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 Augmented Reality (AR) may be defined as a technology capable of incorporating two-
dimensional or three-dimensional virtual objects into a real environment. This content 
analysis study aimed to systematically analyze AR research trends in Indonesia based on 
articles published in national and international journals. It compared the two methods in 
applying AR, namely Marker Based 77% and Markerless Based 23%. No output appeared in 
2013, 2014, and 2016, while 2022 had the highest productivity with 12 papers. A significant 
increase in the number of articles was seen from 2018 to 2022, where 2021 and 2022 were 
the most productive year with 40 publications, and 639 was the highest number of citations 
in 2022. The AR research method dominated by research and development (40%), followed 
by a literature review (23%), experiment (13%), mixed method (8%), survey (4%), classroom 
action research (4%), and correlational (3%). Furthermore, the number of articles with 2 
authors experienced a rapid increase between 2020 and 2022 and more than half of 
publications (66%) were written by the collaborations of 2 authors and 3 authors. 

 
   

INTRODUCTION

Augmented Reality (AR) media is a 
technology that consists of a combination of objects 
in the form of two or three dimensions in real-time 
and is a unique application because it can add to the 
user's reality. Through the use of AR in learning, it 
is expected to be able to attract students in the 
learning process. Another benefit of using AR 
media is that the learning media is more advanced 
because it utilizes current technology. At a 
minimum, AR supporting equipment consists of a 
camera and display device, and in certain cases 
requires a special device to interact with virtual 
objects. The main devices needed to run AR-based 
applications are displays, input tracking devices, 
and computers. Display devices are used to display 
images or computer output. There are three types of 
displays in AR. The first is a head-mounted device 
(HMD), which is a display that is used to display 
images resulting from a combination of the virtual 
environment and the real environment 
(Carmigniani et al., 2010). 

 AR media can provide space for students to 
imagine so cognitive results will increase. The 
measured aspects include aspects of remembering, 
understanding, applying, and analyzing. According 

to Mustaqim (2016), AR is an interaction directly or 
indirectly from the world of the physical 
environment into the real world which has been 
added by adding a virtual computer that produces 
information. Using AR technology is expected to 
attract students' learning interest. AR is a 
technology developed in a virtual world 
environment into the real world through 
intermediaries (Sugianto, 2014). In the field of 
education, augmented reality technology has been 
widely applied, such as applications that use 
augmented reality books, games, object modeling, 
and observation-based learning. The convenience 
offered by technology cannot be denied by shifting 
the way children who were born and raised in the 
digital era (Ramadhan et al., 2022). 

AR media has been researched in Research and 
Development (RnD), qualitative, and quantitative 
ways. Research and Development (RnD) research 
was conducted by Tasrif et al., (2020). In his 
research, AR media was developed using AR 
applications in computer network installation 
courses. Qualitative research was also carried out 
by Ramadhan et al., (2021) which explained an 
Android-based computer hardware recognition 
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application using AR. In addition, it was also 
examined quantitatively by Jannah (2020) who 
explained the effect of using AR media on students' 
interests. AR media combines images, video, audio, 
and text into a real environment. The point is that 
AR media makes students feel what they see from 
the media. Dewi & Sahrina (2021) explain that AR 
media can potentially attract and motivate students. 
In addition, it was also studied by Masri & Lasmi 
(2018), who explained that by using AR 
technology, objects that were previously two-
dimensional will appear to be real and blend with 
their surroundings. From this, it concluded that AR 
media has been used by several researchers, but this 
study will use AR media to determine its 
effectiveness in learning on students' cognitive 
learning outcomes. The results of the study 
(Arifitama et al., 2022) which was carried out by 
comparing marker-based tracking and markerless 
tracking stated that the markerless tracking method 
was 93% superior to marker-based tracking, which 
was 80% on identical AR objects, the farthest 
distance, and produces an accuracy of 86% for 
markerless tracking compared to 50% for marker-
based tracking for short distances.  

The Merdeka curriculum supports relatively 
high involvement in the implementation of AR as 
indicated by the emergence of various empirical 
studies on AR over the last decade. Kaleka et al., 
(2023) explained that one of the most important and 
basic characteristics for achieving educational goals 
is independence. In the world of education, the 
ability of each student is assessed not only from the 
cognitive aspect but the character or attitude of a 
student is also equally important. The selection of 
learning media is not only determined by the 
teacher's taste and willingness (Seknun, 2013). But, 
the selection also depends on the nature of the 
media, goals to be achieved, talents, knowledge, 
and technology to overcome teaching problems, 
and to develop principles used to support learning 
(Alfirani, 2017). Character education is the thing 
that must be possessed by every individual, which 
serves to distinguish the nature of each person. 

Independence is an attitude that arises for 
someone to start or do something and discipline, 
including working according to time and 
maintaining comfort during learning activities 
(Kaleka et al., 2023). A student has independence 
in learning. The student can face learning 
difficulties and reduce the habit of depending on 
other students. Therefore the role of AR is to make 
it easier for students to reach the goal of learning. 
More importantly, based on how important 
independent learning is in the latest Merdeka 
curriculum today, it is not surprising that more and 
more researchers are interested in developing AR to 
be applied in learning. This fact can be proven 

through a Google Scholar search with the keywords 
"AR", "Augmented Reality", and "Indonesia" 
which yielded more than 200,000 findings. AR 
research that is flexible, innovative, and can be 
carried out more practically, can close theoretical 
gaps because research trends in AR have been 
revealed. Then, the identification with systematic 
studies are needed to examine these research trends 
within the scope of Indonesia. 

Systematic reviews exploring the status and 
trends in certain themes have become commonplace 
in educational research, such as a systematic 
literature review on research trends within the 
European continent entitled “Augmented Reality in 
Heritage Apps: Current Trends in Europe” by Luna 
et al., (2019) whose result is the educational 
opportunities for legacy learning and teaching 
provided by mobile device-based AR is a strong 
recommendation for further research and gaining 
scientific attention. Projections on the proposed 
future research domain include defining the key 
features that will enable AR applications to be 
created, continuing the analysis of these 
applications to evaluate useful applications, and 
identifying successes suitable for legacy learning 
and teaching. 

Research on AR globally in the logistics sector 
conducted by Glockner et al., (2014) results in AR 
having promising future recommendations in the 
logistics industry because it can make it easier for 
people to provide an overview of the projected 
problems. From capturing based on 3D 
visualization in warehouses to helping customers 
more easily understand situations with after-sales 
activities, there is no doubt that AR can play a role 
in almost every step of the logistics value chain. AR 
research on a global scope generally refers to 
various sub-topics and methods that have been 
carried out by Irwanto et al., (2022) with the title 
"Trends of Augmented Reality Applications in 
Science Education: A Systematic Review from 
2007 to 2022" which discusses various AR research 
with the result that more than a total of 300 
manuscripts were researched, evaluated, including 
annual scientific results, number of authors, 
countries the most productive, the most productive 
journal, the most cited articles, and the most 
preferred research method. It was found that the 
number of articles on the application of AR in 
science education is increasing rapidly, and the field 
is gaining momentum. The peak will be in 2020 and 
2021. 

Research that organizes AR publication 
research in Indonesia holistically and 
comprehensively has not yet been carried out. This 
basis strengthens this research which aims to 
systematically analyze AR research trends in 
Indonesia based on published international and 
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national journal articles. The details of the research 
questions that initiate the analysis process are as 
follows: (1) What topics are most explored in AR 
research?; (2) What research methods are most 
widely used in AR research?; (3) What is the 
frequency of AR research publications in 
Indonesia?; (4) how to compare AR research 
citations and publications in Indonesia; (5) how is 
the comparison of AR research in Indonesia 
categorized according to the number or number of 
authors in one article?; and (6) how is the 
comparison of AR studies using/researching 
markerless AR marked based AR? 

 
RESEARCH METHOD  

This qualitative study used a content analysis 
approach with a systematic literature review 
technique to analyze AR research trends in 
Indonesia. Data comes from published study reports 
that systematically synthesize existing information 
and knowledge on a particular issue, find gaps, and 
draw conclusions on a matter (Møller and Myles, 
2016). This study adopted the review process with 
education in Indonesia as the research object 
(Ardwiyanti et al., 2021), which is explained as 
follows: (1) formulating research questions; (2) 
Determining inclusion criteria (Table 1); (3) 

searching for articles in various databases (Google 
Scholar, ERIC, DOAJ, journal websites); (4)  
typing in the keywords "Augmented Reality" and 
"Indonesia"; (5) coding article using Paper 
Classification Form (PCF); identify patterns across 
articles; and (6) synthesizing these patterns to 
answer research questions. The filter stage 
produced 62 articles that met the inclusion criteria 
(Table 2). 

Content analysis is defined as a systematic 
review/view, modified and expanded to transform 
many words of text into fewer content categories 
based on coding rules that are arranged holistically 
(Stemler, 2001). This content analysis is generally 
used for generalizing qualitative data purposes in 
the sense that the same can be done for purposes of 
summarizing, assisting, classifying, and 
quantitative analysis of knowledge based on the 
scientific method and knowledge boundaries will be 
split depending on the objectives of the researchers. 
The overall analysis was carried out based on the 
"Paper Classification Form (PCF)" developed by 
Sozbilir et al., (2012) according to the main 
discipline that paper belonged such as biology, 
physics, chemistry, etc. The instrument has met the 
validity and reliability requirements. The collected 
data were analyzed using percentage calculation 
(Ardwiyanti et al., 2021). 

Table 1. The Inclusion Criteria 
Category Inclusion Criteria 

Journal specifications 
 

National peer-reviewed journal accredited minimum grade 5 (Sinta 5); 
international peer reviewed journal indexed minimum SCOPUS 

Publication year  2012-2022 
Research setting  Indonesia 
Researcher's nationality  Indonesian;  the combination of Indonesian and foreigners 
Independent variable  Augmented Reality and all kinds of application patterns 
Field  Science, social, physics, chemistry, biology 
Type of study  Empirical and theoretical 
Research subject  Students and teachers at all level (elementary, junior high school, senior high 

school,college) 
 
 

Table 2. The Distribution of Articles Based on the Journals’ Identity 
Journal Type  Status  Journal Name Quantity 
International  Scopus Q2 

Indexed 
Research Journal of Turkish Science education 1 

Scopus Q2 
Indexed 

International Journal of Instruction 1 

Scopus Q3 
Indexed 

International Journal of Learning Teaching and 
Educational Research 1 

National  SINTA 1 Jurnal Pendidikan Indonesia  2 
SINTA 2 Jurnal Pekommas  2 

Jurnal Pendidikan Sains Indonesia 18 
JPPIPA JURNAL PENELITIAN PENDIDIKAN IPA  5 
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Journal Type  Status  Journal Name Quantity 
Jurnal Al-Ibtida: Jurnal Pendidikan Guru MI  1 
Journal of Educational Science and Technology  1 
Premiere Educandum: Jurnal Pendidikan Dasar dan 
Pembelajaran  1 

UNNES Science Education Journal  2 
Jurnal Edukasi & Penelitian Informatika  4 
Journal of Educational Science and Technology  1 
Kwangsan: Jurnal Teknologi Pendidikan  1 

SINTA 3 UNNES Science Education Journal  
 2 

 Jurnal Pendidikan: Teori, Penelitian, dan Pengembangan  6 
SINTA 4 Jurnal Pendidikan Teknologi dan Kejuruan  5 
SINTA 5 Jurnal Basicedu  8 

Total 62 
 
RESULT AND DISCUSSION  

The results of the research described include 5 
discussions. First, starting from trending AR topics 
which are classified into teaching materials, 
learning media, learning evaluation & assessment, 
student perceptions, and teacher perceptions (see 
Table 3). Second, the annual scientific growth is 
based on the frequency of AR research publications 
from 2012 to 2022 (see Figure 1). Third, the most 
AR tracker used based on a comparison of the total 
use of marker-based tracking and markerless AR 
(see Figure 2). Fourth, a comparison of the 
development of publications and citation trends in 
AR from 2012 to 2022 so that publication growth 
will be known, which year has citations followed by 
the highest number of publications and which year 
has the lowest number (see Table 4). Fifth, 
discussing the AR research methods trends. Trends 
in this method are divided into 3 major groups, 
namely: (1) quantitative, consisting of experiment, 
survey, and correlational; (2) qualitative, divided 
into literature review, phenomenology, and 
narrative inquiry); and (3) the others, divided into 

research and development, mixed method, and 
classroom action research. Sixth, classification 
based on author numbers in AR research from year 
to year (2012-2022), the distribution of the number 
of authors in AR research starts from 1 author, 2 
authors, 3 authors, 4 authors, 5 authors, and ≥6 
authors. Based on that method, it is known every 
year how many article authors publish their articles 
and it is also known which number of articles has 
the highest and lowest frequency (see Figure 4).    

AR Research Topics 
There are various kinds of AR research in 

Indonesia, so a classification is carried out based on 
the types of topics that are commonly used, 
especially their application in the field of education. 
AR research topics are classified into teaching 
materials, learning media, learning evaluation & 
assessment, student perceptions, and teacher 
perceptions. Based on this classification, it can be 
seen which field topics are dominant (much 
studied) and which topics are in the minority (less 
studied). 

Table 3. The AR Research Topics Trends 
Research topics Percentage (%) 

Teaching materials 34 
Learning media 56 
Learning evaluation & assessment  4  
Students perceptions  2 
Teacher perceptions  4 

 
AR research in Indonesia (see Table 3) was 

conducted on a wide variety of topics. It shows that 
the learning media (56%) dominated AR research, 
followed by teaching materials (34%). Learning 
evaluation & assessment (4%), teacher perceptions 
(4%), and student perceptions (2%) are the minor 
topics. This indicates that the research and use of 
AR are still dominant in the field of learning media 

and the need for AR in the field of teaching 
equipment for a teacher in carrying out the learning 
process in the classroom. There needs to be special 
attention to AR topics that are still lacking in 
exposure, namely in terms of evacuation and 
assessment, even though AR can also play a role in 
facilitating the implementation of learning, such as 
ARBOOK which has been studied by Ferrer-
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Torregrosa et al., (2014) who succeeded in 
developing an assessment tool for anatomy based 
on AR constructed from TC and MRN images, 
dissections and drawings. This research gave good 
results in the sense that the scoring process became 
easier with the ARBOOK and provided motivation 
for all educational components, both teachers and 
students. 

Avila-Garzon, et al., (2021) conducted a 
review of AR literature in the world within 5 years 
saying that since most of the existing literature 
reviews have focused exclusively on journal 
articles, this study broadens the scope by including 
and comparing other types of documents. The 
obtained data were then divided into two groups, 
which resulted in two separate BibTeX files. It was 
stated that most of the studies on AR in education 
have been published as conference papers, books, 
and book chapters. Journal articles contain a more 

elaborate analysis, discussion, and a stronger 
background compared to conference papers, but 
their publication process is slow. Conference papers 
contain more recent research and novel methods 
because their publication is faster. 

Annual Scientific Growth 
From various AR studies in Indonesia, a 

classification was carried out based on annual 
scientific growth from 2012 to 2022. The aim is to 
find out the growth of AR studies as indicated by 
the frequency of publications at that year's interval. 
Based on the classification and presenting it as a 
graph, it can be seen, from year to year, there is an 
increase in the frequency of publications, a decrease 
in the frequency of publications, fluctuations in the 
frequency of publications or static (no increase or 
decrease) in the frequency of publications. 

 
 

Figure 1.  Frequency of Publications in AR from 2012 to 2022 

The number of articles by year is presented in 
Figure 1 and also illustrates the trend of 
publications of AR since 2012. A single paper was 
recorded in 2012, indicating the beginning of the 
growth of publications in the field. No output 
appeared in 2013,2014, and 2016, while 2022 had 
the highest productivity with 26 papers. The dataset 
was taken at the end of January 2023. A significant 
increase in the number of articles was seen from 
2018 to 2022, where 2021 and 2022 were the most 
productive years. According to Figure 1, 2021 (n = 
12) and 2022 (n = 26) saw a sharp increase in 
publications. In total, 61% of the articles found 
were from these two years. Compared to 2020 with 
seven articles. The publications only decreased in 
2012-2013 with 1 article, 2015-2016 with 1 article, 
2017-2018 with 1 article, and 2019-2020 with 3 
articles. The highest increase in article publication 
occurred in 2021-2022 with 14 articles. Overall, it 
was observed that there were both increase and 
decrease in the number of AR studies by publication 
year. 

These results have developments that are quite 
equivalent to Avila-Garzon's research (2021) which 

conducted a literature review of AR in the world 
over 5 years. It conveys that it depicts the number 
of papers published per year in each group. The 
period 2013-2019 had the highest productivity in 
Group A, with more than 50 papers published per 
year. However, the highest productivity period in 
Group B was 2010-2019, with more than 50 papers 
published per year. The most productive year was 
2019 for both groups (A = 304 and B = 402), which 
demonstrates how research interest in this field has 
grown in recent years. However, because the 
dataset information was retrieved at the end of 
January 2020, the number of papers for 2020 is 
fewer in comparison to the last 10 years. 

 
The Most AR Tracker Used 

AR research in Indonesia, which is many and 
varied, is classified based on the most AR tracker 
used. The goal is to find out the percentage of AR 
trackers used using markers and markerless. After 
classifying and presenting it as a diagram, it can be 
seen which type of AR tracker is most used and 
which is least used. 
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Figure 2.  Total research Differences Between Marker Based Tracking and Markerless AR 

The marker-based method uses special markers 
that have a certain pattern so that they will be 
recognized by the camera. When the camera detects 
this pattern, a three-dimensional object will be 
displayed, while the markerless-based method does 
not use a special marker, but uses the surface of the 
surrounding environment as a marker to display 
three-dimensional objects (Mustaqim, 2016). 
Comparison (see Figure 2) of the two methods of 
applying AR, namely Marker Based 77% and 
Markerless Based 23%. Markerless AR is superior 
to marker-based AR both in terms of accuracy and 
distance so based on data, researchers in Indonesia 
still mostly use the marker-based method with a 
very large difference, namely the difference of 48 
articles, although there are many advantages to 
markerless products. In fact, there are still few 
researchers in Indonesia who use the markerless 
method to be used as a medium for visualizing 
research objects, especially in the field of 
education. This is compared to research from 
Arifitama et al., (2022) which was carried out by 

comparing marker-based tracking and markerless 
tracking stated that the markerless tracking method 
was 93% superior to marker-based tracking, which 
was 80% on identical AR objects, the farthest 
distance, and produces an accuracy of 86% for 
markerless tracking compared to 50% for marker-
based tracking for short distances.  

 
AR Research Citation Numbers 

AR research in Indonesia which has reviewed 62 
articles was classified based on citation numbers 
from 2012-2022. The goal is to find out how many 
citations have been done on this AR topic, 
compared to the number of publications each year. 
Based on this finding, a graph is made showing the 
development of citations to know the data from year 
to year. It found that there has been an increase in 
publication citations, a decrease in publication 
citations, fluctuations in publication citations, or 
static (no increase or decrease) publication 
citations.

 
 

Figure 3.  Publications and Citation Trends in AR from 2012–2022 
 
Tarute et al., (2017) explained the technological 

features of AR remain directly or indirectly the 
dominant concern of the investigations between 
1997 and 2016. The interests of researchers have 
switched from computers to handheld displays in 
tune with the growing availability of those products 
in the professional and entertainment markets. The 
tendency to focus on MAR solutions and wearables 
is a consequence of their increasing importance. 

According to Figure 2 on analyzed by citation, no 
citations were reported in 2013, 2014 and 2016 
because there were no publications related to AR 
applications in education that year.  

Based on the graph in Figure 3, there has been a 
decrease in citations from year to year starting from 
2012 to 2013 of 17 citations because in 2013 there 
were no published articles at that time. Then, there 
were 15 citations in 2015-2016 because there were 
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no published articles in 2016, and in 2019-2020 
there were 77 citations. A drastic increase in the 
publication of AR-related articles was found in 
2021-2022 with 337 citations, followed by 2018-
2019 with 136 citations, 2020-2021 with 81 
citations, 2019-2020 with 77 citations, and 2014-
2015 with 15 citations due to in 2014 there were no 
published articles related to AR. Additionally, we 
found that the highest number of citations occurred 
in 2022, where 639 citations were recorded. This is 
closely followed by 2021 with 302 citations and 
2020 with 221 citations. Overall, 62 works have 
been cited 1530 times over time. This explains why 

there have been many studies on AR applications in 
the last decade.  

 
AR Research Methods 

AR research in Indonesia that has been studied 
uses a variety of methods from 2012-2022. All 
articles are grouped according to the type of 
research method, including 3 major groups, 
quantitative, qualitative, and others. The goal is to 
find out how many methods are on this AR topic. 
Based on this finding, a graph is made showing 
which method is most often used with a percentage 
so that the trend pattern in the AR research method 
is known.

 
Table 4. The AR Research Methods Trends 

Approach Research Methods Percentage (%) 
Quantitative Experiment 13 

Survey 4 
Correlational 3 

Qualitative Literature review 23 
Phenomology 2 
Narrative Inquiry 3 

The others Research and Development 40 
Mix method 8 
Classroom action research 4 

 
The AR research approach is centered on 

Mustaqim (2016) which states that whatever AR 
approach is used in class, attention must still be paid 
and fulfilling the function of the media as a learning 
stimulus. Among them include (1) presenting the 
actual object and steps, (2) duplicating the actual 
object, (3) making abstract concepts into concrete 
concepts, (4), providing common perceptions, (5) 
overcoming time barriers, (6) presenting repeat 
information consistently, and (7) provide a learning 
atmosphere that is fun, not pressured, relaxed, even 
interesting so that it can achieve learning goals.  

Attention to AR research has increased since 
2018 because it is indeed a new research theme in 
Indonesia compared to other research themes. So, it 
is not surprising that AR research began with basic 
topics in curriculum reform that focused on learning 
strategies. The current systematic literature review 
(see Table 4) reveals AR research methods were 
dominated by research and development (40%), 
followed by a literature review (23%), experiment 
(13%), mixed method (8%), survey (4%), 
classroom action research (4%), and correlational 
(3%) as a trend in AR media education research in 

Indonesia. The effectiveness of AR media with 
research and development (R&D) as a method is the 
most explored topic. It is followed by experimental 
research as the second most used method, which 
breaks down into experimental (unequal control 
group design, factorial design). And, the least is a 
literature review, which examines qualitatively how 
the application of AR in Indonesia affects certain 
subjects such as natural sciences, social sciences, 
mathematics, and so on.  

 
Author Numbers in AR Research 

The last discussion is AR research in Indonesia 
based on author numbers. The number of authors in 
each AR article in Indonesia is grouped in this 
discussion. The goal is to find out which articles 
with the most number of authors and in what year 
are the most dominant. Grouping starts from 1 
author, 2 authors, 3 authors, 4 authors, 5 authors, 
and ≥6 authors. Based on the findings, it is known 
every year how many article authors publish their 
articles and it is also known which articles with the 
number of authors have the highest and lowest 
frequency (see Figure 4). 
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Figure 4. Number of Authors by Year 
 
In Figure 4, there is also an increase in the 

number of collaborations over time. This reflects 
that there has been an increase in the number of 
publications on AR applications. Alzahrani (2020) 
conducted a systematic review on the topic of AR 
with 4 main publishers, namely Springer, Science 
Direct, EBSCO, and Google Sholar. It was 
conveyed that augmented reality enhances 
interactivity, facilitates students' engagement and 
participation, improves satisfaction with learning 
and outcomes, and encourages collaborative 
learning, among other benefits. The biggest 
challenge, as reported in these studies, starts from 
the pedagogical, learning, and technological issues. 
Pedagogical issues encompassed resistance from 
teachers and their lack of skills, training, and 
experience in the use of AR technologies. Learning 
issues, based on the findings, include cognitive 
overload and health issues. Technical issues include 
connectivity issues and cumbersome devices. 

Concerning the number of authors, it is 
important that only 23-author articles were 
published during this period. In addition, 23 articles 
have 2 authors with a proportion of 35 which is the 
highest number. This finding indicates that two-
author articles were commonly published in this 
field throughout the year. A total of 18 articles were 
written by 3 authors. Furthermore, the number of 
articles with 2 authors experienced a rapid increase 
between 2020 to 2022. This increase is marked by 
the addition of articles with 2 authors since 2020-
2021 of 4 articles (2 articles to 6 articles) and in 
2021-2022 of 6 articles (6 articles to 12 articles). It 
is important that more than half of publications 
(66%) were written by collaborations of 2 authors 
and 3 authors. Finally, the least total number of 
articles from year to year is occupied by articles 
with ≥6 authors with a total of 2 articles published 
only in 2018 and 2021.  

This growth scheme also follows the research of 
Avila-Garzon, et al., (2021) number of authors that 
published AR studies over the examined years in 
the form of journal articles, conference papers, and 

other documents, respectively. The results show 
that the number of researchers working on the topic 
of AR in education increases every year. This result 
demonstrates the interest that this topic has created 
in the research community due to AR technology's 
impact on education and the technological advances 
that make AR more affordable for schools. Given 
this landscape, it is possible that this trend will 
continue in the coming years and that this topic will 
be more consolidated in the future as the number of 
researchers increases. 

Overall, the use of AR research in Indonesia has 
benefits for developing interactive and real learning 
media. In addition, learning media using AR can 
increase students' interest in learning because of the 
nature of AR which combines virtual worlds which 
can increase students' imaginations with the real 
world directly. Augmented Reality is interactive 
which allows students to see real and direct 
situations and imagine the results of the learning 
process given by teachers to students. Utilization of 
educational media using AR can stimulate the 
mindset of students to think critically about 
problems and events that exist in everyday life 
because the nature of educational media is to help 
students in the learning process with the presence or 
absence of educators in the educational process. 
Then, the use of educational media with augmented 
reality can directly provide learning wherever and 
whenever students want to carry out the learning 
process. AR learning media can visualize abstract 
concepts for understanding the structure of an 
object model enabling AR as a more effective 
medium by the objectives of learning media. Also, 
it is realized in published studies which is 
increasing from every year. The hope is that in 2023 
and the upcoming years, there will be more learning 
media research in various fields of study that use 
AR features, be it development, experiments, 
surveys, literature reviews, and so on.  
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Future AR Research Recommendations 
Referring to the AR research trends identified in 

Indonesia, several topics have not been fully 
explored. Based on these findings, the following 
recommendations are proposed: 
1. It needs to carry out quantitative and qualitative 

research to formulate teacher professional 
development programs under the Merdeka 
curriculum, which will effectively increase 
teachers’ readiness to implement AR media in 
the classroom; 

2. The development of technology in teaching 
materials and learning media needs to begin 
immediately to align Indonesian AR research 
trends with international trends; 

3. Based on the data, the use of the markerless AR 
method is still low at 23%, and marker-based 
AR % is 77% indicating that it needs to use new 
methods, to increase literacy, and students' 
curiosity in trying new things. So, it is hoped that 
there will be a greater transition towards using 
the markerless because it is believed that this 
method does not use special marks so the ability 
to render objects will be better and the AR 
results will be sharper than Marker Based. 
According to research from Arifitama et al., 
(2022), Markerless AR is superior to Marker 
Based AR both in terms of accuracy and 
distance. In short, it is hoped that more writers 
and researchers will discuss and use AR with the 
markerless method. 
 

CONCLUSION  

AR research trends in Indonesia are studied from 
various perspectives starting from the frequency of 
publication, citations, research methods, AR 
methods, and the number of authors in one article. 
Comparison of the two methods in applying AR, 
namely Marker Based (77%) and Markerless Based 
(23%). A paper was recorded in 2012, indicating the 
beginning of the growth of publications in the field. 
No output appeared in 2013, 2014, and 2016, while 
2022 had the highest productivity with 23 papers. 
The dataset was taken at the end of April 2023. A 
significant increase in the number of articles was 
seen from 2017 to 2022, where 2021 and 2022 were 
the most productive years with 23 publications in 
total. The highest number of citations occurred in 
2022, where 318 citations were recorded. This is 
closely followed by 2021 with 210 citations and 
2017 with 184 citations. Overall, 62 works have 
been cited 1530 times. AR research methods were 
dominated by research and development (40%), 
followed by a literature review (23%), experiment 
(13%), mixed method (8%), survey (4%), 
classroom action research (4%), and correlational 
(3%) as a trend in AR media education research in 

Indonesia. This explains why there have been many 
studies on AR applications in the last decade. It is 
important that more than half of publications (66%) 
were written by collaborations of 2 authors and 3 
authors. Also, the number of articles with 2 authors 
experienced a rapid increase between 2020 and 
2022. 
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	INTRODUCTION
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	Research on AR globally in the logistics sector conducted by Glockner et al., (2014) results in AR having promising future recommendations in the logistics industry because it can make it easier for people to provide an overview of the projected probl...
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	RESEARCH METHOD
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	RESULT AND DISCUSSION
	The results of the research described include 5 discussions. First, starting from trending AR topics which are classified into teaching materials, learning media, learning evaluation & assessment, student perceptions, and teacher perceptions (see Tabl...
	AR Research Topics
	There are various kinds of AR research in Indonesia, so a classification is carried out based on the types of topics that are commonly used, especially their application in the field of education. AR research topics are classified into teaching materi...
	Table 3. The AR Research Topics Trends
	AR research in Indonesia (see Table 3) was conducted on a wide variety of topics. It shows that the learning media (56%) dominated AR research, followed by teaching materials (34%). Learning evaluation & assessment (4%), teacher perceptions (4%), and ...
	Avila-Garzon, et al., (2021) conducted a review of AR literature in the world within 5 years saying that since most of the existing literature reviews have focused exclusively on journal articles, this study broadens the scope by including and compari...
	Annual Scientific Growth
	From various AR studies in Indonesia, a classification was carried out based on annual scientific growth from 2012 to 2022. The aim is to find out the growth of AR studies as indicated by the frequency of publications at that year's interval. Based on...
	Figure 1.  Frequency of Publications in AR from 2012 to 2022
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	The marker-based method uses special markers that have a certain pattern so that they will be recognized by the camera. When the camera detects this pattern, a three-dimensional object will be displayed, while the markerless-based method does not use ...
	AR Research Citation Numbers
	AR research in Indonesia which has reviewed 62 articles was classified based on citation numbers from 2012-2022. The goal is to find out how many citations have been done on this AR topic, compared to the number of publications each year. Based on thi...
	Figure 3.  Publications and Citation Trends in AR from 2012–2022
	Tarute et al., (2017) explained the technological features of AR remain directly or indirectly the dominant concern of the investigations between 1997 and 2016. The interests of researchers have switched from computers to handheld displays in tune wit...
	Based on the graph in Figure 3, there has been a decrease in citations from year to year starting from 2012 to 2013 of 17 citations because in 2013 there were no published articles at that time. Then, there were 15 citations in 2015-2016 because there...
	AR Research Methods
	AR research in Indonesia that has been studied uses a variety of methods from 2012-2022. All articles are grouped according to the type of research method, including 3 major groups, quantitative, qualitative, and others. The goal is to find out how ma...
	Table 4. The AR Research Methods Trends
	The AR research approach is centered on Mustaqim (2016) which states that whatever AR approach is used in class, attention must still be paid and fulfilling the function of the media as a learning stimulus. Among them include (1) presenting the actual...
	Attention to AR research has increased since 2018 because it is indeed a new research theme in Indonesia compared to other research themes. So, it is not surprising that AR research began with basic topics in curriculum reform that focused on learning...
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	In Figure 4, there is also an increase in the number of collaborations over time. This reflects that there has been an increase in the number of publications on AR applications. Alzahrani (2020) conducted a systematic review on the topic of AR with 4 ...
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