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This article ABSTRACT

contributes to: ) . . .
Augmented Reality (AR) technology has emerged as a transformative tool in education,

Em%uu integrating digital information into the user's real-world environment. This study aims to

explore global research trends in AR for education through bibliometric analysis. The primary
objective is to identify the evolution of publications, influential sources, leading authors, and
productive countries in AR research. Using data from Scopus (2020-2024), 1,232 documents
were analyzed. The study reveals that the United States leads in research productivity, followed
SUSTAINABLE by China, Indonesia, Malaysia, and Germany. The research highlights the rising trend in AR
DEVELOPMENT

G:‘w,= ALS publications, with annual growth rates of 23.15%. Key journals like "Education and Information

&
)

Technologies" and "Education Sciences" are at the forefront, showcasing the interdisciplinary
nature of AR in education. Prominent authors such as Archana Mantri and Liru Chen contribute
significantly to the field. This research also identifies emerging trends in mobile applications,
STEM education, and the integration of AR with virtual reality. Overall, bibliometric analysis
provides a comprehensive understanding of AR’s impact, emerging research directions, and the
global collaborative network, helping to guide future research and enhance AR’s integration in

educational practices.
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1. INTRODUCTION

Augmented Reality (AR) technology has emerged as a pivotal technological innovation of the 21st
century, notably impacting various fields, particularly education [1], [2]. AR is a revolutionary media
innovation that seamlessly integrates digital information into the user's perception of the natural world,
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fostering dynamic and informative interactions. [3], [4]. This technology utilizes devices such as
smartphones, tablets, or specialized devices like AR glasses to seamlessly insert visual elements, audio,
and sensory data into the user's surrounding environment. The uniqueness of AR lies in its capability to
enrich the perception of the natural world with real-time, relevant information, thereby enhancing the
user's experience across various daily activities.

In education, AR media can facilitate a more immersive and interactive learning experience [5], [6].
Additionally, AR media offers significant opportunities to enhance learners' engagement and
comprehension of the subject matter. By integrating visual and interactive elements into the learning
process, AR has been shown to make abstract concepts more tangible and easier to visualize, which
improves learning efficiency and retention [7], [8]. By clarifying complex concepts, AR media makes
them more comprehensible and visualizable, thereby enhancing overall learning outcomes.

In recent years, research on the application of AR in education has undergone rapid expansion.
Numerous studies have delved into diverse aspects of this technology, from its efficacy in enhancing
learning outcomes to the challenges associated with its integration in classrooms. These investigations
have yielded substantial findings, offering valuable insights into the effective utilization of AR in
educational settings [9], [10], [11]. For instance, research has explored how AR can improve student
motivation and learning performance, particularly in science and mathematics education [12].
Nonetheless, a systematic and comprehensive approach, such as bibliometric analysis, is essential to
grasp the global trends and advancements in this field of research.

Bibliometric analysis is a research methodology that employs both quantitative and qualitative
approaches to evaluate diverse aspects such as publication year, country of origin, citation frequency,
and prevalent keyword usage [13], [14]. According to Kumar [15], bibliometric methods provide a
structured approach to examining academic literature, revealing key insights into research trends and
identifying influential works within a specific field. This analytical approach aims to create visual
representations, identify trends, and observe advancements in research by analyzing data such as
publishing patterns, citation trends, and co-authorship networks. By utilizing this method, the study
highlights notable research contributions, tracks the evolution of ideas, and explores relationships

among groups of researchers.

Additionally, bibliometric analysis is employed to scrutinize scientific literature using publication and
citation data. This method enables researchers to discern trends in research, patterns of collaboration,
and the scholarly impact within a specific field. In the context of augmented reality (AR) in education,
bibliometric analysis offers insights into the evolution of research, prevalent topics of discussion, and
influential researchers and institutions. Such insights are crucial for educational researchers and
practitioners to navigate the research landscape effectively, pinpoint areas needing further exploration,

and foster informed decision—making.

One of the primary advantages of bibliometric analysis is its capacity to track research trends
longitudinally. By examining the annual counts of publications and citations, researchers can discern
whether interest in employing augmented reality (AR) in education is growing or declining. Moreover,
this analysis can illuminate shifts in research emphasis, such as a transition from studies focused on AR
technology development to those exploring its practical applications in educational settings. Recent
studies Harnal et al. [16] have shown that the increase in publications on AR reflects its growing
acceptance and integration into educational practices. Understanding these trends is crucial for
researchers to align their focus with current needs and advancements in the field.
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Therefore, the primary objective of this research is to identify and visualize various research aspects,
including the evolution of publication development, most cited articles, prominent countries, authors,
and sources related to the utilization of AR media in education. In addition, this study aims to explore
emerging trends and topics on the topic of augmented reality in education. The following list outlines
the Research Questions (RQ) that define the main objectives of this investigation:

RQ1. What are the main information results and publication evolution generated by the overview
analysis in bibliometric analysis?

RQ2. What are the most influential sources, leading authors, and productive countries in the research
on augmented reality technology in education?

RQ3. Which research documents are most often cited by other researchers?

RQ4. What is the visualization of the co-occurrence analysis of the author's keywords on this topic?

2. METHODS

The methodology employed in this study is bibliometric analysis, a research method that utilizes
statistical techniques to examine and evaluate scientific literature [17], [18], [19]. This approach is
particularly suitable for studying augmented reality (AR) in education as it allows for a systematic
exploration of trends, citations, and authorship patterns within this rapidly evolving field. Bibliometric
analysis serves as a powerful tool for understanding and assessing the progression of research within a
specific field. First, it facilitates monitoring research development by tracking publication trends over
time, providing insights into how interest and activity in a topic, such as augmented reality (AR) in
education, have evolved. By using this method, we can identify the years with the highest growth in
AR-related publications, pinpointing the moments when AR became a more prominent topic in
educational research. This allows researchers to examine the historical trajectory of a field and its

dynamic nature.

Additionally, bibliometric analysis aids in measuring impact by evaluating citation frequencies and other
bibliometric indicators. This is especially relevant for AR in education, as it helps identify the most
influential studies that have shaped the integration of AR into pedagogical frameworks. This helps
researchers determine the influence of individual studies or research bodies, identify seminal works,
and recognize influential authors who have significantly contributed to the field. However, it is
important to note that citation analysis may have biases, such as the tendency to favour more established

authors or older studies, which can overlook emerging contributions.

Moreover, bibliometric analysis excels in visualizing trends through graphical representations and data
visualization techniques. For AR in education, this method can generate visual maps of co-authorship
networks and keyword co-occurrence, helping to identify collaborative clusters and prevalent research
themes in the field. These methods enable researchers to observe patterns and shifts in research topics,
keywords, and collaboration networks over time. Lastly, one of the most valuable aspects of
bibliometric analysis is its ability to identify emerging research themes. By analyzing frequently
occurring keywords and topics, it uncovers new and promising areas of interest, guiding researchers
toward emerging trends that can shape the direction of future research. This is particularly valuable in
the context of AR in education, as it helps pinpoint areas of research that have recently gained traction,
such as the use of AR for remote learning or its impact on specific educational outcomes.

Despite its advantages, bibliometric analysis does have limitations. For instance, it may be limited by
biases in keyword selection or by the scope of the databases used. Keyword choices might not fully
encompass all related areas of AR in education, and certain databases might not capture all relevant
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publications. Overall, bibliometric analysis provides critical insights into the evolution, impact, and

future potential of research within a given domain.

Figure 1 illustrates the four main stages involved in conducting bibliometric analysis: 1) Identification:
Gathering relevant publications from bibliographic databases such as Scopus, 2) Filtering: Cleaning and
preparing the data for analysis, including extracting bibliometric indicators like publication year,
authors, citations, and keywords, 3) Analysis: Applying statistical methods to analyze the data, which
may include citation analysis, co-citation analysis, keyword analysis, and network analysis, 4)
Conclusion: Presenting the results through visual representations such as graphs, charts, and maps to

illustrate trends, patterns, and relationships among research entities.

Search For Article on Scopus Database (December 14, 2024)
TITLE (“Augmented Reality”) = 23.367 documents)

Identification

. Records excluded based on:
(TITLE ( Augmented Year, except 2020-2024 (n=1232
Rc‘illty' ) AND TITLE' Document type, except Article
ABS-KEY (Education)) Language, except English

do cuments)
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Conclusion

Figure 1. Stages of the bibliometric analysis method

In the initial stage, this research conducted identification by searching for documents relevant to the
topic to be analysed using Scopus as the primary data source [20], [21]. Scopus was chosen based on its
excellent features, including breadth of coverage, accuracy and reliability of information, a robust
citation system, and consistent data standards, enabling continuous in-depth analysis [22], [23]. The
search was carried out on December 14, 2024, by writing the research title about “Augmented Reality”.
Obtained as many as 23.367 documents found on the keyword use of Augmented Reality technology
published on the Scopus database. Next, in the second stage, data filtering is performed using queries
specifically designed to isolate documents that match specific criteria, namely (TITLE ("augmented
reality") AND TITLE-ABS-KEY (education)) AND PUBYEAR > 2019 AND PUBYEAR < 2025 AND
(LIMIT-TO (DOCTYPE, "ar")) AND (LIMIT-TO (LANGUAGE, "English")), focus on topics related
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to the use of augmented reality media in the field of education. In addition, it also restricts the year in
the range of 2020-2024, with the type of article document and the language used being only English.
As aresult, 1232 documents were identified that met the search criteria.

In the third stage, 1232 filtered documents from the Scopus database were analyzed. Biblioshiny and
Microsoft Excel software were used to analyze and visualize the data. Biblioshiny effectively visualizes
and analyses descriptive and conceptual data [24]. The fourth or final stage of the research involved a
thorough literature review and the conclusion of various research questions, particularly regarding the
use of augmented reality media in education.

3. RESULTS AND DISCUSSION

3.1. Overview

RQI. What are the main information results and publication evolution generated by the overview analysis in

bibliometric analysis?

RQ1 aims to identify the main information results and publication developments resulting from the
analysis of the general overview. The analysis begins by providing an overview covering three main
aspects: key information and publication developments. The results of the key information provide
insights into key elements, such as the number of publications, prominent authors, and the most
influential journals in research related to augmented reality in education. Meanwhile, publication
developments show a trend of publication growth over time, reflecting the increasing attention to this
topic, especially with the widespread adoption of AR technology in education. Table 1 presents vital
information from the Scopus metadata search results. The explanation includes the period, sources,
documents, annual growth rate, and several authors contributing to research using augmented reality

technology in education:

Table 1. The main information on bibliometric analysis

Decription Result
Timespan 2020-2024
Sources (Journals, Books, etc) 562
Documents 1232
Annual Growth Rate % 23.15%
Authors 4607

The descriptive bibliometric analysis focused on augmented reality (AR) technology in education,
conducted using data extracted from the Scopus database. Between 2020 and 2024, a total of 1232
publications were identified, sourced primarily from journals, books, and other academic outlets,
totalling 481 sources. The analysis revealed an average annual growth rate of 23.18% in publications on
this topic. The extensive interest is reflected in contributions from 4607 authors, underscoring
significant engagement among researchers and academics in exploring AR's application in educational

contexts.

In addition, the results of an annual analysis of publications that use augmented reality technology in
education. The results of the analysis show that the number of publications is increasing every year.
Figure 2 shows the number of publications per year in the time from 2020 to 2024 related to the use of
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augmented reality technology in education. Figure 2 shows the number of publications per year in the
2020-2024 timeframe related to using augmented reality technology in education.

68
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Years

Figure 2. Evolution of publication (2020-2024)

Figure 2 illustrates the annual publication trends from 2020 to 2024 focused on augmented reality (AR)
technology in education. The graph reveals a notable increase in the number of research articles over
this period. Starting at 160 articles in 2020, the count rose significantly to 368 articles by 2024,
indicating consistent growth and heightened interest in AR within the educational context.

The surge in publications underscores the rising popularity of AR as a research topic in education. This
trend reflects the recognition of AR's potential to enhance learning through innovative and interactive
methods, thereby improving engagement and educational outcomes. In the earlier years (2019-2020),
growth was driven by the exploration of new technologies and initial applications of AR in educational
settings. Subsequently, from 2021 to 2024, there was a sharp increase, reflecting broader adoption and
practical implementation of AR in response to technological advancements and the increasing demand
for adaptive and engaging learning approaches. This acceleration was further propelled by the COVID -

19 pandemic, which underscored the necessity for effective distance-learning solutions.
3.2. Impact Sources, Authors, and Countries

RQ2. What are the most influential sources, leading authors, and productive countries in the research on augmented

reality technology in education?

To answer RQ2 regarding the most influential sources, prominent authors, and productive countries in
research on augmented reality technology in education, bibliometric analysis identifies key elements
that provide an overview of the greatest contributions in this field. The results of this analysis highlight
the various dominant publication sources, the most influential authors, and the countries with significant
research contributions on the topic. Figure 3 shows a diagram of the five most productive sources in
producing publications related to this topic. This analysis can help in selecting journals for future
publication of research results. If the research matches a topic widely covered in a particular journal,
then that journal can be a good choice for paper submission. The total number of journals obtained from
the analysis amounted to 562. In Figure 3, we filtered them into ten journals that are most productive
in producing research on using augmented reality technology in education.
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Figure 3. Top five most relevant and productive sources

Figure 3 shows the ten most prolific publication sources in augmented reality (AR) research for
education. This pie chart depicts the distribution of articles published in various journals, providing an
overview of the journals at the centre of research activity in this field. Understanding these key
publication sources can assist researchers and academics in identifying the most relevant and reputable
journals to publish their research.

The journal “Education and Information Technologies” emerged as the most productive source with 45
articles. It shows that integrating information technology in education is a significant area of research.
The articles in this journal explore how AR can be integrated with other technologies, such as learning
management systems and e-learning platforms, to create more interactive and practical learning

environments.

The journal “Education Sciences” with 37 articles, took second place, indicating that the field of
education generally recognizes the importance of AR research in developing new learning
methodologies and technologies. The journal publishes a wide range of studies exploring the application
of AR in various educational contexts, from primary to higher education, as well as in various

disciplines.

The International Journal of Interactive Mobile Technologies, with 32 articles, took third place,
underscoring the relevance of mobile technology in AR development and implementation. The journal
highlights how mobile devices can expand access to AR in education, making learning more flexible and
adaptive, which can be done anywhere and anytime.

Overall, this analysis of publication sources shows that research on AR in education is widespread across
journals focusing on education, technology, and sustainability. This reflects the diversity of AR
approaches and applications in education and the importance of interdisciplinary collaboration to
develop innovative solutions to address challenges and meet educational needs in the digital age. This
bibliometric analysis guides researchers on which journals are most relevant and influential in this field,
helping them plan their research publications more strategically.

Furthermore, the focus will be on prominent authors who have made significant contributions to the
advancement of AR research in education. Table 2 presents five authors who produced many
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publications related to using augmented reality technology in education. This analysis can help
researchers make the most contributing authors as references. The total number of authors obtained
from bibliometric analysis is 4607. Table 2 displays five authors who have been filtered as the most
productive in conducting and publishing research on using augmented reality technology in education.

Table 2. Top five most productive authors

Authors Documents Affiliations
Mantri, Archana 12 Chitkara University, India
Chen, Liru 7 Southeast University, China
Huwer, Johannes 7 University of Konstanz, Germany
Wang, Xi 7 University of Science and Technology, China
Andrade-Arenas, Laberiano 6 Universidad de Ciencias y Humanidades, Peru

Table 2 presents the five most prolific authors in the investigation of augmented reality (AR) technology
in education. Archana Mantri is the most prolific author from Chitkara University, Punjab, Rajpura,
India, with 12 publications. This illustrates Archana Mantri's substantial contribution to augmented
reality research in education, serving as a vital reference for other scholars in this domain. The inclusion
of two writers from Chitkara University indicates the institution's robust emphasis on augmented reality
research in teaching.

The second most prolific author in the current data is Liru Chen from Southeast University, China, with
seven publications. Chen's contributions highlight augmented reality research initiatives in China,
illustrating the nation's active engagement in investigating the potential of augmented reality in
education. Chen's research centres on the application of augmented reality to improve learning

experiences and its impact on student engagement and outcomes.

Johannes Huwer, affiliated with the University of Konstanz, Germany, has authored seven published
documents. In conjunction with Wang, Xi from the University of Science and Technology, China, they
emphasise substantial global contributions to augmented reality research in education. The existence of
numerous highly productive authors from various locations signifies a worldwide dedication to
enhancing the function of augmented reality in education. Moreover, Archana Mantri, with the most
publications (12), enhances Chitkara University's standing as a distinguished research centre in
augmented reality and educational technology, possibly indicating a robust research program at the

institution.

This revised study highlights essential authors, like Mantri, Chen, and others, whose publications are
vital references for scholars investigating the applications of AR in education. Utilising these
fundamental studies and promoting inter-institutional cooperation, future research can yield
transformative advances, guaranteeing that AR perpetuates the enhancement of educational quality and
accessibility worldwide.

In addition, an analysis of the most productive countries in producing AR -related research, as well as
the role of these countries in developing and advancing augmented reality technology in the context of
education. Figure 4 presents data from countries worldwide that contribute to this research. The total
number of countries obtained from the analysis is 73. In Figure 4, the author filters into the five most
productive affiliations in producing research on using augmented reality technology in education.
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Figure 4. Top five most productive countries

Based on Figure 4, the United States (USA) leads in research productivity concerning augmented reality
(AR) in education, with 747 documents and 2,035 citations. This indicates that the USA not only leads
in the volume of documents but also exerts considerable influence on global research in this field. The
USA's dominance in AR research can be attributed to its robust technological infrastructure, substantial
investment in educational innovation, and the presence of leading research institutions like MIT and
Stanford, which consistently produce high-impact research. This elevated production signifies the
existence of premier research institutions and robust academic collaboration, which facilitate the
advancement of augmented reality innovations for 21st-century education.

China ranks second with 533 documents and 1,435 citations, illustrating the nation's proactive
involvement in advancing AR technologies for education. China's substantial investment in digital
technology and its government-driven focus on educational modernization have positioned the country
as a key player in educational technology research [25]. China's substantial investment in digital
technology and technology-driven education substantially influences the worldwide trend. Research in
China frequently centres on augmented reality applications that incorporate adaptive learning, self-
directed learning, and enhanced student engagement.

Indonesia secured the third position with 472 documents, however with a comparatively lower citation
total of 449. This indicates that although Indonesia's productivity is elevated, the efficacy of its research
need enhancement. The lower citation rates in Indonesia can be attributed to challenges in global
research visibility, limited international collaboration, and the regional focus of many studies [26].
Indonesia may enhance its research effect by augmenting international collaboration and concentrating
on technologies that are more relevant to local contexts, such as augmented reality-based learning to
elevate the quality of education in distant regions. Strengthening these international ties and focusing
on localized educational challenges could increase the global recognition and citation of Indonesian AR
research [27].

Malaysia ranks fourth, possessing 348 documents and 578 citations. The nation exhibits consistent
advancement in augmented reality for educational research, mostly through initiatives from prominent
universities and international collaborations. Similar to Indonesia, Malaysia’s research productivity is
bolstered by strategic partnerships with global institutions, particularly in the integration of AR with
STEM (Science, Technology, Engineering, and Mathematics) education [28]. Malaysia's research
emphasis frequently encompasses the fusion of augmented reality with STEM education, aligning with
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contemporary educational requirements and addressing the global demand for more dynamic,
technology-driven learning models.

Germany completes the top five with 261 documents and 618 citations, demonstrating its substantial
impact in AR research despite a smaller document count relative to other nations. Germany’s significant
role in AR research can be attributed to its emphasis on foundational research, a strong focus on
collaborative European research initiatives, and its investment in the intersection of technology and
education. Germany prioritises foundational research and extensive international academic
collaboration, leading to AR technology developments that are frequently cited worldwide. This
research underscores the significance of international cooperation in recognising trends and effects of
augmented reality in 21st-century education, possessing substantial potential to yield more innovative
and inclusive educational solutions.

3.3. Top 10 Most Cited Article
RQ3. Which research documents are most often cited by other researchers?

To answer RQ3 regarding the research documents most frequently cited by other researchers, this
analysis identifies publications that have had a significant influence in the field of augmented reality (AR)
technology in education. The results of the analysis show documents that are often used as the main
reference, reflecting their contribution to the development of AR theory and applications in the context
of education. Table 2 shows the documents with the most citations worldwide. The table lists ten
articles out of 1232 related to using augmented reality technology in education, detailing the article
title, DOI (Digital Object Identifiers), number of citations received, and a column labelled TC (Total
Cited) per year or average total citations.

Table 3. Top five most cited articles

Title DOI Cited TC

“The effect of Augmented Reality Technology
on middle school student's achievements and 10.1016/j.compedu.2019.103710. 248  41.33
attitudes towards science education” [29]

“Virtual reality and augmented reality in social

. . . 10.1007/510055-020-00444-8. 227 4540
learning spaces: a literature review” [30]
“Augmented reality and mixed reality for
healthcare education beyond surgery: an 10.5116/ijme.5e01.¢ebla. 173 28.83

integrative review” [31]

“Augmented Reality and Virtual Reality for
Learning: An Examination Using an Extended 10.1109/ACCESS.2020.3048708. 158 31.60
Technology Acceptance Model” [32]

“Integrating TTF and UTAUT2 theories to
investigate the adoption of augmented reality

. . . 10.1016/j.techsoc.2021.101787. 145 29.00
technology in education: Perspective from a

developing country” [33]

“Challenges and Prospects of Virtual Reality

and  Augmented Reality Utilization among )00 1009000100876, 145  24.17

Primary School Teachers: A Developing
Country Perspective” [34]
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Table 3 shows the ten most cited articles in research on augmented reality (AR) in education. This data
shows which articles have had the most significant impact within the academic community, guiding
global research trends in using AR for education. These articles reflect various important aspects of AR
applications, from increasing student motivation, STEM learning support, gamification in education,
and adoption challenges in developing countries, to applications in sports training.

Augmented reality (AR) has become one of the key technologies in 21st-century education, as shown
by the data in the table. The article “The Effect of Augmented Reality Technology on Middle School
Student's Achievements and Attitudes Towards Science Education” was the most cited with 248
citations, showing that AR has a significant impact on improving student achievement and attitudes
towards science education [29]. This is in line with recent trends showing that AR can create a more
interactive and immersive learning experience, thus increasing student engagement. Research like this
emphasizes the role of AR as a catalyst in improving students' understanding of complex subject matter

[39].

Key themes emerging in AR-related research, as seen in the table, include the role of AR in health
education, STEM learning, and sports training. The article “Virtual Reality and Augmented Reality in
Social Learning Spaces: A Literature Review” with 227 citations, for example, highlights how AR can
create more effective collaborative learning environments [30]. This is supported by recent research
showing that AR can integrate theoretical knowledge with practical applications, especially in
professional fields such as healthcare and STEM [40].

AR adoption also shows geographical and contextual variations, as revealed in the article “Challenges
and Prospects of Virtual Reality and Augmented Reality Utilization among Primary School Teachers: A
Developing Country Perspective” which has 145 citations. The article underscores the infrastructure
and teacher training challenges of adopting these technologies in developing countries [34]. Recent
research supports these findings, suggesting that successful AR implementation is highly dependent on

infrastructure readiness and local education policies [41].

The AR integration model in education is also an important focus, as outlined in the article “Augmented
Reality for Learning: An Examination Using an Extended Technology Acceptance Model” with 158
citations. This study shows that frameworks such as the Technology Acceptance Model (TAM) are
essential for understanding AR adoption among users [32]. This is reinforced by other literature that
emphasizes that user-friendly interface design and relevant content are key to the successful

implementation of AR in the classroom [42].

Specific applications of AR in STEM education and sports also stand out. The article “A Systematic
Mapping Review of Augmented Reality Applications to Support STEM Learning in Higher Education”
with 134 citations shows that AR can facilitate the understanding of complex STEM concepts. In
addition, the article “Augmented Reality Tools for Sports Education and Training” with 131 citations
shows that AR-based simulations can improve students' physical skills as well as theoretical
understanding of sports [43], [44].

In addition, the trend of gamification and collaborative learning using AR is growing, as reflected in the
article “EmoFindAR: Evaluation of a mobile multiplayer augmented reality game for primary school
children” which has 136 citations. This study highlights how a gamified AR environment can improve
students' collaboration, critical thinking, and creativity. Other research also supports that AR-based
multiplayer platforms provide significant benefits to students' cognitive and social learning outcomes
[45].
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Opverall, recent data and research show that AR not only improves academic achievement but also
democratizes access to quality education globally. By making learning more interactive and adaptive,
AR is aligned with 21st-century education priorities such as inclusivity, innovation, and student
engagement. However, to ensure equitable implementation of AR, challenges such as cost, scale of
adoption, and teacher readiness need to be addressed through further research and policy [46].

3.4. Co-Occurrence Analysis
RQ4. What is the visualization of the co-occurrence analysis of the author's keywords on this topic?

To answer RQ#4, a co-occurrence analysis of keywords is presented using author keywords based on the
topic under study. Co-occurrence analysis is a bibliometric method to identify trends and patterns in
research topics. Trend analysis uses co-occurrence analysis to identify frequently occurring themes and
predict future research directions. Observing and analyzing patterns in a collection of publications
reveals the development of academic interests, research methods, and topic focus within the area. This
analysis is essential for various parties involved in the research world. Co-occurrence analysis is a
bibliometric technique to identify trends and patterns in specific literature.

This method stems from the assumption that keywords or terms that frequently co-occur in a single
document have a stronger relationship than can be explained by chance. In the context of trend analysis,
co-occurrence analysis can recognize emerging topics, track the development of research themes over
time, and even project future research directions. In addition, trend analysis can be used as a reference
for research gaps. Figure 5 displays the results of the co-occurrence analysis.

The keyword “augmented reality” is located at the center of the network, indicating that this is the main
focus of the research. This keyword is closely connected to various other terms, such as “education,”
“students,” and “learning systems.” This connection suggests that most research on AR in education
focuses on applying this technology to improve teaching-learning processes and student engagement
[47], [48]. These findings are consistent with previous studies that have highlighted the central role of
AR in transforming educational environments by enhancing interaction and engagement, particularly

through its integration into interactive learning systems [49].
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Figure 5. Co-occurrence analysis
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The keyword “students,” which is also close to “augmented reality,” indicates that many studies are
exploring the impact of AR on students' learning experiences. Research includes how AR can improve
student motivation, comprehension, and retention of information. This is important because the success
of educational technology relies heavily on student response and acceptance [50]. These findings echo
carlier work by Alvarez-Marin et al. [51], who examined how AR enhances student learning by

providing a more immersive and interactive educational experience.

The terms “virtual reality” and “visualization” also appear as essential keywords connected to
“augmented reality.” This shows that research often compares or combines AR with VR to enhance
visual experiences in education. Visualization enhanced with these technologies can help learn complex
and abstract concepts [52], [53]. Previous research has explored the synergy between AR and VR, noting
that both technologies can complement each other in creating more engaging and realistic learning
environments, particularly in subjects like engineering and medicine [54].

Keywords such as “mobile applications” and “e-learning” indicate the trend of using mobile devices and
online platforms in implementing AR. This aligns with the increasing adoption of mobile technology in
education, providing broader and more flexible access to AR-based learning materials [55]. These
findings are in line with studies that have shown the growing role of mobile AR applications in
education, particularly as mobile devices become more pervasive and integral to everyday learning [56].

The network's keyword “engineering education” indicates that AR is widely used in engineering
education. This is due to AR's ability to provide realistic and interactive simulations essential for
practical training in these fields. With AR, engineering students can visualize complex structures, while
medical students can practice clinical procedures in a safe and controlled environment [57], [58], [59].
This aligns with earlier research by Danmali et al. [60], which emphasized AR's potential in fields
requiring hands-on training, where visualization plays a crucial role in improving understanding and

skill acquisition.

The terms “motivation” and “teaching” relate to “augmented reality” and indicate that many studies have
explored how AR can be used to improve student motivation and teacher teaching methods [61], [62].
This research is essential to understand how technology can be effectively integrated into curriculum
and daily teaching practices. Previous studies have underscored the potential of AR to boost motivation
and enhance teaching strategies by offering dynamic and interactive learning opportunities, which

contribute to improved learning outcomes [63], [64].

Overall, this keyword network visualization provides insight into the main focus and sub-themes in AR
for education research. The analysis aligns with existing research networks, as previous studies have
identified similar patterns of interest in terms like mobile applications, engineering education, and
visualization. Through this bibliometric analysis, researchers can identify emerging research trends,
underexplored areas, and potential collaborations between fields. The co-occurrence of keywords also
reveals collaboration patterns, highlighting the interdisciplinary nature of AR research in education,
which involves contributions from fields such as computer science, engineering, and pedagogy. This
helps direct future research and ensure that the use of AR in education can have the maximum impact
on students and teachers worldwide.

4., CONCLUSION

This study aims to analyze the application of Augmented Reality (AR) technology in education using a
bibliometric analysis approach. Based on the results of data analysis from Scopus, it was found that the
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United States dominates publications on AR in education, followed by China, Indonesia, Malaysia, and
Germany. In addition, the development of AR publications shows a significant upward trend from 2020
to 2024, with a focus on the use of AR in STEM education and the integration of AR with other
technologies such as Virtual Reality.

This study makes an important contribution to understanding the evolution of AR research in education
and demonstrates the importance of international collaboration in the development of this technology.
However, this study has limitations in terms of data coverage, which is limited to documents available
on Scopus. For further research, it is advisable to expand the data sources and focus on the application
of AR in more specific educational contexts, as well as investigate in greater depth the challenges of AR
adoption in developing countries.

DECLARATIONS
Author Contributions

Afdal Luthfi: Writing — Review & Editing, Writing — Original Draft, Visualization, Software,
Resources, Conceptualization. Mukhlidi Muskhir: Writing — Review & Editing, Resources, Formal
Analysis, Data Curation. Hansi Effendi: Writing — Review & Editing, Writing — Original Draft,
Visualization, Validation, Supervision, Methodology, Investigation, Formal Analysis, Conceptualization.
Nizwardi Jalinus: Writing — Review & Editing, Resources, Formal Analysis, Data Curation.
Goncharova Maria Nikolaevna: Writing —  Review &  Editing,  Visualization,
Supervision, Data Curation.

Acknowledgements

The authors would like to express their sincere gratitude to all individuals and institutions who provided

invaluable support and resources throughout the research process.

Ethical Approval

This study did not involve human or animal participants; therefore, ethical approval was not required
Data Availability Statement

The data supporting this study’s findings are available upon reasonable request.

Funding

The authors declare that no funding was received for this research.

Competing Interests

The authors declare that they have no competing interests.

Generative Al and Al-Assisted Technologies Statement

During the preparation of this work or manuscript, the author(s) used Grammarly and Quilboot to assist
in improving the readability, language, and overall structure of the manuscript. Following the use of

this tool, the author(s) thoroughly reviewed and edited the content, ensuring its accuracy and integrity.
The author(s) take full responsibility for the content and conclusions presented in the published article.

| 178 | https://doi.org/10.58536/j-hytel.173
Mapping the Future of Augmented Reality in 21st Century Education: ... (Afdal Luthfi et al., 2025)


https://portal.issn.org/resource/ISSN/2985-9166
https://doi.org/10.58536/j-hytel.173

Journal of Hypermedia & Technology-Enhanced Learning
Vol. 3, No. 2, June (2025), Pages 165184 | e-ISSN: 2985-9166

REFERENCES

(1]

[2]

(3]

[14]

L. Daniela, “New perspectives on virtual and augmented reality,” in New Perspectives on Virtual and
Augmented Reality, Routledge, 2020, doi: 10.4324/9781003001874.

G. Papanastasiou, A. Drigas, C. Skianis, M. Lytras, and E. Papanastasiou, “Virtual and augmented
reality effects on K-12, higher and tertiary education students’ twenty-first century skills,” Virtual
Real, vol. 23, no. 4, pp. 425436, 2019, doi:10.1007/510055-018-0363-2.

G. Lampropoulos, I. Georgiadou, E. Keramopoulos, and K. Siakas, “An educational augmented
reality application for improving knowledge acquisition,” INSPIRE XXV, p. 193, 2020.

B. T. Familoni and N. C. Onyebuchi, “Augmented and virtual reality in us education: a review:
analyzing the impact, effectiveness, and future prospects of AR/VR tools in enhancing learning
experiences,” International Journal of Applied Research in Social Sciences, vol. 6, no. 4, pp. 642—663,
2024, doi: 10.51594 /ijarss.v6i4.1043.

A. H. M. Adnan, “From interactive teaching to immersive learning: Higher Education 4.0 via 360-
degree videos and virtual reality in Malaysia,” in IOP Conference Series: Materials Science and
Engineering, IOP Publishing, 2020, p. 012023, doi: 10.1088/1757-899X/917/1/012023.

M. A. Kuhail, A. ElSayary, S. Farooq, and A. Alghamdi, “Exploring immersive learning
experiences: A survey,” Informatics, MDPI, 2022, p. 75, doi: 10.3390/informatics9040075.

M. Muskhir, A. Luthfi, H. Effendi, N. Jalinus, A. D. Samala, and V. Slavov, “Can Mobile-Based
Augmented Reality Improve Learning in Electrical Circuit Education?,” International Journal of
Information and Education Technology, vol. 15, no. 3, 2025, doi: 10.18178/ijiet.2025.15.3.2268.

M. Muskhir, A. Luthfi, H. Sidiq, and R. Fadillah, “Development of Augmented Reality Based
Interactive Learning Media on Electric Motor Installation Subjects,” JOIV: International Journal on
Informatics Visualization, vol. 8, no. 4, pp. 2097-2103, 2024, doi: 10.62527/joiv.8.4.2256.

H. Hidayat, S. Sukmawarti, and S. Suwanto, “The application of augmented reality in elementary
school education,” Research, Society and Development, vol. 10, no. 3, pp. e14910312823—
e14910312823, 2021, doi: 10.33448/rsd-v10i3.12823.

K. A. Bélek, G. De Jong, and D. Henssen, “The effectiveness of the use of augmented reality in
anatomy education: a systematic review and meta-analysis,” Sci Rep, vol. 11, no. 1, p. 15292, 2021,
doi: 10.1038/s41598-021-94721-4.

J. Garzon, “An overview of twenty-five years of augmented reality in education,” Multimodal

Technologies and Interaction, vol. 5, no. 7, p. 37, 2021, doi: 10.3390/mti5070037.

S. Li, X. Jiao, S. Cai, and Y. Shen, “Enhancing AR-based learning environments for STEM

education: A design-based study on design features, kinematics learning and mathematics self-
efficacy,” British Journal of Educational Technology, 2024, doi: 10.1111/bjet.13528.

M. Muskhir, A. Luthfi, R. Watrianthos, U. Usmeldi, A. Fortuna, and A. Dwinggo Samala,
“Emerging Research on Virtual Reality Applications in Vocational Education: A Bibliometric

Analysis,” Journal of Information Technology Education: Innovations in Practice, vol. 23, p. 005,
2024, doi: 10.28945/5284.

K. Najaf, O. Atayah, and S. Devi, “Ten years of Journal of Accounting in Emerging Economies: a

review and bibliometric analysis,” Journal of Accounting in Emerging Economies, vol. 12, no. 4, pp.
663—694, 2022, doi: 10.1108/JAEE-03-2021-0089.

| 179 | https://doi.org/10.58536/j-hytel.173
Mapping the Future of Augmented Reality in 21st Century Education: ... (Afdal Luthfi et al., 2025)


https://portal.issn.org/resource/ISSN/2985-9166
https://doi.org/10.58536/j-hytel.173
https://doi.org/10.4324/9781003001874
https://doi.org/10.1007/s10055-018-0363-2
https://doi.org/10.51594/ijarss.v6i4.1043
https://doi.org/10.1088/1757-899X/917/1/012023
https://doi.org/10.3390/informatics9040075
https://doi.org/10.18178/ijiet.2025.15.3.2268
https://doi.org/10.62527/joiv.8.4.2256
https://doi.org/10.33448/rsd-v10i3.12823
https://doi.org/10.1038/s41598-021-94721-4
https://doi.org/10.3390/mti5070037
https://doi.org/10.1111/bjet.13528
https://doi.org/10.28945/5284
https://doi.org/10.1108/JAEE-03-2021-0089

Journal of Hypermedia & Technology-Enhanced Learning
Vol. 3, No. 2, June (2025), Pages 165184 | e-ISSN: 2985-9166

[21]

[22]

[23]

[27]

(28]

R. Kumar, “Bibliometric Analysis: Comprehensive Insights into Tools, Techniques, Applications,
and Solutions for Research Excellence,” Spectrum of Engineering and Management Sciences, vol. 3, no.
1, pp. 4562, 2025, doi: 10.31181/sems31202535k.

S. Harnal et al., “Bibliometric mapping of theme and trends of augmented reality in the field of
education,” ] Comput Assist Learn, vol. 40, no. 2, pp. 824847, 2024, doi: 10.1111/jcal. 12899,

A. D. Samala et al., “Global Publication Trends in Augmented Reality and Virtual Reality for
Learning: The Last Twenty-One Years,” International Journal of Engineering Pedagogy (iJEP), vol. 13,
no. 2, pp. 109-128, Mar. 2023, doi: 10.3991 /ijep.v13i2.35965.

M. A. Nurhutami, A. Mu’minah, A. A. Yamin, A. Pahrulroji, G. T. Jayanti, and R. Les Pingon,
“Bibliometric Computational Mapping Analysis of Publications on Industrial Engineering in

Industrial Product Design Through Vosviewer,” Journal of Engineering Science and Technology, vol.
18, no. 6, pp. 29442957, 2023.

R. A. Nugraha et al., “Augmented Reality in Education Review: Bibliometric Computational
Mapping Analysis Using Vosviewer,” Journal of Engineering Science and Technology, vol. 18, no. 6, pp.
29762989, 2023.

J. Baas, M. Schotten, A. Plume, G. Coté¢, and R. Karimi, “Scopus as a curated, high-quality
bibliometric data source for academic research in quantitative science studies,” Quantitative science

studies, vol. 1, no. 1, pp. 377-386, 2020, doi: 10.1162/qss a_00019.

S. A. S. AlRyalat, L. W. Malkawi, and S. M. Momani, “Comparing bibliometric analysis using
PubMed, Scopus, and Web of Science databases,” JoVE (Journal of Visualized Experiments), no. 152,
p- €58494, 2019, doi: 10.3791/58494-v.

J. Pélonen, M. Laakso, R. Guns, E. Kulczycki, and G. Sivertsen, “Open access at the national level:
A comprehensive analysis of publications by Finnish researchers,” Quantitative Science Studies, vol. 1,
no. 4, pp. 13961428, 2020, doi: 10.1162/gss a 00084.

M. Gusenbauer, “Search where you will find most: Comparing the disciplinary coverage of 56
bibliographic ~databases,” Scientometrics, vol. 127, no. 5, pp. 2683-2745, 2022, doi:
10.1007/511192-022-04289-7.

R. Watrianthos, S. T. Ahmad, and M. Muskhir, “Charting the Growth and Structure of Early
ChatGPT-Education Research: A Bibliometric Study,” Journal of Information Technology Education:
Innovations in Practice, vol. 22, pp. 235-253, 2023, doi: 10.28945/5221.

J. Cao, C. Yu, and Y. Wu, “Policy Instrument Preferences and Optimization Strategies: Based Text
Analysis of Provincial-Level Education Digitalization Policy from China,” Educ Sci , vol. 14, no. 5,
p- 539, 2024, doi: 10.3390/educsci14050539.

M. K. J. Abdullah Sani, S. Shari, N. Z. Sahid, N. Shaifuddin, Z. Abdul Manaf, and A. van Servellen,
“ASEAN Library and Information Science (LIS) research (2018—2022): a bibliometric analysis with

strategies for enhanced global impact,” Scientometrics, vol. 129, no. 1, pp. 95-125, 2024, doi:
10.1007/s11192-023-04878-0.

M. G. Hunter, A. Soro, R. A. Brown, ]J. Harman, and T. Yigitcanlar, “Augmenting community
engagement in city 4.0: Considerations for digital agency in urban public space,” Sustainability, vol.
14, no. 16, p. 9803, 2022, doi: 10.3390/su14169803.

R. Idris, P. Govindasamy, S. Nachiappan, and ]. Bacotang, “Revolutionizing STEM education:
Unleashing the potential of STEM interest careers in Malaysia,” International Journal of Academic
Research in Business and Social Sciences, vol. 13, no. 7, pp. 1741-1752, 2023, doi:
10.6007/IJARBSS. /v13-i7/17608

| 180 | https://doi.org/10.58536/j-hytel.173
Mapping the Future of Augmented Reality in 21st Century Education: ... (Afdal Luthfi et al., 2025)


https://portal.issn.org/resource/ISSN/2985-9166
https://doi.org/10.58536/j-hytel.173
https://doi.org/10.31181/sems31202535k
https://doi.org/10.1111/jcal.12899
https://doi.org/10.3991/ijep.v13i2.35965
https://doi.org/10.1162/qss_a_00019
https://doi.org/10.3791/58494-v
https://doi.org/10.1162/qss_a_00084
https://doi.org/10.1007/s11192-022-04289-7
https://doi.org/10.28945/5221
https://doi.org/10.3390/educsci14050539
https://doi.org/10.1007/s11192-023-04878-0
https://doi.org/10.3390/su14169803
https://doi.org/10.6007/IJARBSS./v13-i7/17608

Journal of Hypermedia & Technology-Enhanced Learning
Vol. 3, No. 2, June (2025), Pages 165184 | e-ISSN: 2985-9166

[42]

[43]

D. Sahin and R. M. Yilmaz, “The effect of Augmented Reality Technology on middle school
students’ achievements and attitudes towards science education,” Comput Educ, vol. 144, p. 103710,
2020, doi: 10.1016/j.compedu.2019.103710.

A. Scavarelli, A. Arya, and R. ]J. Teather, “Virtual reality and augmented reality in social learning
spaces: a literature review,” Virtual Real, vol. 25, no. 1, pp. 257277, 2021, doi: 10.1007/5s10055-
020-00444-8.

J. Gerup, C. B. Soerensen, and P. Dieckmann, “Augmented reality and mixed reality for healthcare
education beyond surgery: an integrative review,” Int | Med Educ, vol. 11, p. 1, 2020, doi:
10.5116/ijme.5e01.ebla.

J. Jang, Y. Ko, W. S. Shin, and I. Han, “Augmented reality and virtual reality for learning: An
examination using an extended technology acceptance model,” IEEE access, vol. 9, pp. 6798—6809,
2021, doi: 10.1109/ACCESS.2020.3048708.

K. M. S. Fagih and M.-I. R. M. Jaradat, “Integrating TTF and UTAUT?2 theories to investigate the
adoption of augmented reality technology in education: Perspective from a developing country,”
Technol Soc, vol. 67, p. 101787, 2021, doi: 10.1016/j.techsoc.2021.101787.

N. Alalwan, L. Cheng, H. Al-Samarraie, R. Yousef, A. I. Alzahrani, and S. M. Sarsam, “Challenges
and prospects of virtual reality and augmented reality utilization among primary school teachers: A

developing country perspective,” Studies in Educational Evaluation, vol. 66, p. 100876, 2020, doi:
10.1016/j.stueduc.2020.100876.

L. Lopez-Faican and J. Jaen, “EmoFindAR: Evaluation of a mobile multiplayer augmented reality
game for primary school children,” Comput Educ, vol. 149, p. 103814, 2020, doi:
10.1016/j.compedu.2020.103814.

S. Mystakidis, A. Christopoulos, and N. Pellas, “A systematic mapping review of augmented reality
applications to support STEM learning in higher education,” Educ Inf Technol , vol. 27, no. 2, pp.
1883-1927, 2022, doi: 10.1007/5s10639-021-10682-1.

M. B. Ibafiez, A. U. Portillo, R. Z. Cabada, and M. L. Barron, “Impact of augmented reality
technology on academic achievement and motivation of students from public and private Mexican

schools. A case study in a middle-school geometry course,” Comput Educ, vol. 145, p. 103734, 2020,
doi: 10.1016/j.compedu.2019.103734.

P. Soltani and A. H. P. Morice, “Augmented reality tools for sports education and training,” Comput
Educ, vol. 155, p. 103923, 2020, doi: 10.1016/j.compedu.2020.103923.

F. Costu, “Exploring augmented reality (AR) in science education: Perspectives from gifted
students,” ] Educ Res, pp. 1-18, 2024, doi: 10.1080/00220671.2024.2431681.

G. Lampropoulos, E. Keramopoulos, K. Diamantaras, and G. Evangelidis, “Augmented reality and
gamification in education: A systematic literature review of research, applications, and empirical
studies,” Applied Sciences, vol. 12, no. 13, p. 6809, 2022, doi: 10.3390/app12136809.

E. E. Cranmer, C. Urquhart, M. C. tom Dieck, and T. Jung, “Developing augmented reality
business models for SMEs in tourism,” Information & Management, vol. 58, no. 8, p. 103551, 2021,
doi: 10.1016/4.im.2021.103551.

M. Singh, S. Bangay, H. Grossek, and A. Sajjanhar, “Forest Classroom: A case study of Educational
augmented reality design to Facilitate Classroom Engagement,” Multimodal Technologies and
Interaction, vol. 7, no. 5, p. 46, 2023, doi: 10.3390/mti7050046.

J. Zhang and Y.-S. Huang, “Augmented reality in sports and physical education,” in Springer
Handbook of Augmented Reality, Springer, 2023, pp. 355-368, doi: 10.1007/978-3-030-67822-
7 14.

| 181 | https://doi.org/10.58536/j-hytel. 173
Mapping the Future of Augmented Reality in 21st Century Education: ... (Afdal Luthfi et al., 2025)


https://portal.issn.org/resource/ISSN/2985-9166
https://doi.org/10.58536/j-hytel.173
https://doi.org/10.1016/j.compedu.2019.103710
https://doi.org/10.1007/s10055-020-00444-8
https://doi.org/10.1007/s10055-020-00444-8
https://doi.org/10.5116/ijme.5e01.eb1a
https://doi.org/10.1109/ACCESS.2020.3048708
https://doi.org/10.1016/j.techsoc.2021.101787
https://doi.org/10.1016/j.stueduc.2020.100876
https://doi.org/10.1016/j.compedu.2020.103814
https://doi.org/10.1007/s10639-021-10682-1
https://doi.org/10.1016/j.compedu.2019.103734
https://doi.org/10.1016/j.compedu.2020.103923
https://doi.org/10.1080/00220671.2024.2431681
https://doi.org/10.3390/app12136809
https://doi.org/10.1016/j.im.2021.103551
https://doi.org/10.3390/mti7050046
https://doi.org/10.1007/978-3-030-67822-7_14
https://doi.org/10.1007/978-3-030-67822-7_14

Journal of Hypermedia & Technology-Enhanced Learning
Vol. 3, No. 2, June (2025), Pages 165184 | e-ISSN: 2985-9166

[52]

[53]

[54]

Y. Liu, V. E. Sathishkumar, and A. Manickam, “Augmented reality technology based on school
physical education training,” Computers and Electrical Engineering, vol. 99, p. 107807, 2022.
10.1016/j.compeleceng.2022.107807.

N. M. Hatta, I. Ahmad, M. H. Zakaria, H. A. S. Murti, and U. C. Pendit, “The Role of Multiplayer
Online Educational Games in Enhancing Critical Thinking,” IJORER: International Journal of Recent
Educational Research, vol. 5, no. 6, pp. 1506—1521, 2024, doi: 10.46245 /ijorer.v5i6.713.

B. T. Familoni and N. C. Onyebuchi, “Augmented and virtual reality in us education: a review:
analyzing the impact, effectiveness, and future prospects of AR/VR tools in enhancing learning
experiences,” International Journal of Applied Research in Social Sciences, vol. 6, no. 4, pp. 642—663,
2024, doi: 10.51594/ijarss.v6i4.1043.

D. P. Kaur, A. Mantri, and B. Horan, “Enhancing student motivation with use of augmented reality
for interactive learning in engineering education,” Procedia Comput Sci, vol. 172, pp. 881-885, 2020,
doi: 10.1016/j.procs.2020.05.127.

T. Lham, P. Jurmey, and S. Tshering, “Augmented reality as a classroom teaching and learning
tool: Teachers’ and students’ attitude,” Asian Journal of Education and Social Studies, vol. 12, no. 4,
pp- 2735, 2020, doi: 10.9734/ajess/2020/v12i430318.

H. Ate$, “Integrating augmented reality into intelligent tutoring systems to enhance science
education outcomes,” Educ Inf Technol, pp. 1-36, 2024, doi: 10.1007/510639-024-12970-y.

M. S. Taat and A. Francis, “Factors Influencing the Students’ Acceptance of E-Learning at Teacher
Education Institute: An Exploratory Study in Malaysia.,” International Journal of Higher Education,
vol. 9, no. 1, pp. 133—141, 2020, doi: 10.5430/ijhe.vInlpi133.

A. Alvarez-Marin, M. Paredes-Velasco, J. A. Velazquez-Iturbide, and L. Palma-Chilla, “Insights
into usability, academic outcomes, and emotional responses in an AR-Interactive learning

environment,” Interactive Learning Environments, PP- 1-15, 2024, doi:

10.1080/10494820.2024.2440862.

Y.-S. Su, H.-W. Cheng, and C.-F. Lai, “Study of virtual reality immersive technology enhanced
mathematics geometry learning,” Front Psychol, vol. 13, p. 760418, 2022, doi:
10.3389/fpsyg.2022.760418.

J. Y. Wong et al., “Evaluations of Virtual and Augmented Reality Technology-Enhanced Learning
for  Higher Education,”  Electronics, vol. 13, mno. 8, p. 1549, 2024, doi:
10.3390/electronics13081549.

A. Alvarez-Marin and J. A. Velazquez-Iturbide, “Augmented reality and engineering education: A
systematic review,” IEEE Transactions on Learning Technologies, vol. 14, no. 6, pp. 817-831, 2022,
doi: 10.1109/TLT.2022.3144356.

T. A. Syed etal., “In-depth review of augmented reality: Tracking technologies, development tools,
AR displays, collaborative AR, and security concerns,” Sensors, vol. 23, no. 1, p. 146, 2022, doi:
10.3390/s23010146.

G. Lampropoulos, E. Keramopoulos, K. Diamantaras, and G. Evangelidis, “Augmented reality and
gamification in education: A systematic literature review of research, applications, and empirical
studies,” Applied Sciences, vol. 12, no. 13, p. 6809, 2022, doi: 10.3390/app12136809.

F.-K. Chiang, X. Shang, and L. Qiao, “Augmented reality in vocational training: A systematic
review of research and applications,” Comput Human Behav, vol. 129, p. 107125, 2022, doi:
10.1016/j.chb.2021.107125.

K. S. Tang, D. L. Cheng, E. Mi, and P. B. Greenberg, “Augmented reality in medical education: a
systematic review,” Can Med Educ ], vol. 11, no. 1, p. e81, 2020, doi: 10.36834/cmej.61705.

| 182 | https://doi.org/10.58536/j-hytel.173
Mapping the Future of Augmented Reality in 21st Century Education: ... (Afdal Luthfi et al., 2025)


https://portal.issn.org/resource/ISSN/2985-9166
https://doi.org/10.58536/j-hytel.173
https://doi.org/10.1016/j.compeleceng.2022.107807
https://doi.org/10.46245/ijorer.v5i6.713
https://doi.org/10.51594/ijarss.v6i4.1043
https://doi.org/10.1016/j.procs.2020.05.127
https://doi.org/10.9734/ajess/2020/v12i430318
https://doi.org/10.1007/s10639-024-12970-y
https://doi.org/10.5430/ijhe.v9n1p133
https://doi.org/10.1080/10494820.2024.2440862
https://doi.org/10.3389/fpsyg.2022.760418
https://doi.org/10.3390/electronics13081549
https://doi.org/10.1109/TLT.2022.3144356
https://doi.org/10.3390/s23010146
https://doi.org/10.3390/app12136809
https://doi.org/10.1016/j.chb.2021.107125
https://doi.org/10.36834/cmej.61705

Journal of Hypermedia & Technology-Enhanced Learning
Vol. 3, No. 2, June (2025), Pages 165184 | e-ISSN: 2985-9166

[59]

[60]

[61]

[62]

[63]

[64]

O. O. Lavrentieva, I. O. Arkhypov, O. I. Kuchma, and A. D. Uchitel, “Use of simulators together
with virtual and augmented reality in the system of welders’ vocational training: past, present, and

future,” in Augmented reality in education: proceedings of the 2nd international workshop (AREdu 2019),
CEUR Workshop Proceedings, 2020, pp. 201-216, doi: 10.31812/123456789/3748.

S. S. Danmali, O. O. Ogunlade, and A. Abdullahi, “Review on Enhancing Hands-on Learning

through Virtual Learning Environment Technologies (AR&VR) for Skill Development in Teacher
Education Programme,” International Journal of Research and Innovation in Social Science, vol. 9, no. 1,
pp- 1302—-1319, 2025, doi: 10.47772/1JRISS.2025.9010110.

X. Huang, D. Zou, G. Cheng, and H. Xie, “A systematic review of AR and VR enhanced language
learning,” Sustainability, vol. 13, no. 9, p. 4639, 2021, doi: 10.3390/5u13094639.

N. M. Alzahrani, “Augmented reality: A systematic review of its benefits and challenges in e-
learning contexts,” Applied Sciences, vol. 10, no. 16, p. 5660, 2020, doi: 10.3390/app10165660.

M. A. M. AlGerafi, Y. Zhou, M. Oubibi, and T. T. Wijaya, “Unlocking the potential: A
comprehensive evaluation of augmented reality and virtual reality in education,” Electronics , vol.
12, no. 18, p. 3953, 2023, doi: 10.3390/electronics12183953.

H. Ates, “Integrating augmented reality into intelligent tutoring systems to enhance science
education outcomes,” Educ Inf Technol, pp. 1-36, 2024, doi: 10.1007/510639-024-12970-y.

opswaAccsss
This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use, sharing,

adaptation, distribution, and reproduction in any medium orjbrmat, provided that appropriate credit is given to the original author(s) and

the source, a link to the Creative Commons license is provided, and any modifications are indicated. Unless otherwise specified in a credit line,

this article’s images or other third-party material are included under the Creative Commons license. If certain material is not covered by the

article’s Creative Commons license and its intended use is not permitted by statutory regulation or exceeds the allowed usage, permission must

be obtained directly from the copyright holder. http:/ /creativecommons.org/licenses/by/4.0/.

AUTHOR BIOGRAPHIES

Afdal Luthfi is graduated with a Bachelor's degree in Vocational Education in
Electrical Engineering from the Universitas Negeri Padang (UNP) in 2022. He is
continued his master studies at the Faculty of Engineering, Technical Vocational
Education, UNP, Indonesia. He works as an assistant professor in Department of
Electrical Engineering, Faculty of Engineering, UNP. His research interests
include educational technology, emerging technologies in education, vocational

education and training, virtual reality, augmented reality, and mobile learning.

= 2

Mukhlidi Muskhir graduated with a with a doctoral in vocational technology
education at Universitas Negeri Yogyakarta, graduating in 2017. He is currently
a lecturer in the Department of Electrical Engineering, Faculty of Engineering,
Universitas Negeri Padang. His research interests include the research-based
learning model, the self-directed learning model, and the curriculum

o
/i : development in vocational tech-nology education.

= (>

| 183 | https://doi.org/10.58536/j-hytel. 173
Mapping the Future of Augmented Reality in 21st Century Education: ... (Afdal Luthfi et al., 2025)


https://portal.issn.org/resource/ISSN/2985-9166
https://doi.org/10.58536/j-hytel.173
https://doi.org/10.31812/123456789/3748
https://doi.org/10.47772/IJRISS.2025.9010110
https://doi.org/10.3390/su13094639
https://doi.org/10.3390/app10165660
https://doi.org/10.3390/electronics12183953
https://doi.org/10.1007/s10639-024-12970-y
http://creativecommons.org/licenses/by/4.0/
mailto:afdalluthfi02@gmail.com
https://www.scopus.com/authid/detail.uri?authorId=57218097621
http://orcid.org/0009-0002-2029-7182
https://www.webofscience.com/wos/author/record/KRN-4113-2024
mailto:muskhir@ft.unp.ac.id
https://www.scopus.com/authid/detail.uri?authorId=57202285594
http://orcid.org/0000-0002-3885-9756
https://www.webofscience.com/wos/author/record/HJZ-0574-2023

Journal of Hypermedia & Technology-Enhanced Learning
Vol. 3, No. 2, June (2025), Pages 165—184 | e-ISSN: 2985-9166

Hansi Effendi is Working as a senior lecturer in the Electrical Engineering
Department at the Faculty of Engineering, Universitas Negeri Padang since 2002.
His research focuses on ICT-based learning models.

=1Slio] >

|
|

|

Nizwardi Jalinus is a Professor of Vocational Education at Universitas Negeri
Padang, Indonesia. He is also the Editor-in-Chief of the Journal of Vocational
Technology Education and the Head of the Vocational Research Center. His main

I

research areas include vocational education, development of teaching practice

=
& "
&

curricula, learning models, educational leadership and administration, and
innovations in teaching and engineering education. He has published extensively
in leading international journals and has also authored books on education.

=1SClio] e

Goncharova Maria Nikolaevna is the Head of the Department of
Scientometry and a lecturer at the Department of Regional and Sectoral
Economics of the Ural State University of Economics, Yekaterinburg, Russia. She
has over 10 years of experience in economic development and scientific
management and specializes in regional economics and scientometrics. She has
published extensively on scientific management, economic development, and

regional economics. Her current research focuses on regional economic dynamics

and scientometric analysis in economic research.

(=15

Publisher’s and Journal’s Note Sagamedia Teknologi Nusantara, as the publisher and editor (_)f the Journal qf Hypermedia &
Technolog)uEnhanred Learning (ij)fTEL), upholds the highext ethical standards in academic publishin(q. The ]'ourna[ remains neutral with
regard to jurisdictional claims in published maps and institutional affiliations. Authors are fully responsible for the originality, accuracy, and
integrity of their work. Post-publication ethical concerns will be addressed through corrections, clarifications, or retractions as necessary. The

content of this publication has not been approved by the United Nations and does not reflect the views of the United Nations or its officials or

Member States. https: //www.un.org/sustainabledevelopment

| 184 | https://doi.org/10.58536/j-hytel.173
Mapping the Future of Augmented Reality in 21st Century Education: ... (Afdal Luthfi et al., 2025)


https://portal.issn.org/resource/ISSN/2985-9166
https://doi.org/10.58536/j-hytel.173
https://www.un.org/sustainabledevelopment
mailto:hans_79@ft.unp.ac.id
https://www.scopus.com/authid/detail.uri?authorId=57202285594
http://orcid.org/0000-0002-5981-7045
https://www.webofscience.com/wos/author/record/U-1515-2018
mailto:nizwardi@ft.unp.ac.id
https://www.scopus.com/authid/detail.uri?authorId=57202285594
http://orcid.org/0000-0002-6995-1897
https://www.webofscience.com/wos/author/record/DVE-7348-2022
mailto:gonchmn@usue.ru
http://scopus.com/authid/detail.uri?authorId=57224826329
https://orcid.org/0000-0002-6774-7358

	1. Introduction
	2. Methods
	3. Results and Discussion
	3.1. Overview
	3.2. Impact Sources, Authors, and Countries
	3.3. Top 10 Most Cited Article
	3.4. Co-Occurrence Analysis

	4. Conclusion
	Declarations
	References
	Author Biographies

