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Physics concepts are frequently abstract, microscopic, and dynamic in
nature, which can make them difficult for students to understand through
conventional instruction, and Virtual Reality (VR) has been increasingly
applied in physics education to provide immersive, interactive, and
visualization-based learning experiences; however, bibliometric data
specifically describing the development of VR research within physics
education remain limited, so this study was conducted to map the publication
trends, contributing countries, leading sources, and keyword relationships
associated with VR applications in physics education. This study used a
bibliometric literature review approach, guided by the PRISMA flow
diagram for document identification, screening, and eligibility, and
supported by VOSviewer for network visualization. We retrieved 332

documents published between 2020 and 2025 from the Scopus database
using the keywords "Virtual Reality" AND Physics AND Education. The
results show a fluctuating but overall increasing publication trend, with the
highest output in 2025, dominated by conference papers and led by the
United States, China, and India, with Indonesia among the top contributors.
Keyword mapping revealed "virtual reality," "physics education," and
"virtual laboratories" as the most interconnected themes. This study offers
novel insight into the intellectual structure of VR-physics education research
and concludes that immersive technology holds strong potential to advance
quality science education aligned with SDG 4.
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INTRODUCTION

In the current era of rapid technological transformation, education, including physics education, is
increasingly required to adapt through the integration of digital technology into teaching and learning
processes. This transformation is particularly relevant to physics, which is often perceived as a challenging
subject because many of its concepts are abstract, microscopic, and dynamic, making them difficult for
students to comprehend through conventional instruction alone. Topics such as electricity, magnetism,
waves, and modern physics require not only conceptual understanding but also the ability to visualize
phenomena and processes that are often difficult to observe directly. Consequently, the use of conventional
instructional approaches supported primarily by verbal explanations and static representations may be
insufficient to facilitate students' understanding of complex physical phenomena. In this context, digital
learning media offer opportunities to represent scientific phenomena through visualizations, simulations,
and interactive activities, enabling students to explore concepts that are difficult to demonstrate directly in
the classroom (Jupri & Sulisworo, 2024). Interactive digital learning environments can further promote
student engagement, facilitate scientific exploration, and develop problem-solving skills by allowing
learners to manipulate learning objects, observe simulated phenomena, and investigate relationships
between physical variables through active learning experiences (A'yun et al., 2026; Campos et al., 2022).
Therefore, the integration of visual and interactive digital media into physics education is increasingly
important as a means of addressing the abstract nature of physics concepts while supporting more active,
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meaningful, and effective learning experiences in accordance with the demands of technology-oriented
education (Matovu et al., 2023).

Virtual Reality (VR) has emerged as a promising educational technology for physics learning because
it provides immersive and interactive experiences that can facilitate the visualization of abstract and
complex scientific concepts (Zhao et al., 2023). Through three-dimensional virtual environments, students
can observe and interact with phenomena that are difficult to represent through conventional instructional
media, thereby supporting deeper conceptual understanding (Jupri & Sulisworo, 2024). The use of
immersive digital technologies has also been associated with increased learning motivation, student
engagement, and academic achievement by encouraging active participation and meaningful interaction
during the learning process (Korlat et al., 2024). Moreover, VR-based learning environments enable
students to explore scientific phenomena, manipulate variables, and conduct virtual experiments in safe and
controlled settings, which can support the development of problem-solving and higher-order thinking skills
(Castillo et al., 2025; Acevedo et al., 2024). These characteristics make VR particularly relevant to physics
education, where students are frequently required to construct mental representations of phenomena that
cannot be directly observed. However, despite the growing interest in immersive technologies and their
potential for physics learning, research specifically examining the use of VR in physics education remains
relatively limited. A systematic review of immersive VR research in post-primary science education
identified 30 studies, of which only 10 focused on physics, indicating that research attention remains uneven
across science disciplines (Tene et al., 2024). This limited representation suggests that, although VR has
demonstrated considerable potential for supporting physics learning, its application and effectiveness in
addressing the specific challenges associated with abstract physics concepts still require further
investigation.

Recent years have witnessed a significant increase in research on the application of Virtual Reality
(VR) in education, reflecting the growing recognition of immersive technologies as innovative tools for
enhancing teaching and learning processes (Elaish et al., 2025). Bibliometric studies have shown that VR
research has expanded rapidly across diverse educational contexts, with increasing scientific publications,
broader international collaborations, and evolving research themes related to immersive learning,
educational technology, and digital innovation (Rojas-Sanchez et al., 2023). Furthermore, recent analyses
indicate that VR research continues to diversify, encompassing various educational levels, disciplines, and
learning approaches while highlighting the growing influence of emerging technologies in contemporary
education (Samala et al., 2025). Similarly, (Abdullah et al., 2025) reported that the literature on immersive
VR has experienced substantial growth and has increasingly focused on improving learning effectiveness,
student engagement, and innovative instructional practices (Amarulloh & Aswie, 2024). Nevertheless,
these bibliometric studies have primarily examined Virtual Reality from a general educational perspective
and have not specifically mapped the development of VR research within the field of physics education
(Andriani et al., 2025; Yolla Yulia Astuti Y, Farida, 2021). Consequently, comprehensive information
regarding publication trends, influential authors, productive countries and institutions, collaboration
networks, keyword evolution, and emerging research themes in Virtual Reality research for physics
education remains limited. Therefore, a dedicated bibliometric review is needed to provide a comprehensive
overview of the intellectual structure of this research field and to identify future research opportunities.

In response to the identified research gap, this study aims to comprehensively map the development
of Virtual Reality (VR) research in physics education through a bibliometric approach. Specifically, this
study analyzes publication trends, influential authors, productive countries and institutions, collaboration
networks, highly cited publications, keyword co-occurrence, and emerging research themes to provide a
systematic overview of the intellectual structure of this research field. The findings are expected to
contribute to the existing literature by offering a comprehensive understanding of the evolution and current
state of VR research in physics education while identifying potential directions for future investigations.
Furthermore, the existing literature has not yet fully captured recent developments in VR and mixed reality
(MR) technologies or their application across diverse physics learning contexts. This limitation is
particularly relevant in developing educational contexts such as Indonesia, where the implementation of
VR in schools remains relatively limited despite its potential to provide immersive and interactive learning
experiences. In addition, much of the existing research has focused on general outcomes such as student
engagement, motivation, and learning achievement, while fewer studies have examined how VR can
support conceptual understanding of specific abstract and cognitively demanding physics topics, including
electromagnetism and wave phenomena. Therefore, although VR offers considerable potential for
addressing the challenges associated with abstract physics concepts, its implementation for specific physics
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topics, particularly within educational settings with limited technological resources, remains insufficiently
investigated. This research gap highlights the need for further empirical studies to examine the effectiveness
and educational value of VR in supporting students' understanding of complex physics concepts.

RESEARCH METHOD

This study employed a bibliometric literature review approach, a non-experimental research design
that utilizes secondary data in the form of scientific publication metadata as the primary unit of analysis
rather than primary data collected directly from research participants (Ninkov et al., 2022). Unlike
experimental or survey-based studies, which examine causal relationships or individual perceptions,
bibliometric research aims to systematically identify and describe the patterns, trends, and intellectual
structure of a research field through the statistical analysis of published scientific literature (Mondal, 2026).
Furthermore, this study can be classified as a quantitative literature review, as it does not conduct an in-
depth methodological quality appraisal of individual studies, as is typically performed in conventional
systematic reviews. Instead, it emphasizes large-scale mapping of the scientific literature to examine
publication volume, temporal trends, collaborative networks, and conceptual relationships concerning the
application of Virtual Reality (VR) in physics education (Moral-Mufioz et al., 2020). The research design

can be seen it figure 1.
m

Figure 1. Research Design
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This study employs a Systematic Literature Review (SLR) instrument in processing bibliometric data,
which is used to measure publication trends, observe distribution maps, and visualize the relationships
among keywords with the assistance of VOSviewer (Page et al., 2021). The SLR process is guided by the
PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flow diagram, which
structures the identification, screening, and eligibility stages of document selection in accordance with the
selected research topic. The PRISMA chart design can be seen in figure 2.
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Figure 2. PRISMA Chart
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From the data, document sources, leading affiliations, citation performance, contributing countries,
subject areas, source titles, authorship patterns, and keyword co-occurrence. The five most highly cited
studies were further synthesized based on four main aspects: the type of immersive technology employed,
the learning outcomes addressed, the conditions influencing its effectiveness, and the limitations and future
research directions identified by each study. This synthesis was intended to identify common patterns and
differences across the selected studies rather than merely summarize their individual findings. The analysis
focused particularly on how VR and AR contribute to conceptual understanding, visualization, engagement,
motivation, problem-solving, and knowledge retention in physics and science education. In addition,
attention was given to the role of instructional design, teacher guidance, infrastructure, and assessment
quality in determining the effectiveness of immersive learning. This analysis provides a comprehensive
mapping of the research landscape, collaboration patterns, and emerging themes in Virtual Reality in
Physics Education during the last 6 years.

RESULTS AND DISCUSSION
Result

Publication trends over the period 2020-2025 were obtained based on a search using the keywords
"Virtual Reality" AND Physics AND Education in the Scopus database. The search results identified 332
documents published during this period, which were subsequently used as the basis for the bibliometric
analysis. The distribution of the number of publications per year is presented in Figure 3.

Based on Figure 3, it can be observed that the publication trend regarding the use of Virtual Reality
(VR) in physics education fluctuated during the early part of the research period, before showing a
significant increase in the following years. In 2020, there were 48 documents, which then decreased to 44
documents in 2021 and further declined to 39 documents in 2022. Entering 2023, the number of publications
began to rise to 47 documents, followed by an increase to 56 documents in 2024. The highest increase
occurred in 2025, with 98 documents, representing the highest number of publications throughout the
observation period.

This trend indicates that research on the application of Virtual Reality in physics education is
continuously developing and gaining greater attention from researchers. The increasing number of
publications reflects growing interest in the use of VR technology as a learning medium capable of
visualizing abstract physics concepts, enhancing learning interactivity, and providing a more immersive
learning experience. Furthermore, the advancement of increasingly accessible VR hardware and software
has also contributed to the growing body of research in this field. These findings indicate that Virtual
Reality has become one of the potential learning innovations supporting the transformation of physics
education in the digital era, improving the quality of the learning process through an approach that is more
engaging, effective, and student-centered (Pellas et al., 2021).
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Figure 3. Document per Year

Figure 4. Citation per Year
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Furthermore, the distribution of publication source types regarding Virtual Reality in physics
education is presented in Figure 5. Based on the analysis of 332 documents, the most dominant publication
type was conference papers, with 162 documents, followed by articles with 117 documents. The dominance
of conference papers indicates that research findings on Virtual Reality in physics education are
predominantly published through scientific conferences. This suggests that this research field is developing
dynamically, leading researchers to favor conferences as a medium for disseminating their latest findings,
obtaining feedback from the academic community, and building research collaboration networks. On the
other hand, the relatively high number of articles indicates that a substantial number of studies have
advanced into scholarly works published in reputable journals following a peer-review process, thereby
producing more comprehensive findings with a high level of scientific validity (Tlili et al., 2022).
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Figure 6. Top 10 Countries Contributed to Virtual Reality in Physics Education Publication

Figure 6 shows the ten countries with the largest publication contributions to research on Virtual
Reality (VR) in physics education. Based on the analysis results, the United States ranked first with 58
documents, followed by China (35 documents), India (22 documents), Indonesia (21 documents), Germany
(20 documents), Japan (14 documents), the Russian Federation (14 documents), Italy (12 documents),
Kazakhstan (9 documents), and the United Kingdom (9 documents). The dominance of the United States
indicates that this country remains the leading center for the development of Virtual Reality-based
educational technology, supported by a strong research ecosystem, substantial investment in educational
technology, and close collaboration among universities, research institutions, and technology industries.
This finding is consistent with previous bibliometric studies reporting that the United States is the country
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with the largest publication contribution in VR research, particularly in the fields of education and physics
(Jamlludin et al., 2022).

The contributions of India and Indonesia also show a positive trend. The increasing number of
publications from both countries indicates that research on VR is no longer dominated solely by developed
countries, but has also begun to grow rapidly in developing countries. In Indonesia, the increase in
publications has been driven by the expanding implementation of digital learning, the development of
virtual laboratories, and support for educational transformation in the era of Industry Revolution 4.0.
Previous bibliometric studies have also shown that Indonesia's contribution to VR research continues to
increase and holds significant potential for further growth through international collaboration (Devianti et
al.,2021). Overall, the distribution of publications across countries indicates that research on Virtual Reality
in physics education has developed into a globally significant research field. Although the United States
and China remain the primary contributors, the increasing number of publications from Asian countries,
including Indonesia, reflects the growing adoption of VR technology as a learning medium to visualize
abstract physics concepts, enhance student engagement, and support experiential learning. This condition
also opens up broader opportunities for international collaboration in the future development of VR-based
physics learning media (Molina-Carmona et al., 2018). The figure 7 illustrates the collaboration network
among countries contributing to research on virtual reality in physics education
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Figure 7. The Relation of Countries Contributing to Virtual in Physics Education Publication

The visualization shows that the United States occupies the most central position in the network,
forming direct connections with a wide range of countries, including Germany, Japan, India, Mexico, Israel,
Ecuador, the United Kingdom, Italy, and the Russian Federation. This centrality is consistent with the
earlier finding that the United States also leads in terms of publication output, as shown in Figure 6.
Countries with the highest research productivity tend to become the most attractive collaboration partners,
since they typically possess stronger research infrastructure, greater funding availability, and more
established academic reputations that draw international researchers into joint projects.

Meanwhile, Indonesia forms a distinct sub-cluster together with China and Ukraine, suggesting that
its collaboration pattern is more regionally oriented rather than globally distributed. This may be attributed
to geographical proximity, alumni networks, or bilateral research programs rather than large-scale research
capacity. Taken together, this network pattern reinforces the argument that VR research in physics
education remains concentrated around a small number of technologically advanced countries, while
developing countries such as Indonesia are still in the early stages of establishing broader international
collaboration networks. Details of the distribution of the top 10 sources supporting this research are as
follows figure 8.
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Figure 8. Number of Article by Sources

Figure 8 presents the ten most frequent publication sources supporting research on virtual reality in
physics education. Notably, eight of the ten leading sources are conference proceedings or lecture-note
series, such as Communications in Computer and Information Science, ASEE Annual Conference and
Exposition Conference Proceedings, Procedia Computer Science, and several Lecture Notes series, while
only two sources, Journal of Physics: Conference Series and European Journal of Physics, represent
dedicated physics-oriented outlets. This distribution is consistent with the earlier finding in Figure 5, which
showed that conference papers dominate the overall document type.

The dominance of conference proceedings can be explained by their considerably shorter publication
cycle compared to peer-reviewed journals, making them a more suitable outlet for disseminating findings
in a rapidly evolving technological field such as VR, where researchers often need to share prototypes or
preliminary results without waiting for a lengthy review process. In addition, the interdisciplinary nature of
this research area, situated at the intersection of computer science, engineering, and education, explains
why the leading sources originate primarily from computer science and engineering communities rather
than from physics education journals. This pattern suggests that the development of VR technology itself
remains the primary focus of current scholarship, whereas publication in dedicated physics education
journals is still comparatively limited. It further indicates that research on VR in physics education has not
yet fully matured into an established subdiscipline with its own dedicated publication venues, but instead
continues to rely on publication spaces provided by the broader engineering and computer science
communities. The network visualization can be seen it figure 9
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Figure 9. Network Visualization
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Cluster 1 contained the highest-occurring keyword, "virtual reality," with 227 items. In cluster 2 was
dominated by the keyword "e-learning," which appeared 119 items. Then in cluster 3 was characterized by
the keyword "students," with 105 items, indicating a strong emphasis on learner-centered research. In
cluster 4 was primarily represented by "engineering education," with 76 items. Cluster 5 was dominated by
the keyword "augmented reality," which appeared 66 items. . Next, the results of the mapping of keywords
that support virtual reality in physics education publications found the highest occurrence value of 227 for
the words "Virtual Reality" and the top 10 keywords based on distribution were found as follows.

Table 1. Top 10 Keywords by Author

Rank Keywords Total Link Strength Rank  Keywords Total Link Strength
1 Virtual Reality 2073 6 Learning systems 546
2 E- Learning 1272 7 Augmented Reality 539
3 Students 1206 8 Education 529
Computing
4 Engineering Education 944 9 Eduation 445
5 Teaching 590 10 Physics Education 443

The frequency of keyword occurrence serves as a key indicator of the central themes that have
drawn the most attention from researchers within this field of study. Keywords with high occurrence values
reflect the dominant research focus, while those appearing less frequently tend to represent emerging or
niche subtopics, one such example being "Virtual Reality in Physics Education,” which appears as a more
specialized area within the broader Virtual Reality and Education research landscape. Accordingly, in order
to identify potential research novelty at the intersection of Virtual Reality and education, this study
examines the keyword occurrence visualization presented in Figure 9, which maps the relative prominence
and interconnection of terms across the analyzed publications.
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Figure 10. Keyword Co-occurrence Network Visualization of Virtual Reality Research in Education.
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Figure 11. Highlighted Network Visualization Showing the Core Cluster of Virtual Reality and
Education.

Figure 10 and 11 shows a more specific keyword mapping of the correlation of virtual reality
applications in education-related publications. The main trends discussed in this study are shown in Figures
10 and 11, which relate to potential future research directions. In Figure 10, the main keyword, virtual
reality, is closely related to various keywords such as education, STEM education, curricula, virtual
laboratories, artificial intelligence, physics, mixed reality, and medical education, among others. This
finding is consistent with prior studies showing that VR-based virtual laboratories support STEM curricula
by allowing students to conduct simulated experiments in physics and chemistry without physical
constraints (Hamash et al., 2025).

Furthermore, to link virtual reality with education, it can be seen in Figure 11, where virtual reality
and education form the two largest and most dominant nodes, showing the strongest co-occurrence
relationship in supporting technology-oriented educational research. This aligns with findings that VR
positively influences student engagement, motivation, and learning outcomes across educational levels,
particularly for students with diverse learning needs. Similarly, in higher education contexts, VR integration
with established pedagogical frameworks has been shown to enhance immersive and interactive learning
experiences (Mallek et al., 2024). The Keyword co-occurrence network visualization highlighting the
"Virtual Reality in Physics Education" cluster can be seen it figure 12.
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Figure 12. Keyword Co-occurrence Network Visualization Highlighting the "Virtual Reality in Physics
Education” Cluster.
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Figure 12 illustrates that the trajectory of research development is strongly oriented toward the domain
of physics education and its integration with virtual reality technology. This is evidenced by the close
proximity and strong linkage between the central keyword "virtual reality' and surrounding terms such as
physics education, virtual laboratories, physics learning, stem education curricula, virtual environments,
interactive learning environment, extended reality, and educational technology. The prominence of these
interconnected keywords suggests that a substantial portion of current scholarship centers on how
immersive technologies are being applied to enhance conceptual understanding in physics instruction.

Thus, the integration of virtual reality within physics education can be regarded as a strategic pathway
for advancing more interactive, experiential, and technology-driven pedagogical practices. In other words,
the convergence between virtual reality and physics-based learning environments reflects an emerging
research trend that bridges immersive technology with STEM education, supporting the broader goal of
improving the quality and accessibility of science education.

To further sharpen the findings and recommendations of this study, it is essential to examine the most
highly cited publications within this research domain. Such an examination, conducted through a structured
literature review, allows for the identification of existing strengths and limitations in prior studies, thereby
providing a foundation for uncovering future research opportunities in the field of virtual reality-based
physics education.

Table 2. Overview of Most Cited Papers in Virtual Reality in Physics Education

Author(s) Citation; SJR  Research Findings and Recommendation
(Hamilton et al., 912;1.7 A systematic literature review of 29 studies shows that Immersive Virtual
2021). QD) Reality (IVR) generally produces better learning outcomes compared to

conventional methods or desktop VR. However, most studies used short
intervention durations, did not measure long-term retention, and largely
focused on science-related fields such as physics and biology. The author
also found that the quality of learning assessment instruments in many
studies remained low, which affected the validity of the results. Therefore, it
is necessary to employ stronger experimental designs, longer instructional
durations, measure knowledge retention, use validated instruments, and
expand the implementation of IVR into various fields of learning beyond

science.
(Altmeyer et al., 172;3.8 A study using a pretest—posttest design showed that Augmented Reality
2020). QD) (AR)-based laboratories were more effective in improving conceptual

understanding, particularly on parallel circuit material, with a high level of
usability without increasing extraneous cognitive load. However, AR did not
yet show a significant improvement in transfer ability or in reducing
extraneous cognitive load. It is recommended to test AR implementation in
real classroom learning, collaborative learning, and various STEM fields, as
well as to explore smart glasses, eye-tracking, learner characteristics, and
long-term effects through longitudinal studies.
(Ullah et al, 109;0.7 Research shows that Virtual Reality (VR) and Augmented Reality (AR) in
2022). QD serious games improve motivation, engagement, problem-solving ability,
and understanding of science concepts, particularly physics, through more
interactive visualization of abstract concepts. Most studies employed a
quantitative approach and focused on physics and biology. Future research
is recommended to expand the application of VR to various physics topics
and developing countries, improve the quality of interfaces and learning
assessments, and conduct longitudinal studies to assess long-term impacts.
(Campos et al, 92;0.7 Experimental study on engineering students showed that the use of VR in
2022). QD) learning three-dimensional vectors improved spatial visualization ability
compared to conventional learning. Students expressed positive perceptions
toward the use of VR, as it helped them understand abstract concepts,
increased learning engagement, and enriched their learning experience.
Improvements in learning outcomes were particularly evident in problems
requiring visualization ability. VR is recommended for physics topics that
involve abstract concepts and require visualization ability, such as vectors,
forces, and three-dimensional space. The implementation of VR should
ideally be combined with well-designed instruction, collaborative activities,
and lecturer guidance to maximize the learning benefits.
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(Lai & Cheong, 59;0.8 This article explains that Augmented Reality (AR) is able to enhance the
2022). QD) visualization of physics phenomena, learning motivation, student

engagement, and experiential learning. AR enables students to understand
concepts that are difficult to observe directly through interactive simulations.
However, the implementation of AR still faces challenges such as limited
infrastructure, teacher readiness, institutional support, and pedagogical
designs that are not yet optimal. The development of AR needs to be
accompanied by integration with instructional strategies, teacher training,
institutional support, and collaboration between educators and technology
developers. Future research is recommended to evaluate the effectiveness of
AR using pedagogical frameworks such as the SAMR Model and Design
Research Framework in order to achieve more sustainable implementation.

Overall, Virtual Reality technology, as part of the broader Industry 4.0 landscape, has generally
demonstrated a positive contribution toward achieving the Sustainable Development Goals (SDGs),
particularly SDG 4 on Quality Education (Cabrera-Duffaut et al., 2024). A holistic approach to education
one that integrates immersive technologies such as virtual reality represents a more effective strategy in
addressing the increasingly complex challenges of global learning demands.

Discussion

The trend analysis for 2020-2025 shows a clear increase in scholarly attention to the use of Virtual
Reality (VR) in physics education, with the highest level of research activity observed in the final year of
the analysis. This trend suggests that VR is gradually moving beyond its role as an emerging technology
and is becoming more established as a learning medium in education. This finding is in line with (Susilo et
al., 2026), who reported an increasing interest in immersive technologies, and (Rashid et al., 2021), who
identified a similar growth pattern in VR research across the broader field of education. The growing
number of publications therefore indicates that VR is increasingly being considered not only as a
technological innovation but also as a potential pedagogical tool. In physics education, this development is
particularly relevant because VR can provide learning experiences that are difficult to achieve through
conventional instructional approaches.

The growing interest in VR is closely related to the characteristics of physics as a subject. Many
physics concepts involve abstract, dynamic, and spatial phenomena that are difficult for students to observe
directly through conventional learning media. The analysis of the 332 documents shows that immersive
visualization is an important direction in VR-supported physics education, as it allows learners to observe
and interact with phenomena that may be difficult to represent in traditional classroom settings (Tene et al.,
2024). This finding can be understood from a constructivist learning perspective, in which students develop
knowledge through active interaction with learning experiences and representations. Through a virtual
environment, students can explore three-dimensional representations, observe changes in physical
phenomena, and relate their observations to theoretical concepts. Therefore, the contribution of VR is not
limited to providing attractive visualizations; rather, it lies in its ability to make abstract physics concepts
more accessible through interactive learning experiences.

The importance of interactive visualization is also supported by previous research. (Jiang et al., 2025),
reported that role-based simulation and interactive three-dimensional observation are commonly used
approaches in VR-supported STEM learning. Similarly, (Elme et al., 2022) found that immersive
simulation combined with self-explanation can support knowledge retention among higher-education
students. These findings are consistent with the present bibliometric results, particularly the growing
emphasis on simulation and interactive learning. However, they also suggest that the use of VR alone does
not necessarily guarantee better learning outcomes. The effectiveness of immersive learning depends on
how the technology is integrated with instructional activities, conceptual explanations, and opportunities
for students to reflect on and interpret what they experience. Thus, future research in physics education
should focus not only on the development of VR environments but also on how these environments can be
incorporated into appropriate instructional designs.

The analysis also indicates that research on VR and related immersive technologies has expanded
across different educational levels, ranging from K-12 to higher education. This broader development
demonstrates the flexibility of VR as a learning technology, but it also highlights the importance of the
context in which the technology is implemented. (Abdullah et al., 2025), identified teacher readiness and
infrastructure as continuing challenges in the implementation of immersive technologies in education. This
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issue is important when interpreting the increasing number of publications identified in the present study.
A growing research output does not necessarily mean that VR has been widely implemented in classrooms.
Instead, the increasing number of studies reflects growing academic interest, while actual implementation
remains influenced by technological facilities, teacher competence, and pedagogical considerations.
Therefore, future studies should consider these contextual factors when examining the effectiveness and
feasibility of VR-based physics learning.

Evidence from other disciplines also provides useful insight into the potential application of immersive
simulation. (Far et al., 2026), for example, reported that immersive simulation can be used in medical
sciences education to support or replace certain high-risk and resource-intensive laboratory activities. A
similar potential can be considered in physics education, particularly for experiments that are difficult to
conduct because of safety concerns, limited equipment, high costs, or restricted laboratory access. VR can
provide an additional environment in which students can explore physical phenomena before or alongside
conventional laboratory activities. However, the findings from medical education cannot be directly
generalized to physics because the learning objectives and experimental characteristics of the two fields
differ. Therefore, the potential application of immersive simulation in physics still requires specific
instructional designs and empirical testing within physics learning contexts.

The keyword and citation patterns further indicate a change in the focus of VR research. The field
appears to be moving from initial studies concerned mainly with feasibility and technology acceptance
toward investigations of learner behavior, cognitive load, engagement, and knowledge retention. This
pattern is consistent with (Sakr & Abdullah, 2024), who identified a similar development in global VR
research, and (Firdaus et al., 2025), who reported comparable trends in school and university contexts. This
shift may indicate that VR research is becoming more mature. Rather than simply asking whether VR can
be used in education, researchers are increasingly examining how and under what conditions immersive
environments can influence learning. For physics education, this development is important because
effective learning requires more than student engagement with technology; it also requires students to
develop conceptual understanding and connect observations with scientific principles.

This development also has theoretical implications for the use of VR in physics education. VR should
not be viewed merely as a medium for presenting three-dimensional content. When combined with
exploration, self-explanation, problem solving, reflection, and conceptual integration, VR can provide an
environment that supports active knowledge construction. Consequently, the educational effectiveness of
VR is likely to depend on the interaction between the affordances of the technology and the instructional
design in which it is used. The present findings therefore suggest that greater immersion does not
automatically result in better learning. Instead, future research needs to examine how immersive features
can be deliberately aligned with learning objectives and pedagogical strategies to support meaningful and
sustained learning.

Overall, the bibliometric findings show that research on VR in physics education during 2020 - 2025
has developed in several important directions. These include increasing publication activity, greater
attention to immersive visualization and simulation, wider application across educational levels, and
growing interest in cognitive and behavioral learning outcomes. The findings are generally consistent with
previous bibliometric and systematic studies, while also highlighting areas that require further investigation.
Future research should pay greater attention to specific physics concepts, learning outcomes, teacher
readiness, infrastructure, cognitive load, knowledge retention, and long-term learning effects. In particular,
the development of standardized behavioral and learning-outcome measures could help researchers better
evaluate the sustained effects of immersive learning environments. Thus, the contribution of this study is
not only to demonstrate the increasing research interest in VR-based physics education but also to identify
the direction of the field, which is gradually shifting from technological feasibility toward more
pedagogically grounded investigations of how immersive environments can support meaningful and
sustained physics learning.

CONCLUSION

This bibliometric analysis shows that research on Virtual Reality (VR) in physics education is
expanding and increasingly focused on its pedagogical potential for visualization, simulation, and
interactive learning. VR can support the understanding of abstract and dynamic physics concepts, but its
effectiveness depends on purposeful integration with pedagogy, learning objectives, teacher readiness,
infrastructure, and cognitive considerations. This study is limited by its reliance on Scopus, the 2020-2025
period, quantitative bibliometric methods, and analysis of only the five most cited publications. Future

Studies in Bibliometrics of Education and Technology
https:/ /scie-journal.net/index.php/SiBET 55




Al Siddigiy et al., 2026
DOI:

research should use multiple databases and complementary empirical approaches, particularly longitudinal
and comparative studies, to determine how VR can produce meaningful and sustained learning outcomes.
Ultimately, VR should be viewed not as a replacement for conventional instruction, but as a complementary
learning environment aligned with pedagogical needs.
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