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ABSTRACT

Introduction. One innovation that can enrich learning experiences and student motivation is technology, specifically 
Augmented Reality (AR). AR technology offers opportunities to provide a more interactive and immersive learning 
experience, which can support the achievement of the Sustainable Development Goals (SDGs). This research aims to 
explore the trend of using AR technology in science education as an effort to support the SDGs. 

Methods. This study uses bibliometric methods and literature review to examine trends in the use of Augmented Reality 
(AR) technology in science education, with an emphasis on its contribution to the achievement of the Sustainable 
Development Goals (SDGs). This study aims to answer several main questions, namely: 1) What are the main trends 
developing in the application of AR in science education in the last five years based on literature indexed in Scopus? 
2) To what extent are the authors' contributions and international collaborations related to this topic? 3) What are the 
innovations in AR technology that have been applied in science education and how do they support the SDGs? 4) What 
are the research gaps that still need to be addressed in the application of AR in science education? The approach used 
includes bibliometric analysis to produce quantitative results systematically with the help of VOSviewer software, as well 
as a literature review that refers to the PRISMA approach. Data were obtained from the Scopus database in December 
2024, by screening international articles relevant to the focus of this research.

Results. Bibliometric analysis shows that the use of AR in science education is growing, with a significant increase in the 
utilization of this technology over the past 5 years. AR is proven to provide a more interactive learning experience and 
help students understand abstract science concepts, as well as increase their engagement in learning. This research also 
found that there is strong international collaboration in the development of AR applications in science education, as well 
as implementation challenges that need to be overcome. In addition, this study highlights some research gaps that need 
to be further explored to maximize the potential of AR in supporting the SDGs.

Practical significance. The implications of this study are significant for educators who utilize AR technology to enhance 
21st century skills in students. The findings provide insight into current trends in science education and demonstrate the 
importance of technology integration in learning to support the achievement of the SDGs. This study is also a valuable 
reference for further research and development in the utilization of AR and other digital technologies in creating a more 
engaging and effective learning environment.
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INTRODUCTION
Science education plays a crucial role in equipping future generations with the skills needed to 

face global challenges, including the achievement of the Sustainable Development Goals (SDGs) 
[1; 2]. For this reason, it is important for the education system to develop approaches that build 
21st century skills, such as critical thinking, collaboration, creativity, and digital literacy, so that 
students can adapt to the rapid changes in an increasingly digitalized world [3; 4]. However, 
traditional learning methods, which often rely on lectures or simple laboratory experiments, often 
do not capture students' attention enough or are unable to explain complex science concepts 
in a way that is easy to understand [5; 6]. Therefore, the education system needs to adapt to 
technological developments to enhance learning experiences and motivate students to master 
complex scientific concepts [7; 8].

The transformation of education to face the demands of the 21st century is strongly influenced 
by rapid technological advances [9]. In this context, the use of technology in education is becoming 
increasingly important, especially to support the achievement of the SDGs, which demand integration 
between education, sustainability and technological innovation. In science education, particularly 
physics, conventional learning methods that are often limited in providing engaging and relevant 
learning experiences can lead to a lack of student motivation and interest [10]. Learning models 
centered on lectures, whiteboards, and simple conversations are often insufficient to capture the 
attention of a generation of learners who are already accustomed to technology. Students often find 
it difficult to understand physics, chemistry and biology subject matter due to a lack of real-world 
applications of the concepts taught, or limited opportunities to explore and interact more deeply with 
the material [11; 12]. The challenge in science education is how to create a motivating and relevant 
learning environment for students in this digital age.

One solution that can bridge the gap is to utilize technology that can offer a more interactive and 
immersive learning experience [13]. Technologies such as Augmented Reality (AR) open up great 
opportunities to improve science learning. AR can provide a more interactive learning experience, 
allowing students to interact directly with abstract scientific concepts, and show real-world 
applications of the concepts learned [14]. AR technology also allows students to explore the world 
of physics in greater depth, provides engaging visualizations, and enables virtual experiments that 
cannot be conducted in traditional classrooms [13]. Through technology-based learning approaches, 
students can be more actively involved in the learning process, improve their understanding of 
science concepts, and develop important 21st century skills such as problem solving, collaboration, 
communication, and digital literacy [15].

However, although the potential of AR in science education is increasingly visible, there are still 
many challenges in its application to support the achievement of SDGs. Research on how AR can be 
effectively integrated in science education and its contribution to achieving the SDGs is still limited. 
Therefore, it is important to explore trends in the use of AR in science education, as well as evaluate 
its impact on 21st century skills and sustainable development goals. This research aims to provide 
insights into the development of AR technology in science education and identify the potential and 
challenges in its application to support the SDGs.

RESEARCH METHODS
1. Methods of Analysis

This study combines bibliometric and literature review methods to analyze trends [16; 17] in the 
use of AR in science education as an effort to support the achievement of SDGs, particularly SDG 4 
relating to quality education. This method allows the research to provide quantitative results through 
bibliometric analysis and qualitative insights through a structured and systematic literature review 
[18; 19]. In this study, bibliometric analysis serves to map publication trends, assess the contribution 
of articles in enriching knowledge, and evaluate literature sources from various perspectives [20].
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2. Data collecting

Data for this study were collected through a search of scientific articles on the Scopus database 
covering literature relevant to the use of AR in science education. The articles selected were 
publications published in the period 2019 to 2023, to ensure relevance and up-to-date with the latest 
trends. The keywords used in the search were performed with the PRISMA method as follows.

Figure 1 PRISMA Method Research Flow Chart

Bibliometric analysis was conducted using VOSviewer software to map and analyze publication 
distribution, keyword trends, and relationships between authors and countries involved [21;22] in AR 
research in science education. This step aims to identify the main patterns in the use of AR in science 
education, as well as the contribution of research to the achievement of SDGs. The analysis will also 
look at the distribution of research topics, international collaboration, as well as identifying increasing 
or decreasing trends in the number of publications. This research will present a synthesis of relevant 
findings, provide recommendations for further development [22; 23] in the application of AR in science 
education, and identify opportunities and challenges in integrating this technology to support the SDGs.

This research is limited to articles available in the Scopus database, with a focus on relevant 
publications between 2020 and 2024. Articles that do not prioritize the use of AR in the context of science 
education or that do not explicitly discuss its contribution to the SDGs will be excluded from the analysis.

RESULTS 
1. Publication Trends AR Technology in Science education in the last five years

This research examines the application of AR technology in science education to support the 
achievement of SDGs. The literature search process was carried out through the Scopus database 
using the keywords listed in Figure 1. The results of this search illustrate the publication trends in 
the use of AR in science education from 2020 to 2024. The following are the results of publications 
regarding the use of AR for the last 5 years.

The trend of publications regarding the utilization of AR in science education has shown a 
significant increase in the last five years, which indicates the growing interest and recognition of the 
potential of AR in education. The trend results show that AR is still a relevant and growing topic in 
education. This is in accordance with [25] research, which says AR research has increased every year 
from 2002 to 2021.The increase in publications also illustrates that AR technology is increasingly 
being adopted by educational institutions at various levels, from primary education to higher 
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education. This publication growth trend shows that there are many innovations and advancements in 
research related to the application of AR in education. Research focuses not only on the effectiveness 
of the technology, but also on the development of new methods, practical applications, and its 
influence on the development of students' skills and knowledge. This reflects that the use of AR in 
education continues to grow, and further research is needed to optimize its application.

Figure 2 Number of Publications on the Use of Augmented Reality in Science Education
 in the Last 5 Years

Factors driving this growth include advances in AR technology itself, which is becoming more 
affordable and accessible, as well as a major shift in education triggered by the COVID-19 pandemic. 
Online learning introduced during the pandemic is driving the adoption of technologies that can 
deliver a more meaningful learning experience [26], such as AR, which allows students to interact 
with subject matter in a more engaging way even at home [27]. In addition, the need for innovation 
in learning methods, especially in the field of science that requires visualization of complex concepts, 
makes it more urgent to adopt AR technology that can make learning easier to understand and more 
interesting for students [28]. AR allows students to interact directly with the subject matter, thus 
aiding the understanding of difficult concepts in science [29]. AR can contribute to the achievement 
of SDG 4 Quality Education by providing a new, more interactive way of teaching science.

Overall, this growing publication trend shows that AR has great potential to transform science 
education, while supporting the achievement of the SDGs. Growing research in this area is expected 
to accelerate the adoption of AR globally, opening up opportunities for educational solutions that are 
more inclusive, sustainable, and more engaging for future generations.

Publication citation data related to the use of AR in science education shows significant fluctuations 
from 2020 to 2024. Fluctuations in the number of publication citations related to the use of AR in 
science education reflect the dynamics of interest and influence of this technology in the academic 
world. Spikes in the number of citations that occur in certain years indicate that AR has become 
a topic that attracts widespread attention among researchers, especially after 2020. This surge 
indicates a growing recognition of the potential of AR in improving the quality of learning, especially 
in teaching complex science concepts through more interactive means. The large number of citations 
in these periods shows that research on AR is not only exploratory, but also shows results that are 
relevant and useful for the development of technology-based education.

The significance of these citations is the recognition of AR's great contribution to education, 
showing that this technology has made a real impact in modernizing teaching and learning. The high 
number of citations indicates that the researcher has delved deeply into the literature, thus providing 
a strong theoretical basis for the research conducted [30]. From the data, the high citations reflect 
the importance of AR in supporting the achievement of SDG 4 Quality Education, by improving the 
learning experience and providing better access to education through technology. Although there is a 
decrease in the number of citations, this does not diminish the importance of AR in the development 
of innovative and sustainable science education. Instead, it opens space for more research focused 
on a deeper understanding of how AR can be applied more effectively and sustainably in education, in 
accordance with the broader sustainable development goals (SDGs).
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Figure 3 Distribution of research publications cited by AR in Science Education in the last 5 years

Analysis of the types of sources and types of documents in publication trends on the use of 
AR in science education shows the dominance of journal articles as the most widely produced 
form of publication. Of the available data, 603 publications came from journals, indicating that 
scientific journals are the main medium for researchers to publish their findings related to the 
application of AR in science education. This reflects that research on AR in science education tends 
to be more in-depth, data-driven, and published in an academically accredited format, which is 
accessible to the global scientific community. In addition, the conference with 270 publications also 
shows the importance of scientific forums as a place to share the latest findings and have direct 
discussions regarding the application of AR in educational contexts. Conferences are often a venue 
for presenting innovative ideas and current research before it is fully published in journals, so the 
high number at this conference indicates that the topic of AR in science education is a dynamic and 
rapidly evolving area of research.

(a)

 

(b)

Figure 4 Distribution Types of publications on AR distribution in Science Education in the last 5 years
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In terms of document type, articles are the most dominant form of publication with 450 
documents, indicating that AR research in science education is more often presented in a 
structured article format with more detailed analysis and based on scientific methodology. 
Meanwhile, conference papers with 314 publications show that conferences are still an important 
means of presenting preliminary findings or ongoing research results, and often lead to more 
interactive discussions.

 Overall, this data illustrates that AR in science education is not only an accepted topic in scientific 
journals, but also actively discussed in conferences. The predominant publication in articles and 
conferences suggests that AR has a direct impact on innovation in education and the advancement 
of scientific thinking in the field. These sources and document types also show that although the 
technology is still in its infancy, AR research continues to grow and attract the attention of academics 
across various publication platforms.

2. Top 5 authors, affiliations, and languages with the most publications in each AR 
research topic category in Science Education

Table 1

Top 5 Authorship, Affiliates, and Language in Each Research 

Top Authorship Top Affiliation Top Language
Author Total Affiliation Total Language Total

Huwer, J. 9 Chitkara University, Punjab 11 English 1.002
Mantri, A. 7 Universiti Teknologi Malaysia 9 Spanish 27

Cai, S. 6 National Taiwan Normal University 9 Chinese 5
Moro, C. 6 Institute for Digitalisation of Education of the NAES of Ukraine 9 Russian 4

Semerikov, S.O. 6 Atatürk Üniversitesi 8 Koeran 3

Table 1 describes the top authors, affiliations, and languages used in AR-related publications in 
science education revealing some interesting patterns. The author with the most contributions in this 
field is J. Huwer, who is listed with 9 publications, followed by A. Mantri, and S. Cai, with 7 and 6 
publications, respectively. The dominance of these authors indicates that they have a significant role in 
AR research and development in science education. In terms of affiliations, Chitkara University, Punjab 
leads with a total of 11 publications, followed by Universiti Teknologi Malaysia and National Taiwan 
Normal University, each with 9 publications. The existence of these affiliations also reflects the growing 
international collaboration in exploring the potential of AR to improve the quality of education.

In terms of language, the majority of AR publications in science education are in English (1,002 
publications), which is the dominant language in the global academic literature, allowing the 
resulting findings and innovations to be more accessible to the international scientific community 
[31]. However, there were also significant numbers of publications using Spanish, Chinese, and 
Russian, with 27, 5, and 4 publications, respectively, indicating a sizable contribution from these 
language-speaking countries in AR research. This suggests that while English remains the main 
language of global scientific publication, there is also an increase in collaboration and publication in 
other languages that allows knowledge of AR in science education to spread more widely to different 
parts of the world. Overall, these data reflect the globalization of research in AR, where researchers 
and affiliates from different countries and languages are actively involved in advancing the use of 
this technology for education. With increased international collaboration and language diversity in 
publications, AR in science education.

3. Research Trends on AR Use in Science Education Worldwide

Based on the number of published AR in Science Education documents, it shows that the United 
States takes the top spot with 131 documents, indicating that the country has a dominant role in the 
development and research of AR for education. China also shows significant research contributions 
with 93 documents, indicating that the country has taken great strides in technology adoption in 
the education sector, including AR. China's strong position in technology and innovation allows AR 
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research to flourish there, influencing education policy and supporting new approaches to education 
that are more interactive and effective. Spain, Germany and India with 63, 61 and 55 documents 
respectively show that these countries are also actively contributing to the advancement of AR 
in science education. This reflects the great attention to educational technology development in 
Europe and Asia, with increased utilization of AR as a tool to provide more engaging and immersive 
learning experiences [32]. Malaysia, Turkey, and Indonesia with 53, 50, and 49 documents show that 
developing countries are also increasingly playing an important role in AR research. These countries 
are increasingly realizing the potential of AR to improve the quality of education, and many have 
started projects to implement AR in classrooms, especially to support more interactive and immersive 
science learning. On the other hand, the United Kingdom and Taiwan, with 46 and 31 documents, 
also show good contributions although in slightly lower numbers. Overall, this data shows that AR in 
science education has become a global concern, with countries around the world actively engaged 
in research and development of this technology. This increase in research contributions from various 
countries reflects a growing awareness of the potential of AR in creating a more inclusive, engaging 
and technology-based education.

 

Figure 5 Top 10 Research contributions of AR trends in world Science Education in top countries

4. Visualization mapping of research trends in Augmented Reality in Science Education

Table 2

Top 10 keywords of AR trends in Science Education over the past 5 years

All Augmented Reality in Science Education
Keywords Occurrence Total Link Strength Keywords Occurrence Total Link Strength

Augmented Reality 702 4722 E-Learning 132 1193
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Virtual Reality 288 2331 Teaching 84 855
Students 217 1822 Learning 68 700
Education 174 1409 Learning System 75 672

Engineering Education 156 1289 Education Computing 72 635

The data shows the top keywords related to the use of AR in science education over the past five 
years. Each keyword has two important metrics, namely Occurrence, which shows how often the 
keyword appears in related publications, and Total Link Strength, which measures how strong the 
keyword's relationship is with other keywords in the analyzed literature network [33]. These metrics 
provide insight into how dominant or relevant a topic is in AR-related research in science education.

From the data, Augmented Reality is the most dominant keyword, with very high occurrence 
and large total link strength, indicating that AR is a major center of attention in science education 
research. This technology is in focus because of its ability to deliver interactive learning experiences, 
which accelerate students' understanding of abstract science concepts [14; 30]. The high occurrence 
of Virtual Reality keywords also shows that VR is often used in conjunction with AR, enriching the 
learning experience with more immersive and realistic simulations.

The keywords Students and Education indicate that AR is increasingly focused on improving the 
student experience and the overall quality of education. The use of AR in the context of science 
education can strengthen student engagement in learning, leading to a deeper understanding of the 
material [35]. In addition, the Engineering Education keyword indicates that AR is also widely applied 
in the field of engineering education, where this technology allows students to learn through virtual 
simulations and experiments that are difficult to do in a physical environment.

Overall, this data reflects that AR has become a very important tool in creating a more interactive, 
technology-based, and well-rounded science education experience. This trend supports the 
achievement of SDG 4 Quality Education, which prioritizes inclusive, equitable, and quality education. 
With AR technology, the learning process is not only limited to the delivery of information, but also 
allows students to learn actively, creatively, and applicatively [36], thus creating more equitable 
educational opportunities that are relevant to global technological developments.

5. Findings on Augmented Reality in Science Education over the past 5 years

 

Figure 6 Visualization mapping of keyword occurrences across AR in Science Education 
over the last 5 years
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(a)

(b)

 

(c)

Figure 7 Mapping keyword visualization more specifically on AR related topics in Science education

The results of the bibliometric visualization mapping that shows the relevance of AR to more 
specific keywords in the field of science education provide important insights into the direction of 
research and application of this technology. In the mapping, AR has a close relationship with concepts 
such as teaching, e-learning, student, education, motivation, and science education. This relevance 
indicates that AR is not only seen as a technological tool, but also as a pedagogical approach that can 
improve various aspects of the learning process [37]. 
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AR's relationship with teaching confirms that this technology plays an important role in classroom 
teaching methods. AR enables more interactive teaching, allowing students to interact directly with 
the subject matter visually and three-dimensionally [38]. This provides a more immersive learning 
experience, where students not only passively receive information, but can also see and feel scientific 
concepts in a more tangible way [30]. In addition, e-learning is a key element in this mapping, which 
suggests that AR is highly relevant in the context of online learning that allows students to learn the 
subject matter directly even if they are not in a physical classroom [39].

The association of AR with students and motivation shows that this technology has great potential 
in increasing students' learning motivation. AR creates a more engaging learning environment, 
with visualizations that make it easier to understand complex concepts in science [40]. Through 
a more enjoyable and immersive learning experience, students are more likely to actively engage 
in the learning process and maintain their attention longer, which can ultimately improve learning 
outcomes. In addition, AR's relationship with education and science education shows that this 
technology has a significant impact in education in general, especially in science education. AR 
provides a new way of teaching science in a more visual and contextualized way, allowing students 
to better understand scientific principles. AR offers a powerful tool for enhancing science education, 
particularly in making abstract concepts more tangible and easier to understand. For instance, 
AR can be used to visualize complex chemical structures in 3D, helping students grasp molecular 
behavior more intuitively. Chen and Liu [29] explored this in a chemistry course, demonstrating how 
AR can provide students with interactive experiences to experiment with elements and visualize 
their behavior in a way that traditional methods cannot. In a similar context, Nandyansah et al [41] 
investigated the use of AR in teaching the atomic model in physics. Their study, focusing on the 
Physics AR tool, showed that AR technology can significantly improve students' abstract thinking 
skills by providing visualizations of atomic structures that were otherwise difficult to conceptualize. 
Furthermore, Celik et al [42] explored the application of mobile AR in biology education, specifically 
in studying cardiac anatomy. They found that AR helped students better understand the spatial 
relationship between the anatomy of the heart. So it can be said that AR technology plays an 
important role in the transformation of science education and can help achieve the SDGs, especially 
in improving the quality of education and scientific understanding among the younger generation.

Based on the results of bibliometric visualization mapping, it is found that AR has a very strong 
relevance to the concept of STEM education in the context of science education. This keyword 
mapping shows that AR is not only related to science education in general, but also strongly related 
to STEM-based learning, which is increasingly becoming a global focus to prepare students for the 
challenges of a complex modern world. The association of AR with STEM education signifies that this 
technology provides great benefits in creating more immersive and interactive learning experiences 
in the fields of science, technology, engineering and math [43]. In STEM education, AR is used to 
introduce abstract and difficult-to-understand concepts through more concrete three-dimensional 
visualizations Thus, AR supports STEM education by introducing the practical and applicable aspects 
of engineering and technology concepts, and enhancing students' ability to think critically and 
creatively in solving problems [44].

Overall, this keyword mapping confirms that AR in science education is not only relevant to 
technical aspects, but also to pedagogical and psychological aspects. AR has the potential to enrich 
science learning experiences, both in the physical classroom and in the e-learning context, while 
increasing student motivation and engagement. Thus, the utilization of AR in science education can 
contribute significantly to the achievement of better global education goals.

Table 3

Overview of the most cited papers showing the contribution of AR in Science Education 
in supporting the SDGs

Author Year/ Cited Level of Education
Sahin, D., Yilmaz, R.M. [45] 2020/243 Junior High School

Altmeyer, K. et al [46] 2020/108 College
Jesionkowska, J. et al [47] 2020/102 Senior High School
Chen, S.-Y., Liu, S.-Y. [29] 2020/78 Junior High School
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Petrov, P.D., Atanasova, T.V. [48] 2020/63 Senior High School
Salar, R. et al [49] 2020/60 College
Chen, C.-H. [50] 2020/53 Elementary School

Del Cerro Velázquez, F., Méndez, G.M. [51] 2021/50 Junior High School
Çetin, H., Türkan, A. [52] 2022/45 Elementary School

Lu, S.-J. et al [53] 2020/44 Elementary School
Flores-Bascuñana, M. et al [54] 2020/40 Elementary School

Osadchyi, V.V. et al [55] 2021/38 General
Turan, Z., Atila, G. [56] 2021/37 Junior High School

Lo, J.-H. et al [57] 2021/36 Elementary School
Harun et al [58] 2020/31 Senior High School

Enzai, N.I.M. et al [59] 2020/29 College
Celik, C. et al [42] 2020/29 College

Ilona-Elefteryja, L. et al [60] 2020/27 Junior High School
Gonzalez, A.A. et al [61] 2020/22 College

Karagozlu, D. [62] 2021/21 Junior High School
Jiang, S. et al [63] 2022/17 Senior High School
Chen, S.-Y. [64] 2020/10 Elementary School

Czok, V. et. al [65] 2023/4 College
Latipah, J. et al [66] 2021/1 General

Kulkarni, R.V., Harne, R. [67] 2024/0 College

Based on a review of the most cited publications on the contribution of AR in science education, it 
can be seen that AR technology has had a significant positive impact at various levels of education, 
ranging from elementary school to higher education. These studies show that AR can improve 
conceptual understanding, student engagement, as well as positive attitudes towards science 
learning, which greatly supports the achievement of the Sustainable Development Goals (SDGs), 
especially SDG 4 on quality education. 

Overall, these data suggest that AR not only improves student learning outcomes in science 
education, but also supports the development of important skills in 21st century education, such as, 
technology skills, and collaboration, all of which contribute to the overall achievement of the SDGs. 
The integration of AR in science education opens up great opportunities to bring education closer 
to the real world, improve the quality of learning, and provide long-term impact for a more globally 
competitive future generation [13].

By supporting quality education and innovation in education, Augmented Reality plays a very 
important role in driving the achievement of the Sustainable Development Goals (SDGs) [1; 64]. AR 
not only improves quality and engagement in science learning, but also creates a more inclusive and 
sustainable environment for students around the world [65]. Going forward, AR has great potential 
to be further integrated in educational curricula at various levels, and become an enabler for the 
positive changes needed to achieve the SDGs in the 21st century.

DISCUSSION OF THE RESULTS
In this section, the implications of the bibliometric results and their significance for the field of 

science education, particularly with regard to the use of AR technology. The findings demonstrate 
the growing integration of AR in science education and its strong correlation with key educational 
concepts such as teaching, student motivation, e-learning, and STEM education. The data obtained 
from the bibliometric visualization mapping revealed some important insights into the role of AR in 
improving learning experiences and supporting the achievement of the SDGs, particularly SDG 4 on 
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quality education. The bibliometric mapping shows that AR is not just a technological tool, but also a 
transformative pedagogical approach, offering interactive and immersive learning experiences. 

AR's ability to actively engage students is an important factor in its ability to increase motivation 
and participation. By providing hands-on experiences, AR transforms passive learning into an 
interactive process, which encourages deeper engagement. This is in line with research [40; 41] 
showing that AR helps to improve abstract thinking and increase students' interest in science 
subjects. The link between AR and STEM education is another important finding. As STEM education 
becomes a global priority, the potential of AR to make abstract concepts in science, technology, 
engineering, and math more tangible and interactive is crucial. Several studies [42; 43] underline 
how AR enhancing students' understanding of technical concepts through 3D visualization and 
simulation is highly relevant in the context of STEM education.

Bibliometric analysis also confirms that AR has a positive impact on different levels of education, 
from primary school to higher education, contributing to better conceptual understanding and 
improved student attitudes towards science. These findings suggest that AR has the potential 
to support the SDGs by improving education quality, fostering critical thinking, and preparing 
students for the challenges of the 21st century. However, integrating AR in education presents 
challenges, including the need for teacher training and technological infrastructure. Despite these 
obstacles, the benefits of AR in improving educational outcomes justify its continued integration 
into the curriculum. As AR develops, its role in advancing the SDGs and transforming education 
will continue to grow. In conclusion, AR is a technological tool that can improve the quality and 
accessibility of science education, making it more engaging and effective. The findings from this 
study suggest that AR's contribution to education will continue to grow, offering long-term benefits 
to learners and global education goals.

CONCLUSION
Based on the analysis of trends in the use of AR in science education, it can be concluded that 

AR has great potential to support the achievement of SDGs, especially in improving the quality of 
education and creating a more inclusive and interactive learning experience. The use of AR in science 
education can encourage the development of 21st century skills. The major emerging trends in the 
application of AR in science education show that this technology is increasingly being used to improve 
students' understanding of complex scientific concepts at various levels of education. Significant 
contributions from various authors around the world, with countries such as China, Germany, India, 
Indonesia and several European countries active in research related to the application of AR in 
science education. AR technology innovations that have been applied in science education include the 
use of AR-based applications for visualization of science concepts, such as simulation of chemistry, 
physics, and biology experiments. This technology not only improves concept understanding but 
also encourages active and constructive learning. In the context of the SDGs, the application of AR 
supports SDG 4 (Quality Education) by creating more effective learning experiences. Although AR has 
shown positive impacts in science education, further research is needed to identify challenges and 
barriers in its application, as well as how this technology can be integrated more effectively in STEM 
education curricula based on local context and specific needs. Therefore, further research exploring 
the utilization of AR in science and STEM education is essential to ensure that this technology can 
be more optimal in supporting the achievement of the SDGs. Overall, AR provides great potential 
to revolutionize science education and contribute to the goals of the SDGs. Therefore, more 
comprehensive follow-up research, including the exploration of technology-based STEM concepts and 
the development of more effective AR implementation strategies, will be crucial in creating higher 
quality and sustainable science learning.

ACKNOWLEDGEMENT
Thank you for funding this research. Kolaborasi Penelitian Strategis (KATALIS), DRTPM 2024, 

Ministry of Education, Culture, Research and Technology, Indonesia, supported this work.



688

Perspektivy Nauki i Obrazovania | 2025 | 3

REFERENCES
1.	 Prayogi, S., & Verawati, N. N. S. P. (2024). Physics learning technology for sustainable development goals 

(sdgs): a literature study. International Journal of Ethnoscience and Technology in Education, 1(2), 155–
191. https://doi.org/10.33394/ijete.v1i2.12316

2.	 Abera, H. G. (2023). The role of education in achieving the Sustainable Development Goals (SDGs): A global 
evidence based research article. International Journal of Social Science and Education Research Studies, 
3(01), 67–81. https://doi.org/10.55677/ijssers/V03I1Y2023-09

3.	 Thornhill-Miller, B., Camarda, A., Mercier, M., Burkhardt, J.-M., Morisseau, T., Bourgeois-Bougrine, S., 
Vinchon, F., El Hayek, S., Augereau-Landais, M., & Mourey, F. (2023). Creativity, Critical Thinking, 
Communication, and Collaboration: Assessment, Certification, and Promotion of 21st Century Skills 
for the Future of Work and Education. Journal of Intelligence, 11(3), 54. https://doi.org/10.3390/
jintelligence11030054

4.	 Amin, A. M., Adiansyah, R., & Hujjatusnaini, N. (2023). The contribution of communication and digital 
literacy skills to critical thinking. Jurnal Pendidikan Sains Indonesia (Indonesian Journal of Science 
Education), 11(3), 697–712. https://doi.org/10.24815/jpsi.v11i3.30838

5.	 May, D., Terkowsky, C., Varney, V., & Boehringer, D. (2023). Between hands-on experiments and Cross 
Reality learning environments–contemporary educational approaches in instructional laboratories. In 
European Journal of Engineering Education (Vol. 48, Issue 5, pp. 783–801). Taylor & Francis. https://doi.org
/10.1080/03043797.2023.2248819

6.	 Assem, H. D., Nartey, L., Appiah, E., & Aidoo, J. K. (2023). A Review of Students’ Academic Performance 
in Physics: Attitude, Instructional Methods, Misconceptions and Teachers Qualification. European Journal of 
Education and Pedagogy, 4(1), 84–92. https://doi.org/10.24018/ejedu.2023.4.1.551

7.	 Zourmpakis, A.-I., Kalogiannakis, M., & Papadakis, S. (2023). Adaptive gamification in science education: An 
analysis of the impact of implementation and adapted game elements on students’ motivation. Computers, 
12(7), 143. https://doi.org/10.3390/computers12070143

8.	 Familoni, B. T., & Onyebuchi, N. C. (2024). 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, 6(4), 642–663. https://doi.org/10.51594/
ijarss.v6i4.1043

9.	 Purwanto, M. B., Hartono, R., & Wahyuni, S. (2023). Essential skills challenges for the 21st century 
graduates: Creating a generation of high-level competence in the industrial revolution 4.0 era. Asian Journal 
of Applied Education (AJAE), 2(3), 279–292. https://doi.org/10.55927/ajae.v2i3.3972

10.	 Balakrishna, C. (2023). The impact of in-classroom non-digital game-based learning activities on students 
transitioning to higher education. Education Sciences, 13(4), 328.

11.	 Byukusenge, C., Nsanganwimana, F., & Paulo Tarmo, A. (2023). Difficult topics in the revised biology 
curriculum for advanced level secondary schools in Rwanda: teachers’ perceptions of causes and remedies. 
Journal of Biological Education, 57(5), 1112–1128. https://doi.org/10.3390/educsci13040328

12.	 Ratna, R. D. M., & Adlini, M. N. (2024). Problem-based learning assisted by virtual laboratory media: 
Its effect on students’ understanding of concepts in excretory system material. Journal of Research in 
Instructional, 4(1), 284–294. https://doi.org/10.30862/jri.v4i1.410

13.	 AlGerafi, M. A. M., Zhou, Y., Oubibi, M., & Wijaya, T. T. (2023). Unlocking the potential: A comprehensive 
evaluation of augmented reality and virtual reality in education. Electronics, 12(18), 3953. https://doi.
org/10.3390/electronics12183953

14.	 Ateş, H. (2024). Integrating augmented reality into intelligent tutoring systems to enhance science education 
outcomes. Education and Information Technologies, 1–36. https://doi.org/10.1007/s10639-024-12970-y

15.	 Kamarudin, M. Z., Mat Noor, M. S. A., & Omar, R. (2024). A scoping review of the effects of a technology-
integrated, inquiry-based approach on primary pupils’ learning in science. Research in Science & 
Technological Education, 42(3), 828–847. https://doi.org/10.1080/02635143.2022.2138847

16.	 Prahani, B. K., Dawana, I. R., Jatmiko, B., & Amelia, T. (2023). Research Trend of Big Data in Education 
During the Last 10 Years. International Journal of Emerging Technologies in Learning, 18(10). https://doi.
org/10.3991/ijet.v18i10.38453

17.	 Prahani, B. K., Nisa, K., Nurdiana, M. A., Krisnaningsih, E., Amiruddin, M. Z. Bin, & Sya’roni, I. (2023). 
Analyze of STEAM education research for three decades. JOTSE, 13(3), 837–856. https://doi.org/10.3926/
jotse.1670

18.	 Jing, Y., Wang, C., Chen, Y., Wang, H., Yu, T., & Shadiev, R. (2024). Bibliometric mapping techniques in 
educational technology research: A systematic literature review. Education and Information Technologies, 
29(8), 9283–9311. https://doi.org/10.1007/s10639-023-12178-6

19.	 Aisah, S. N., Sunarti, T., Prahani, B. K., Habibbulloh, M., Deta, U. A., Wibowo, F. C., & Sanjaya, L. A. (2024). 
Bibliometric analysis related to culture-based physics learning to improve critical thinking ability. AIP 
Conference Proceedings, 3116(1). https://doi.org/10.1063/5.0210752



689

Perspektivy Nauki i Obrazovania | 2025 | 3

20.	 Prahani, B. K., Bin Amiruddin, M. Z., Jatmiko, B., Suprapto, N., & Amelia, T. (2022). Top 100 Cited 
Publications for The Last Thirty Years in Digital Learning and Mobile Learning. International Journal of 
Interactive Mobile Technologies, 16(8). https://doi.org/10.3991/ijim.v16i08.29803

21.	 Martins, J., Gonçalves, R., & Branco, F. (2024). A bibliometric analysis and visualization of e-learning 
adoption using VOSviewer. Universal Access in the Information Society, 23(3), 1177–1191. https://doi.
org/10.1007/s10209-022-00953-0

22.	 Suliyanah, M. Z. A., & Prahani, B. K. (n.d.-v). Scientific argumentations research for last 10 years: analysis 
bibliometric. International Journal of Evaluation and Research in Education, 2127. https://doi.org/10.11591/
ijere.v13i4.26374

23.	 Prahani, B., Alfin, J., Fuad, A., Saphira, H., Hariyono, E., & Suprapto, N. (2022). Learning management 
system (LMS) research during 1991-2021: How technology affects education. International Journal of 
Emerging Technologies in Learning (IJET), 17(17), 28–49. https://doi.org/10.3991/ijet.v17i17.30763

24.	 Deta, U. A., Kurniawan, F. K., Lestari, N. A., Yantidewi, M., Jauhariyah, M. N. R., & Prahani, B. K. (2021). 
Literature review on the use of educational physics games in improving learning outcomes. Journal of 
Physics: Conference Series, 1805(1), 12038. https://doi.org/10.1088/1742-6596/1805/1/012038

25.	 Prahani, B. K., Saphira, H. V., Wibowo, F. C., & Sulaeman, N. F. (2022). Trend and Visualization of Virtual 
Reality & Augmented Reality in Physics Learning from 2002-2021. Journal of Turkish Science Education, 
19(4), 1096–1118. https://doi.org/10.36681//tused.2022.164

26.	 Li, J., & Wang, R. (2024). Determining the role of innovative teaching practices, sustainable learning, and 
the adoption of e-learning tools in leveraging academic motivation for students’ mental well-being. BMC 
Psychology, 12(1), 163. https://doi.org/10.1186/s40359-024-01639-3

27.	 Novaliendry, D., Saltriadi, K. S., Mahyuddin, N., Sriwahyuni, T., & Ardi, N. (2022). Development of Interactive 
Media Based on Augmented Reality for Early Childhood Learning Around the Home. International Journal of 
Interactive Mobile Technologies, 16(24). https://doi.org/10.3991/ijim.v16i24.34501

28.	 Arzak, K. A., & Prahani, B. K. (2023). The physics problem solving skills profile of high school students in 
elasticity material and the implementation of augmented reality book-assisted PBL model. Momentum: 
Physics Education Journal, 7(1), 66–77. https://doi.org/10.21067/mpej.v7i1.6704

29.	 Chen, S.-Y., & Liu, S.-Y. (2020). Using augmented reality to experiment with elements in a chemistry course. 
Computers in Human Behavior, 111, 106418. https://doi.org/10.1016/j.chb.2020.106418

30.	 Dawana, I. R., Prahani, B. K., Hariyono, E., Ghofur, M. A., Wibowo, F. C., & Bunyamin, M. A. H. (2024). 
Utilisation of augmented reality technology in physics education: A bibliometric analysis and its impact on 
Sustainable Development Goals (SDGs). E3S Web of Conferences, 513, 4006. https://doi.org/10.1051/
e3sconf/202451304006

31.	 Ramírez-Castañeda, V. (2020). Disadvantages in preparing and publishing scientific papers caused by the 
dominance of the English language in science: The case of Colombian researchers in biological sciences. PloS 
One, 15(9), e0238372. https://doi.org/10.1371/journal.pone.0238372

32.	 Zhang, J., Wan Yahaya, W. A. J., & Sanmugam, M. (2024). The Impact of Immersive Technologies on 
Cultural Heritage: A Bibliometric Study of VR, AR, and MR Applications. Sustainability, 16(15), 6446. https://
doi.org/10.3390/su16156446

33.	 Hernández-Torrano, D., & Ibrayeva, L. (2020). Creativity and education: A bibliometric mapping of the 
research literature (1975–2019). Thinking Skills and Creativity, 35(December 2019), 100625. https://doi.
org/10.1016/j.tsc.2019.100625

34.	 Jesionkowska, J., Wild, F., & Deval, Y. (2020). Active learning augmented reality for steam education—a case 
study. Education Sciences, 10(8), 1–15. https://doi.org/10.3390/educsci10080198

35.	 Wen, Y. (2021). Augmented reality enhanced cognitive engagement: Designing classroom-based 
collaborative learning activities for young language learners. Educational Technology Research and 
Development, 69(2), 843–860. https://doi.org/10.1007/s11423-020-09893-z

36.	 Tuta, J., & Luić, L. (2024). D-Learning: An Experimental Approach to Determining Student Learning 
Outcomes Using Augmented Reality (AR) Technology. Education Sciences, 14(5), 502.  https://doi.
org/10.3390/educsci14050502

37.	 Garzón, J., Baldiris, S., Gutiérrez, J., & Pavón, J. (2020). How do pedagogical approaches affect the impact of 
augmented reality on education? A meta-analysis and research synthesis. Educational Research Review, 31, 
100334. https://doi.org/10.1016/j.edurev.2020.100334

38.	 Suprapto, N., Ibisono, H. S., & Mubarok, H. (2021). The Use of Physics Pocketbook Based on Augmented 
Reality on Planetary Motion To Improve Students’ Learning Achievement. Journal of Technology and Science 
Education, 11(2), 526–540. https://doi.org/10.3926/jotse.1167

39.	 Childs, E., Mohammad, F., Stevens, L., Burbelo, H., Awoke, A., Rewkowski, N., & Manocha, D. (2023). An 
overview of enhancing distance learning through emerging augmented and virtual reality technologies. IEEE 
Transactions on Visualization and Computer Graphics. https://doi.org/10.1109/TVCG.2023.3264577

40.	 Yang, F.-Y., & Wang, H.-Y. (2023). Tracking visual attention during learning of complex science concepts 
with augmented 3D visualizations. Computers & Education, 193, 104659. https://doi.org/10.1016/j.
compedu.2022.104659



690

Perspektivy Nauki i Obrazovania | 2025 | 3

41.	 Nandyansah, W., Suprapto, N., & Mubarok, H. (2020). Picsar (Physics Augmented Reality) as a learning 
media to practice abstract thinking skills in atomic model. Journal of Physics: Conference Series, 1491(1), 
12049. https://doi.org/10.1088/1742-6596/1491/1/012049

42.	 Celik, C., Guven, G., & Cakir, N. K. (2020). Integration of mobile augmented reality (MAR) applications 
into biology laboratory: Anatomic structure of the heart. Research in Learning Technology, 28. https://doi.
org/10.25304/rlt.v28.2355

43.	 Sırakaya, M., & Alsancak Sırakaya, D. (2022). Augmented reality in STEM education: A systematic review. 
Interactive Learning Environments, 30(8), 1556–1569. https://doi.org/10.1080/10494820.2020.1722713

44.	 Suryanto, R. A., Dewi, P. S., & Rosana, D. (2022). Development of augmented reality integrated physics 
e-worksheet to improve students’ problem-solving skills. Momentum: Physics Education Journal, 6(2), 150–
161. https://doi.org/10.21067/mpej.v6i2.6624

45.	 Sahin, D., & Yilmaz, R. M. (2020). The effect of Augmented Reality Technology on middle school students’ 
achievements and attitudes towards science education. Computers & Education, 144, 103710. https://doi.
org/10.1016/j.compedu.2019.103710

46.	 Altmeyer, K., Kapp, S., Thees, M., Malone, S., Kuhn, J., & Brünken, R. (2020). The use of augmented 
reality to foster conceptual knowledge acquisition in STEM laboratory courses—Theoretical background 
and empirical results. British Journal of Educational Technology, 51(3), 611–628. https://doi.org/10.1111/
bjet.12900

47.	 Jesionkowska, J., Wild, F., & Deval, Y. (2020). Active learning augmented reality for STEAM education—A 
case study. Education Sciences, 10(8), 198. https://doi.org/10.3390/educsci10080198

48.	 Petrov, P. D., & Atanasova, T. V. (2020). The Effect of augmented reality on students’ learning performance in 
stem education. Information, 11(4), 209.  https://doi.org/10.3390/info11040209

49.	 Salar, R., Arici, F., Caliklar, S., & Yilmaz, R. M. (2020). A model for augmented reality immersion experiences 
of university students studying in science education. Journal of Science Education and Technology, 29, 257–
271. https://doi.org/10.1007/s10956-019-09810-x

50.	 Chen, C.-H. (2020). Impacts of augmented reality and a digital game on students’ science learning with 
reflection prompts in multimedia learning. Educational Technology Research and Development, 68(6), 3057–
3076. https://doi.org/10.1007/s11423-020-09834-w

51.	 del Cerro Velázquez, F., & Morales Méndez, G. (2021). Application in augmented reality for learning 
mathematical functions: A study for the development of spatial intelligence in secondary education students. 
Mathematics, 9(4), 369. https://doi.org/10.3390/math9040369

52.	 Çetin, H., & Türkan, A. (2022). The Effect of Augmented Reality based applications on achievement and 
attitude towards science course in distance education process. Education and Information Technologies, 
27(2), 1397–1415. https://doi.org/10.1007/s10639-021-10625-w

53.	 Lu, S.-J., Liu, Y.-C., Chen, P.-J., & Hsieh, M.-R. (2020). Evaluation of AR embedded physical puzzle game 
on students’ learning achievement and motivation on elementary natural science. Interactive Learning 
Environments, 28(4), 451–463. https://doi.org/10.1080/10494820.2018.1541908

54.	 Flores-Bascuñana, M., Diago, P. D., Villena-Taranilla, R., & Yáñez, D. F. (2019). On augmented reality for 
the learning of 3D-geometric contents: A preliminary exploratory study with 6-grade primary students. 
Education Sciences, 10(1), 4. https://doi.org/10.3390/educsci10010004

55.	 Osadchyi, V. V, Valko, N. V, & Kuzmich, L. V. (2021). Using augmented reality technologies for 
STEM education organization. Journal of Physics: Conference Series, 1840(1), 12027. https://doi.
org/10.1088/1742-6596/1840/1/012027

56.	 Turan, Z., & Atila, G. (2021). Augmented reality technology in science education for students with specific 
learning difficulties: Its effect on students’ learning and views. Research in Science & Technological 
Education, 39(4), 506–524. https://doi.org/10.1080/02635143.2021.1901682

57.	 Lo, J.-H., Lai, Y.-F., & Hsu, T.-L. (2021). The study of AR-based learning for natural science inquiry activities 
in Taiwan’s elementary school from the perspective of sustainable development. Sustainability, 13(11), 
6283. https://doi.org/10.3390/su13116283

58.	 Tuli, N., & Mantri, A. (2020). Experience Fleming’s rule in electromagnetism using augmented reality: 
Analyzing impact on students learning. Procedia Computer Science, 172, 660–668. https://doi.
org/10.1016/j.procs.2020.05.086

59.	 Enzai, N. I. M., Ahmad, N., Ghani, M. A. H. A., Rais, S. S., & Mohamed, S. (2021). Development of 
augmented reality (AR) for innovative teaching and learning in engineering education. Asian Journal of 
University Education, 16(4), 99–108. https://doi.org/10.24191/ajue.v16i4.11954

60.	 Lasica, I.-E., Meletiou-Mavrotheris, M., & Katzis, K. (2020). Augmented reality in lower secondary education: 
A teacher professional development program in Cyprus and Greece. Education Sciences, 10(4), 121.  
https://doi.org/10.3390/educsci10040121

61.	 Gonzalez, A. A., Lizana, P. A., Pino, S., Miller, B. G., & Merino, C. (2020). Augmented reality-based learning 
for the comprehension of cardiac physiology in undergraduate biomedical students. Advances in Physiology 
Education, 44(3), 314–322. https://doi.org/10.1152/advan.00137.2019

62.	 Karagozlu, D. (2021). Creating a sustainable education environment with augmented reality technology. 



691

Perspektivy Nauki i Obrazovania | 2025 | 3

Sustainability, 13(11), 5851. https://doi.org/10.3390/su13115851
63.	 Jiang, S., Tatar, C., Huang, X., Sung, S. H., & Xie, C. (2022). Augmented reality in science laboratories: 

Investigating high school students’ navigation patterns and their effects on learning performance. Journal of 
Educational Computing Research, 60(3), 777–803. https://doi.org/10.1177/073563312110387

64.	 Chen, S.-Y. (2022). To explore the impact of augmented reality digital picture books in environmental 
education courses on environmental attitudes and environmental behaviors of children from different 
cultures. Frontiers in Psychology, 13, 1063659. https://doi.org/10.3389/fpsyg.2022.1063659

65.	 Czok, V., Krug, M., Müller, S., Huwer, J., & Weitzel, H. (2023). Learning Effects of Augmented Reality and 
Game-Based Learning for Science Teaching in Higher Education in the Context of Education for Sustainable 
Development. Sustainability, 15(21), 15313. https://doi.org/10.3390/su152115313

66.	 Latipah, J., Jamilah, S. N., & Sari, S. T. (2021). Analysis of student’s mental model through representation 
chemistry textbooks based on augmented reality. Journal of Physics: Conference Series, 1760(1), 12050. 
https://doi.org/10.1088/1742-6596/1760/1/012050

67.	 Kulkarni, R., & Harne, R. (2024). Adoption and Usage of Augmented Reality-based Virtual Laboratories 
Tool for Engineering Studies. Journal of Information Technology Education: Innovations in Practice, 23, 10. 
https://doi.org/10.28945/5351

68.	 Akinradewo, O., Hafez, M., Aigbavboa, C., Ebekozien, A., Adekunle, P., & Otasowie, O. (2024). Innovating 
Built Environment Education to Achieve SDG 4: Key Drivers for Integrating Augmented Reality Technologies. 
Sustainability, 16(19), 8315. https://doi.org/10.3390/su16198315

Authors
Binar Kurnia Prahani 

(Indonesia, Surabaya city)
Doctor of Education

Department of Physics Education
State University of Surabaya

E-mail: binarprahani@unesa.ac.id
ORCID ID: 0000-0002-5606-6629 

Irgy Redityo Dawana
(Indonesia, Surabaya city)

Bachelor of Education
Department of Physics Education

State University of Surabaya
E-mail: irgy.23013@mhs.unesa.ac.id

ORCID ID: 0000-0001-8142-9420 

Muhammed Akif Kurtuluş
(Turkey, Alanya city)
Doctor of Education

Department of Mathematics and Science
Alanya Alaaddin Keykubat University

E-mail: muhammed.kurtulus@alanya.edu.tr

© Binar Kurnia Prahani, Irgy Redityo Dawana, 
Muhammed Akif Kurtuluş, 2025

The author’s declared no conficts of interest


