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play a crucial role in the production and dissemination of knowledge in this
field. Meanwhile, research topic trends are dominated by virtual reality,
augmented reality, and interactive learning. Analysis of the collaboration
network reveals that the structure remains fragmented, dominated by the
United Kingdom and the United States as primary hubs. On the other hand,
Indonesia demonstrates a strategic position with high proximity to other
actors, potentially accelerating knowledge diffusion, although its bridging
role remains limited. The existence of relatively isolated clusters also
indicates gaps in global collaboration. These findings confirm that despite
the rapid growth of this field, the distribution of collaboration and scientific
contributions remains uneven. Therefore, it is necessary to strengthen more
inclusive international collaboration and develop more equitable research to
support the sustainable progress of this field.
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INTRODUCTION

In the context of physics learning, students have various opportunities to access the diverse physics
materials provided in the curriculum for their level of education. This diversity of physics material itself
includes both abstract and non-abstract concepts (Alter, 2017). When studying abstract concepts, students
can be assisted by analogies grounded in everyday phenomena they can, of course, observe directly.
However, when a phenomenon within the scope of physics cannot be observed directly, students need an
intermediary to understand the underlying concept (Eveline et al., 2019). This condition indicates a gap
between the abstract characteristics of physics concepts and students' ability to independently construct
conceptual understanding. One intermediary that can be integrated into physics learning is digital learning
media, such as immersive technologies, including virtual reality (VR) and other forms (Georgiou et al.,
2021). The use of digital technology in learning also aligns with the demands of 21st-century education,
which emphasizes integrating technology to enhance learning quality (Moshinski et al., 2021; Zou et al.,
2025).

VR is a technology that allows users to directly experience something through a digital environment
(Rubio-Tamayo et al., 2017). Through its immersive characteristics, VR can create a more immersive
learning experience than conventional media (Klingenberg et al., 2020). In the context of physics education,
VR can provide visualizations of abstract concepts such as waves and electric fields, making learning more
interactive and engaging (Tarng & Pei, 2023). This technology greatly facilitates students' real-life
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experiences with abstract physics concepts (Akdag et al., 2025). Thus, students' conceptual understanding
will develop with the help of VR (Salihu & Sabitu, 2024). Furthermore, VR has the potential to increase
student motivation, engagement, and critical thinking skills through exploration-based learning experiences
(Damasevicius & Sidekerskiené, 2024).

With the rapid development of digital technology over the past decade, the use of VR and other
immersive technologies in physics education has increased significantly (Pellas et al., 2021). This is
supported by advances in hardware and software, as well as the growing need for flexible and adaptive
learning, particularly following the global pandemic that has driven digital transformation in the education
sector (Kang, 2021). Although numerous studies on VR in physics education exist, the results are scattered
and lack comprehensive analyses mapping publication trends, countries, affiliations, and other aspects
(Rojas-Sanchez et al., 2023). Most studies focus on the implementation and effectiveness of the technology,
but few examine the field's development at a macro level using bibliometric or metadata analysis (Rojas-
Sanchez et al., 2023). Therefore, research on metadata that focuses on these aspects is crucial. This approach
is crucial for providing a comprehensive overview of the direction of research development, patterns of
scientific collaboration, and potential research gaps that remain open in the future. Therefore, this study has
the following objectives:

1. Analyze publication trends, scientific impact (citation analysis), primary publication sources,

affiliations, and research topic trends.
2. Analyze scientific collaboration patterns at both author and country levels, and identify gaps and
future directions.

RESEARCH METHOD

This research is a systematic literature review conducted by integrating the PRISMA (Preferred
Reporting Items for Systematic Reviews and Meta-Analyses) method. This approach was chosen because
it ensures the literature selection process is carried out systematically, transparently, and can be replicated
by other researchers (Sarkis-Onofre et al., 2021). This method consists of several stages, including
identification, screening, eligibility determination, and selection of the final articles for analysis (Agrawal
et al., 2024; Selcuk, 2019). In addition, this study also adopted a bibliometric analysis approach to explore
patterns, trends, and research structures in the field of immersive technology in physics education. The
following outlines the research flow, integrating the PRISMA method, as shown in Figure 1.

[1] Identification i TITLE-ABS-KEY: Immersive [7] Conclusion
I Technology AND Physics Education
(N =135)
[2] Screening . Exclude PUBYEAR 2011-2026: [6] Data Analysis
Immersive Technology AND Physics

Education (N = 129)

[3] Eligibility ’ Limited to English Language:
Immersive Technology AND Physics
Education (N = 127)

S [4] Included — [5] Visualization

Figure 1. PRISMA Method
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In more detail, the identification stage involved a search in Scopus using the string "TITLE-ABS-
KEY: immersive technology AND physics education," which returned 135 documents. The Scopus
database was selected for its broad coverage and credibility in indexing internationally reputable scientific
publications, as it has a large capacity to provide comprehensive sources (Baas et al., 2020; Safitri &
Mubarok, 2024; Suprapto et al., 2025). Next, the documents were filtered to the 2011- 2016 time range,
reducing the number of documents retrieved to 129. 2011 was chosen because, before that period (1999-
2009), research on immersive technology in education, particularly VR, was limited, highlighting the need
for further research in 2011. Moreover, the early 2010s represented the initial expansion phase of the
development of that technology, as evidenced by the increasing research attention to VR-based learning
systems (Hamilton et al., 2021).

After the screening stage, the articles were assessed for eligibility based on a language restriction
(English), yielding 127 documents as data sources for analysis. These inclusion criteria aimed to ensure
language consistency and facilitate comprehensive content analysis. Furthermore, documents irrelevant to
the context of physics education were excluded to maintain the validity of the data. The next stage is to
visualize data saved in .csv format within the Biblioshiny software, so that various data can be obtained for
use aligned with research needs.

Biblioshiny is used for its ability to generate interactive and informative bibliometric visualizations
such as publication trends, citation analysis, author collaboration networks, and keyword co-occurrence
(Kumar, 2025; Wu & Ye, 2021). Through this process, research is not only descriptive but also capable of
uncovering patterns of relationships among variables in the analyzed literature. Next, the visualized data is
analyzed descriptively and interpretively to identify research trends, scientific contributions, and future
research directions. This analysis process forms the basis for formulating research conclusions and
implications.

RESULTS AND DISCUSSION
Results
Annual Scientific Production and Average Citation Per Year
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Figure 2. Annual Scientific Production

Figure 2 shows that the publication trend on immersive technology in physics education fluctuated
during the initial period, from 2011 to 2019. During this period, the number of publications was relatively
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low and unstable, with none appearing in some years, such as 2012, 2015, and 2018. The highest number
of articles in the initial period was only 3, as seen in 2011, 2013, and 2016. Entering 2020, there was a
significant increase, with the number of publications reaching 12, but it decreased to 7 in 2021. After that,
the publication trend continued to consistently increase, peaking in 2025 with 37 articles. However, in 2026,
the number decreased to 11 publications.

This significant increase in publications since 2020 indicates increased research attention to the use of
immersive technology in physics education (Wang et al., 2025). This is likely influenced by the acceleration
of digital transformation in the education sector, particularly since the COVID-19 pandemic, which has
driven the widespread use of digital-based learning technologies (Nurhas et al., 2022). Furthermore, the
development of increasingly affordable and accessible technologies, such as VR, has contributed to the
growing number of research studies in this field. Meanwhile, the decline in the number of publications in
2026 could be due to limited citation time or incomplete indexing, which may not reflect the true situation.
In general, this trend indicates that immersive technology in physics education is a rapidly developing
research area with significant potential for continued advancement (Prayogi & Verawati, 2024).

Table 1 shows that the average citations per article (MeanTCperArticle) and the average citations per
year (MeanTCperYear) show significant variation between years. The highest citation rate was found in
2016, with a MeanTCperArticle of 463.67 and a MeanTCperYear of 42.15, despite the relatively small
number of articles, namely only three publications. Furthermore, 2013 and 2021 also showed relatively
high citation rates, with MeanTCperYear of 3.62 and 6.02, respectively. Conversely, in more recent years,
such as 2024, 2025, and 2026, citation rates tended to be low, with MeanTCperY ear below 1, even reaching
0.09 in 2026. This occurred despite the relatively high number of publications in those years, particularly
in 2025, when 37 articles were published.

Table 1. The Average Citation Per Year

Year MeanTCperArt N MeanTCperYear  CitableYears
2011 5.67 3 0.35 16
2013 50.67 3 3.62 14
2014 13.00 2 1.00 13
2016 463.67 3 42.15 11
2017 34.00 2 3.40 10
2019 7.00 1 0.88 8
2020 16.83 12 2.40 7
2021 36.14 7 6.02 6
2022 12.20 10 2.44 5
2023 5.75 12 1.44 4
2024 2.12 24 0.71 3
2025 0.49 37 0.24 2
2026 0.09 11 0.09 1

The high average citation rate in the early years, particularly in 2016, indicates that publications during
that period had a strong scientific impact and had the potential to become primary references in the field of
immersive technology in physics education (Fu & Hughey, 2019; Tahamtan et al., 2016). This could be due
to the time accumulation effect, in which older articles have more time to be cited. Conversely, the low
citation rate in more recent years does not necessarily indicate low research quality; rather, it is due to
limited publication time, meaning articles have not had enough time to be cited by other studies (Tagwa &
Panya, 2026). Furthermore, the significant increase in publications in recent years can lead to a more
dispersed distribution of citations (Abramo et al., 2016; Bornmann & Leydesdorff, 2017). This pattern
indicates a shift from high-impact but limited research in the early period to a growing number of
publications in the more recent period, which is still developing in terms of scientific impact.
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Figure 3. The Most Relevant Sources

The analysis shows that publications on immersive technology in physics education during the 2011—
2026 period were dominated by conference proceedings and reputable journals in technology and
engineering education. The most productive source was the ASEE Annual Conference and Exposition,
which recorded the highest number of articles, namely nine publications, indicating that the engineering
education conference forum is a primary platform for disseminating research on this topic. Next,
Communication in Computers and Information Science came in second with four articles, followed by
several other sources, including the ACM International Conference Proceeding Series, Johns Hopkins APL
Technical Digest, Lecture Notes in Computer Science, and Lecture Notes in Network and Systems, each
contributing three articles. Meanwhile, other journals and proceedings, such as Computers & Education,
IEEE Access, Journal of Physics: Conference Series, and Lecture Notes in Computer Science (Including
Subseries), each recorded two publications. This pattern indicates that research on immersive technology
in physics education is still developing rapidly within the educational technology-based conference and
publication community, which emphasizes the importance of integrating digital innovations in the science
learning process.

The Most Relevant Affiliations and Their Production Over Time
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Figure 4. The Most Relevant Affiliations

An analysis of institutional affiliations shows that research contributions on immersive technology in physics
education are spread across various international universities with varying levels of productivity. Beijing Normal
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University was recorded as the most productive institution, with 13 publications, followed by Graz University of
Technology and RMIT University, each with 12 publications. Furthermore, the University of Texas Southwestern
Medical Center and the University of West Bohemia showed significant contributions with 11 publications each.
Other institutions, such as ISAE-Supaero University of Toulouse and Kent State University, also played an active role
with eight publications, while Chirchik State Pedagogical University, Czech Technical University in Prague, and the
International Information Technology University showed stable contributions with between six and seven
publications. These findings indicate that the development of immersive technology in physics education is a global
and multidisciplinary research field, with institutions from Asia, Europe, and North America actively contributing to
the development of technology-based learning innovations.

Co-occurrence Network
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Figure 5. Co-occurrence Network

The results of the co-occurrence network analysis indicate that the research landscape on immersive
technology in physics education during 2011-2026 focuses on integrating digital technology into student-
centered learning processes. The VR node emerged as the dominant node and had the most extensive
connections to other keywords, indicating that this technology is a key foundation for innovation in modern
physics learning. The strong link between VR, students, e-learning, and teaching indicates that the research
focus is not only on technology development but also on its utilization to enhance student engagement,
conceptual understanding, and learning experiences in digital learning environments.

Moreover, the emergence of keywords such as augmented reality, simulation, interactive learning, and
physics experiments indicates an expansion of pedagogical approaches that combine immersive technology
with experimental practices and visualization of abstract concepts in physics. The resulting cluster structure
also demonstrates the interconnectedness between science education, engineering, and technology-
enhanced learning, confirming that research in this field is developing multi-disciplinarily and adapting to
technology-based educational transformations. Next, this network reflects that immersive technologies,
particularly VR, have evolved from being mere visual aids to strategic components in the design of physics
learning that is interactive, contextual, and centered on the student's learning experience.
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Figure 6. Word Cloud Visualization from Biblioshiny

The word cloud visualization results show that research on immersive technology in physics education
for the period 2011-2026 is dominated by several key terms that reflect a focus on integrating immersive
technology within engineering education and digital learning. The keyword VR is the most frequent term
(46 occurrences), followed by engineering education (43), students (42), and e-learning (32), indicating that
virtual reality technology is widely used in engineering education settings to enhance student engagement
and learning experiences (Suhail et al., 2024). Furthermore, the terms teaching (26) and augmented reality
(24) indicate that research focuses not only on the technology itself, but also on pedagogical strategies and
the development of technology-based learning methods. The emergence of keywords such as computer-
aided instruction (23), learning systems (18), educational computing (16), and immersive (14) indicates a
shift towards more interactive and adaptive computer-based learning systems. The distribution pattern of
keywords in this word cloud indicates that the development of immersive technologies, particularly VR
and augmented reality, has become a crucial element in the transformation of science and engineering
learning, with an emphasis on improving the quality of learning experiences, teaching effectiveness, and
the integration of digital technologies in the modern education ecosystem (Alvarez-Marin & Velazquez-
Iturbide, 2022).
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Figure 7. Author Collaboration Network

Author collaboration network analysis shows that collaboration patterns in immersive technology
within physics education research from 2011 to 2026 form several relatively separate clusters, each with
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strong internal collaboration. The largest cluster is found in the author group led by Marek Thees, Johannes
Kuhn, Stefan Kapp, and Mateusz Strzys, demonstrating high connectivity and intensive collaboration in
the development of immersive technology for science and engineering learning. Another prominent cluster
is the author group of Yuan Luo, Yi Li, and Jianhui Ji, who form a medium-sized collaborative network
focused on integrating digital technology into learning environments.

Meanwhile, several smaller clusters, such as those of Pirker, Georgiou, and loannou, demonstrate more
limited collaboration but remain consistent in their research contributions. The fragmented yet dense
network structure within the clusters indicates that research in this field is still developing within specific,
team-based research communities, with strong international collaborations that are not yet fully integrated
globally. Overall, these findings suggest that the advancement of immersive technology research in
education is heavily influenced by the presence of core research groups that serve as centers of innovation
and knowledge production, while also opening opportunities to strengthen cross-institutional and cross-
national collaboration in the future.

Country Collaboration Network

W

Figure 8. Country Collaboration Network

The latest analysis of country collaboration networks reveals an increasingly complex collaboration
structure, yet remains fragmented into several global clusters. The primary cluster is still dominated by
developed countries, with the United Kingdom (betweenness = 64,086) and the United States (betweenness
=59,893; highest PageRank =0.101) as two key actors acting as global bridges in the network. Betweenness
indicates a country's role in bridging research collaboration, indicating that the higher the percentage, the
more active a country is in holding as a scaffolding in research partnerships (Duggan et al., 2024). Both
have strong capabilities for connecting countries across clusters, thereby becoming centers of collaborative
flows and knowledge diffusion.

Furthermore, Australia also plays a significant role as a secondary link (betweenness = 26,748),
reinforcing the dominance of the global cluster (cluster 4), which appears to be the most extensive and
integrated compared to the other clusters. On the other hand, Indonesia again stands out with the highest
closeness centrality (0.333) and a relatively high PageRank (0.049), indicating a strategic position in the
network for accelerating information access and dissemination, although its bridging role remains limited.
Other countries in the Asian cluster, such as China, Ukraine, and Iraq, have relatively high network
closeness but are not yet strongly connected to global collaboration hubs. Meanwhile, small clusters, such
as those involving Brazil, Portugal, and the Dominican Republic, show a maximum closeness score (1),
indicating very close internal connections but isolation from the broader global network.
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Table 2. Country Rank

Betweenness Closeness Cluster Node PageRank
59.893 0.038 4 Usa 0.101
64.086 0.04 1 United Kingdom 0.092
26.748 0.037 4 Australia 0.087
2 0.333 3 Indonesia 0.049
3.274 0.032 4 Italy 0.039
16 0.026 2 Switzerland 0.037
16 0.029 1 Finland 0.036
0 0.25 3 Ukraine 0.033
0 0.25 3 Iraq 0.033
0 1 5 Brazil 0.033
0 | 5 Portugal 0.033
0 | 6 Dominican Republic 0.033
0 0.031 4 Japan 0.031
0 0.028 1 Serbia 0.025
0 0.026 4 Austria 0.024
0 0.026 2 Germany 0.019
0 0.2 3 China 0.019
0 0.024 4 Ecuador 0.018
0 0.026 4 Poland 0.018
0 0.02 1 Turkey 0.013
0 0.019 2 United Arab Emirates 0.013
0 0.024 1 Belgium 0.012
0 0.024 4 Cyprus 0.012
0 0.024 4 Costa Rica 0.012
0 0.024 4 Netherlands 0.012

The implications of these findings confirm that the research collaboration ecosystem for immersive
technology in physics education is still dominated by countries with high research capacity, while
developing countries tend to occupy peripheral or regional positions. The main gap lies in the lack of cross-
cluster integration, particularly between developing countries and global research hubs. Therefore, future
research needs to focus on strengthening more inclusive and balanced international collaboration by
encouraging the active involvement of developing countries as strategic partners in knowledge production.
Furthermore, further studies are needed to identify effective collaboration mechanisms or models to bridge
isolated clusters and to explore how countries like Indonesia can elevate their role from mere emerging
participants to regional hubs that connect Asian networks with global research hubs.

Discussion

The results of the bibliometric analysis indicate that the research objectives of identifying publication
trends, scientific impact, primary sources, affiliations, collaboration patterns, and research topics in the
field of immersive technology in physics education have provided a comprehensive picture. In terms of
publication trends, there has been a significant increase in the number of articles in recent years, indicating
growing academic interest in integrating immersive technology into physics learning. This aligns with the
growing need for digital-based pedagogical innovation in today's education.

From a scientific impact perspective, citation analysis shows that research contributions are still
dominated by publications from developed countries with high visibility and influence (Igbal et al., 2018;
Tomaszewski, 2023). The primary sources of publications and the most productive affiliations generally
come from institutions with strong research capacity that serve as centers for knowledge production and
dissemination. This confirms the concentration of academic power in certain institutions with access to
greater research resources.
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Furthermore, analysis of topic trends via keyword co-occurrence indicates that research in this field
focuses on technologies such as VR, augmented reality, and interactive learning approaches to enhance
understanding of physics concepts (Sasikumar et al., 2022). However, there are still opportunities for further
exploration regarding more contextual pedagogical integration and the evaluation of long-term impacts on
learning.

In the context of global collaboration, inter-country collaboration networks exhibit a fragmented
structure. Countries such as the United Kingdom and the United States serve as major hubs with significant
influence in connecting various actors within the network. Meanwhile, Indonesia demonstrates a strategic
position with a high degree of proximity to other actors, although its role as a hub remains limited. This
situation indicates that despite the growth of research, the distribution of collaboration and access to global
networks remains unequal.

CONCLUSION

This study aims to analyze publication trends, scientific impact, primary sources, affiliations, topic
trends, and global collaboration patterns in the field of immersive technology in physics education. The
results show a significant increase in publication productivity, reflecting growing academic attention in this
field. Scientific impact and major contributions are still dominated by developed countries and institutions
with high research capacity, which serve as centers for knowledge development and dissemination.

Furthermore, research topic trends indicate a focus on using immersive technologies, such as VR and
augmented reality, to improve the quality of physics learning. However, the global collaboration network
remains fragmented, with the United Kingdom and the United States as dominant actors. On the other hand,
Indonesia holds strategic potential within the network, although its role is still developing. Overall, this
study confirms that despite the rapid growth of this field, gaps remain in the global distribution of
collaboration and scientific contributions. Therefore, future research should encourage more inclusive
international collaboration, expand the involvement of institutions from developing countries, and explore
more contextualized pedagogical innovations to sustainably enhance learning impact.
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