes over time.
Items are colored according to their scores or custom colors. For scored items, the default color
scheme ranges from blue for the lowest scores, green for mid-range scores, and yellow for the
highest, as illustrated in Figure 7. A network visualization that illustrates the linkages across
analyzed locations, which are organized into five distinct clusters, is presented in Figure 8. Each
cluster had multiple keywords that exhibited a significant level of agreement in the map structure.
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Figure 7. Overlay visualization of visuospatial ability for anatomy learning publication co-
occurrence map using VOSviewer.
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Figure 8. Co-occurrence of network visualization in the visuospatial ability for anatomy learning
publication co-occurrence map using VOSviewer.
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Each cluster has distinct high keyword frequency occurrences that indicate the research
topics that have been previously investigated. The top three clusters with the highest frequency
of occurrence in their respective words were identified. The initial first cluster comprised the
occurrence of the following phrases: virtual reality (65), anatomy education (47), and 3D printing
(23), whereas the second cluster was characterized by anatomy (68), education (47), and e-
learning (19) as the most notable shared term. The third cluster consisted of medical education
(126), gross anatomy instruction (83), and undergraduate education (38). Comprehensive
information on the outcome of the cluster analysis is provided in Table 2.

Table 2. Result of cluster analysis

Clusters Top keywords Other keywords

Red-26 items Virtual reality (65), anatomy Gross anatomy (20), simulation (16), anatomy
education (47), and 3D teaching (14), medical students (10), training (9),
Printing (23) assessment (8), computed tomography (7),

surgical education (7), ultrasound (7), anatomical
models (6), cadaver dissection (6), neurosurgery
(6), body painting (5), cognitive load theory (5),
dental students (5), drawing (5), evaluation (5),
mental rotations test (5), science education (5),
surgical simulation (5), undergraduate (5), visual
literacy (5), and visualization (5)

Green-24 items Anatomy (68), education (47), Teaching (15), dental education (14),

and e-learning (19) neuroanatomy (14), curriculum (12),
undergraduate medical education (12), cognitive
load (9), 3d (7), computer-assisted instruction
(7), educational technology (7), medical (6),
photogrammetry (6), teaching methods (6), 3d
visualization (5), computer simulation (5), dental
anatomy (5), embryology (5), multimedia (5),
surgery (5), three-dimensional (5), and
ultrasonography (5)

Blue-22 items Medical education (126), gross  Augmented reality (28), spatial ability (26),
anatomy education (83), and learning (22), covid-19 (12), spatial abilities (12),
undergraduate education (36)  neuroanatomy education (10), mental rotation

(9), mixed reality (8), active learning (7),
cognition (6), mental rotation test (6), pedagogy
(6), students (6), visual learning (6), academic
performance (5), cadaveric dissection (5),
functional anatomy (5), online learning (5), and
technology-enhanced learning (5)

Yellow-5 items Dissection (13), human Anatomical education (6) and cadavers (5)
anatomy (11), and medical
imaging (7)

Violet-2 items Computer-assisted learning -

(10) and animation (5)

The number in bracket represents the occurrence of each keyword

Discussion
Visuospatial ability is a critical factor in anatomy learning within medical education. Research
has demonstrated a reciprocal advantage in learning anatomy and enhancing spatial ability,
indicating that challenging spatial aspects of anatomical knowledge can positively influence
students' learning outcomes [20]. Anatomy learning is a fundamental aspect of medical
education, requiring students to grasp the intricate spatial relationships within the human body.
Visuospatial ability, which involves understanding and manipulating three-dimensional
structures, is crucial for effective anatomy learning. It plays a significant role in tasks such as
interpreting medical images, comprehending spatial relationships, and performing procedures
that require precise hand-eye coordination [21]. The utilization of virtual reality (VR) and three-
dimensional (3D) model tools is particularly beneficial for low spatial ability students, improving
their post-session knowledge levels comparable to those with high spatial ability [22].
Incorporating multimedia modalities and advanced technologies like VR, AR, and 3D-
printing has transformed the study of human anatomy, providing immersive platforms for
visualizing anatomical structures interactively. Innovative tools such as virtual dissection and
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three-dimensional models have been developed to offer interactive and immersive learning
experiences [23]. Extensive research consistently emphasizes the importance of visuospatial
skills in comprehending the complexities of anatomy. Individuals with high visuospatial abilities
typically excel in grasping spatial concepts in anatomy, leading to enhanced academic
performance [4]. Additionally, providing students with the ability to rotate and view anatomical
structures from different angles freely has been found to impact the performance of students with
different visuospatial abilities in anatomy tests [4,33]. Understanding the connection between
visuospatial abilities and anatomy learning is essential for optimizing educational approaches
and improving student outcomes.

Within the field of medical education, the conventional method of cadaveric dissection is
changing to include more advanced technologies like 3D models and digital imaging for human
anatomy study [24]. Furthermore, AR applications and online dissection courses have become
increasingly widespread, particularly in response to challenges such as the Coronavirus disease-
19 (COVID-19) epidemic. These challenges have required the adoption of creative teaching
methods to improve students' visuospatial abilities [25,26]. Furthermore, studies have
underscored the correlation of spatial abilities with anatomy learning, suggesting that enhancing
spatial ability skills can significantly contribute to practical anatomy learning and should be
integrated into anatomy education [3,27,29].

Additionally, the integration of innovative technologies like augmented reality and
interactive 3D models has been explored to enhance neuroanatomy learning, demonstrating their
effectiveness in enhancing knowledge acquisition and student satisfaction [26]. By
acknowledging the significance of visuospatial abilities in medical education and incorporating
tailored interventions and technologies, educators can optimize student’s learning processes and
competency development in anatomy and medical practice.

The development of visuospatial ability is crucial for tasks demanding precise spatial
cognition and motor coordination in medical practices, such as ultrasound-guided procedures
and surgical interventions. Novices' learning procedures, like real-time ultrasound-guided needle
manipulation, may be influenced by their inherent visuospatial ability, affecting their spatial
cognition and motor coordination [28]. Interventions targeting the enhancement of visuospatial
abilities have been shown to positively impact learning outcomes in visuospatial science domains,
indicating the potential for improving educational achievements through focused training [29].

To enhance anatomy education, the integration of computer-assisted learning (CAL) has
become an integral component of modern anatomy education, offering innovative approaches to
enhance student's understanding of complex anatomical structures, such as interactive
multimedia and virtual reality applications. These technologies have revolutionized the teaching
of anatomy by providing students with dynamic and engaging learning experiences [30,31]. They
facilitate the visualization of anatomical structures and cater to different learning styles,
benefiting students with varying visuospatial abilities [32,1]. Studies have shown a positive
correlation between high visuospatial ability and improved performance on practical anatomy
examinations, underscoring the importance of these skills in acquiring anatomical knowledge [4].
Educators are advised to adopt flexible curriculum delivery and assessment strategies to
accommodate students with varying levels of spatial ability, ensuring equitable learning
experiences [33].

The main limitation of this bibliometric investigation is the reliance on a solitary database.
Therefore, certain articles regarding visuospatial ability and anatomy learning have not been
included. Scopus was selected as the preferred medical database due to its wide variety of
information and advanced search analysis features. Performing concurrent searches in multiple
databases may slightly enhance the outcomes of the literature. Although there are limitations, the
results offer vital insights into the important contributions to research on learning about
visuospatial-related anatomy. This study also provides a framework for future investigations.

Conclusion

A total of 552 academic papers were acquired from the Scopus database. Some key findings
showed the most substantial growth in publications from 2018 to 2019, and anatomical sciences
education was recognized as the most esteemed journal within the field. Furthermore, Wilson
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TD. produced the most significant research contributions, and the United States was the most
productive country. The utilization of virtual reality and 3D printing models in anatomy
education aims to enhance students' visuospatial abilities and improve their theoretical
knowledge and practical skills. Additionally, the assessment of student satisfaction with these
techniques suggests that further investigation into these topics is warranted. The bibliometric
findings can provide a foundation for future prospective studies, specifically targeting important
areas that are impacted by visuospatial abilities, such as virtual reality and anatomy instruction.
This will enhance the progress of anatomy education and facilitate its wider use. Further research
in this area is essential to bridge existing gaps and improve strategies for enhancing visuospatial
abilities in anatomy education.
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