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Abstract

Augmented reality (AR) is a technology that can enrich the learning and teaching
experience in higher education. In recent years, the development of AR in higher
education has become increasingly popular. This study report on overall research
trends regarding research progress in the field of AR in higher education. The
research method used is bibliometric analysis using VOSviewer. The data is
taken from the Scopus database. The findings show an increasing trend of
citations and publications indicating concern in AR use has been seen over the
last decade. AR research in higher education started in 2006 until now. The most
productive year was in 2021 producing as many as 91 articles and the most
citations in 2017 amounting to 639 documents. Analysis of the data revealed that
the top three ranking researchers (Marques, Moreira, and Osadchyi), countries
(Spain, United States, United Kingdom), Organization (Universidad de la Laguna
and Universiti Utara Malaysia), Journal (Ceur Workshop Proceedings, Lecture
Notes In Computer Science Including Subseries Lecture Notes In Artificial
Intelligence  And Lecture Notes In Bioinformatics, ACM International
Conference Proceeding Series). Furthermore, the main finding of this research is
that the subject area that uses the most AR technology is the subject of computer
science. Overall, this research that AR is no longer a technology that makes users
feel in an unreal world but is accompanied by a real world that makes users feel
real things. This technology is very practical in today's needs. The area of AR
still has a lot of room for investigation, comprehension, and testing.
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1. Introduction

In the last decade, augmented reality (AR), which enables the mixing of real-world
components captured by a camera, has come to be as one of the most exciting
technologies [1]. The implementation of AR is increasing in the area of education.
[2]. AR applications are successfully used at different educational levels, in
different educational settings, and in different environments, offering users many
possibilities and many benefits [3]. The use of AR in education has the potential to
enhance students' conceptual knowledge and understanding as well as crucial
abilities like problem-solving, cooperation, and communication. [4]. AR is a
technology that combines the virtual world with the real world [5]. Through digital
blending, it enhances the real environment in certain aspects. [6]. In this way, AR
enhances the user's sensory experience through real-time interaction with digital
content [7]. This virtual technology is assisted by the help of technological devices
(e.g., portable, handheld devices, glasses) [8]. AR technology enhances the feeling
of reality by showing virtual objects, information, and cues (text, audio, images,
videos, 3D objects) in the real world [9-11]. The development tools for virtual
worlds in education are some of the most innovative virtual education tools utilized
in higher education. [12].

Advances in digital technology, such as AR, are presently having a direct
impact on higher education. As a result, instructional approaches offered by higher
education institutions should take the level of development of these technologies
into account. [13, 14]. Students have to utilize their own smartphones to record
attendance in higher education settings where AR technology has been installed, as
well as to interact with the classroom using online tools and other teaching and
learning resources like virtual learning environments. [15]. Some AR experiences
have been used in higher education, but instead haven't produced any didactic
materials that can be used indefinitely. Only a few studies on collaborative learning
have been conducted in the fields of land and urban planning. [16, 17]. This
experience concludes that AR technology can enhance the design of student
projects as well as their academic achievement. Other studies have also reported
that AR technology produces positive impacts on learning such as resulting in
increased achievement, motivation, increased perception, self-confidence,
increased independence and daily life skills, spatial ability, interest, engagement,
and satisfaction [18-20].

Many studies on bibliometric analysis have been conducted, including several points:

(i) bibliometric research on trends in research over the last six years using a
content analysis and reviewing the results of bibliometric articles related to
the use of AR in science education. [21].

(i) Identification of publications relating to AR in education from 1999-2018 [22].
(iii) AR bibliometric analysis with Business Administration Researchers [23].

(iv) Analysis of articles that publish augmented or virtual reality in physics
education [24].

(v) Analysis of the bibliometric characteristics of 100 AR applications after
testing [25].

(vi) A systematic understanding of how AR contributes to education still lacks
studies on the types of content and their effects on learning outcomes [26].
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(vii) Researching the deployment of AR in the physics laboratory by bibliometric
analysis so that future research prospects might be offered [27].

(viii) Exploring worldwide trends in the field of global surgical research [28].

(ix) Reviewing trends and bibliometric studies focusing on AR in education over
the past five years based on the Web of Science (WOS) database and provides
experimental results on the application of AR technology to improve
visualization skills among engineering students [29].

A lot of research related to bibliometrics has been done on AR in education.
However, from an educational standpoint, all bibliometric studies carried out in the
AR domain concentrate on a single, varied aspect of the educational setting (such
as primary, elementary, and higher education).

This study only emphases on presenting broad research trends regarding
advancements in AR research in higher education, including an examination of
research output, global collaborations, top universities, authors, journal citations,
impact, keywords, and the thematic evolution of research. AR in higher education
over the past 17 years (2006-2022). The research method used is bibliometric
analysis (BA) using the VOSviewer tool. Therefore, the research questions are as
follows in this study:

(i) What is the most published and cited articles relating to AR from 2006 to 20227
(ii) Which countries and authors have most influenced AR research globally?
(iii) The most influential journals on AR research in higher education?

(iv) The most cited publication in AR research?

(v) Analysis (keywords and themes) related to AR research in higher education?
(vi) The highest number of publications based on AR in higher education.

The remaining text is organized into three main sections: methodology, results and
discussion, and conclusions. methodology emphasizes the inclusion, exclusion, and
keyword selection criteria. results and discussion summarizes the study findings.

2.Method

The bibliometric analysis of this research is about AR in higher education.
Bibliometric analysis is a method of quantitative analysis used to measure
performance, influence, and trends in scientific publications or academic literature.
This method involves collecting bibliographic data, such as the title of the article,
the name of the author, the source of the journal, the publication year, and the
number of citations from a particular article or research. Bibliometric analysis is
used to study patterns and trends in scientific literature, such as developments in
research topics, relationships between authors, most published journals, and trends
in citations in the literature. The aim is to provide insight into scientific and
technological developments, as well as assist in decision-making in various fields
such as education, social sciences, and science. The database used in this research
is Scopus. Scopus is a well-known database that has grown to become one of the
world's largest data repositories for peer-reviewed scientific publications [30].
Moreover, Scopus indexes items of up to 75 million. It makes updating the data
daily. Social science literature accounts for 32% of all indexed content on Scopus.
Therefore, the Scopus database was utilized in this study.
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Data collection was carried out on Thursday, 21 April 2022, at 11:54 am. The
data was retrieved automatically by entering keywords related to AR and higher
education. Data were collected based on abstract titles, and keywords from each
term related to AR in higher education, namely (“augmented reality””) AND
(“higher education”). The AND operator is used to search for keywords related to
the topic that you want to associate with the previous or following keywords.

In Fig. 1, the data selection process was developed by four stages. The first
stage is identification. This is based on keyword searches in Scopus data as many
as 363 documents. Screening stage, with inclusion and exclusion criteria (document
stage filter: final and document language filter: English). This criterion helped
exclude 31 documents. Finally, 332 documents were eligible for access and each
document was checked by the three authors who read the title and abstract to
include data accuracy. Articles that have been filtered according to the research
criteria are then exported into a file type (.csv).

Publications identified by
Identification terature searching in
Scopus [n=363)

Excluded after applying

Inclusion/Exclusion o o
criteria publication stage

Sreen
reening Criteria Applied

(n=8), and document
language (n=23)

Records assessed
for egibility
(n=332)

Eligibility

Highly relevant studies
Included included in bibliometric
analysis (n=332)

Fig. 1. Flowchart of the four-phase data extraction and filtration process.
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3.Results and Discussion
3.1. Publication and citation trends

Figure 2 shows in general the total number of publications and citations regarding
the use of AR in higher education over the last 17 years from 2006 to 2022. It is
known that the development of research relating to AR in higher education has
grown since 2006. In the first year, 2006 only one document was produced. then
from 2007 to 2009 none of them even produced publications in the field of higher
education. Regarding citations from 2006 to 2010, there are no citations at all.
Publications and citations began to grow rapidly from 2011 to 2022. The highest
peak of publications and citations in 2021 was 80 publications and 1183 citations.
But in 2022 publications and citations as many as 11 publications and 154 citations
have decreased because 2022 is running.

Fig. 2. Trends in the Publications and
Citation Relating to AR from 2006 to 2022.

3.2.Country productivity

Table 1 displays the top 10 countries. Table 2 presents the top 10 organizations that
issued the number of AR-related documents, along with the number of items and
the citations. Spain emerged as the most productive country in terms of
implementing AR in higher education. Based on Fig. 2, Spain appeared as the most
productive country regarding AR implementation in higher education over the last
decade. Spanish researchers contributed 37 articles or 11.1% and 852 citations of
the total analysed documents. The country that publishes the fewest documents in
Turkey. However, in terms of citations, Turkey is the country with the most.
Meanwhile, the most productive organization, namely Tecnologico de Monterrey,
produced 16 documents 4.8% and the least, Universidad de Almerla produced 4
documents 1.2%. Based on citations, the organization with the highest number of
citations was Universidad de la Laguna with 277 citations, and the least Rheinisch-
Westfalische Technische Hochschule Aachen with 7 citations.
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Table 1. Most productive countries.

Rank  Country Number of documents Number of citations
1 Spain 37 852
United
2 States 24 193
United
3 Kingdom 23 186
4 Ukraine 21 282
5 Australia 16 202
6 Mexico 16 94
7 Malaysia 15 56
8 Germany 13 42
9 Portugal 12 118
10 Turkey 9 974

Table 2. Most productive institutions.

Rank Organization Number of documents Number of citations
1 Tecnologico de 16 74
Monterrey
2 Universidade de Aveiro 8 57
Kryvyi Rih National
3 University ! 178
Bogdan Khmelnitsky
4 Melitopol State 6 48
Pedagodical University
Kryvyi Rih State
5 Pedagogical University 6 145
6 Universidad de la 5 277
Laguna
7 Universidad de Seville 5 83
Universiti Utara
. Malaysia S g2
Rheinisch-Westfalische
9 Technische Hochschule 4 7
Aachen
10 Universidad de Almerla 4 66

3.3. Productivity of authors

Table 3 shows the ten most prolific authors in producing articles on AR in higher
education or authors who are widely cited in the AR scientific literature. The most
prolific first author was Marques from Portugal with 4 documents, 26 citations, and
an H-Index 3 followed by Moreira et al. with each producing 4 documents.
However, Osadchyi obtained a relatively higher number of citations, reaching 43.
In particular, Birt has generated 3 documents with the highest number of citations
of 72 citations. Cochrane has the highest H-Index of 3. Ferreira, Klamma, Mintii,
and Modelski are at the bottom of the list with the number of documents (3 papers)
and citations of 16, 5, 43, and 0, respectively.

3.4.Productivity of research journals

Table 4 shows the top 10 most published journals in AR research in higher
education. These top ten journals published 100 documents in total from 2006 to
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2022 and all journals have good reputations in their fields. The top 5 journals
produced 72 documents with 490 citations. The Journal of Ceur Workshop
Proceedings with a total of 25 documents and a total of 250 citations is in the
highest order respectively. Followed by Lecture Notes In Computer Science
Including Subseries Lecture Notes In Artificial Intelligence And Lecture Notes In
Bioinformatics with a total of 19 documents and a total of 17 citations. Journal of
Communications in Computer And Information Science is at the bottom with 5
documents and O citations.

Table 3. The most prolific author in AR.

Number

15t Author Affiliation, Country Number of of H-
Documents - Index
Citation
Marques University of Aveiro, Portugal 4 26 3
Moreira Universidade de Aveiro,
4 31 3
Portugal
Osadchyi Bogdan Khmelnitsky Melitopol
State Pedagogical University, 4 43 3
Ukraine
Pombo University of Aveiro, Portugal 4 26 3
Birt Bond University, Australia 3 72 2
Cochrane Auckland University of 3 25 3
Technology, New Zealand
Ferreira Universidade Portucalense,
3 16 2
Portugal
Klama RWTH Aachen University,
3 5 1
Germany
Mintii Kryvyi Rih State Pedagogical 3 43 3
University, Ukraine
Modelski Warsaw University of 3 0 3
Technology, Poland
Table 4. The most influential journals in the field of AR.
Number of Number
Source Documents of
Citation
Ceur Workshop Proceedings 25 250
Lecture Notes In Computer Science Including Subseries
Lecture Notes In Artificial Intelligence And Lecture Notes 19 17
In Bioinformatics
ACM International Conference Proceeding Series 13 13
Advances In Intelligent Systems And Computing 8 26
Procedia Computer Science 7 184
Education Sciences 6 50
IEEE Global Engineering Education Conference Educon 6 7
Interactive Learning Environments 6 37
Sustainability Switzerland 6 89
Communications In Computer And Information Science 5 0

3.5.Most trending and cited AR publications

Table 5 shows the top ten most cited articles on AR in higher education. Based on
Table 5, there are no articles under 2012 that are included. Two articles published
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in the journal Computer in Human Behavior. The other eight articles were
published respectively in Educational Research Review, Proceedings-12th
International Conference on Signal Image Technology and Internet-Based System,
SITIS, Procedia Computer Science, Journal of Science Education and Technology,
BMC Medical Education, Eurasia Journal of Mathematics, Science and
Technology Education, Journal of Enterprising Communities, and Ceur
Woorkshop Proceedings. The article Advantages and challenges associated with
AR for education: A systematic review of the literature written by Akcayir and
Akcayir in 2017 topped the list with 639 citations. This article presents a SLR on
AR used in education considering factors such as year of publication, type of
learner (e.g., K-12, higher education, and adults), AR technology, and the
advantages and challenges of using AR in educational settings. The findings
highlight the most commonly cited benefit of AR, which is that it encourages higher
learning attainment, as well as the benefits and obstacles of adopting AR in
educational contexts. The findings highlight the most commonly cited benefit of
AR, which is that it encourages higher learning attainment, as well as the benefits
and obstacles of adopting AR in educational contexts. According to the research,
the most often mentioned benefit of AR is that it promotes greater learning
accomplishment. [18].

Table 5. Most trending and cited publications in AR.

Title Author year Source Cited by
Advantages and

challenges associated Educational

with augmented reality Akcayir and 2017 Research 639
for education: A Akcayir Review 20,

systematic review of pp. 1-11

the literature
Augmented reality in
science laboratories:

The effect of Computer in
augmented reality on . Human
university students' ATl el AU Behavior 57, e

laboratory skills and pp. 334-342
attitudes toward
science laboratories
Augmented reality to

premote collaborative Martin- COFTUIJ;:: n
and autonomous . 2015 ! 206
learning in higher Gutierrez et al. Behavior 51,
education pp. 752-761
Proceedings-
12th

International
Conference on
Signal Image
2017 Technology 77
and Internet-
Based System,
SITIS 2016
7907501, pp.
435-441

The Effect of the

Internet of Things Bagheri and
(10T) on Education Movahed
Business Model
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Title Author year Source Cited by
Mobile Augmented Procedia
Reality in Vocational Computer
Education and Baccaetal. 2015 Science 75, 65
Training pp. 49-58
A Pilot Study of the Journal of
Effectiveness of Science
Augmented Reality to Mejlas Borrero Education and
Enhance the Use of and Andujar 2012 61
- Technology
Remote Labs in Marquez
. . . 21(5), pp. 540-
Electrical Engineering 557
Education
Distance learning ects
and flipped classroom
in the anatomy Ferrer- BMC Medical
learning: Comparative Torregrosa et 2016 Education 60
study of the use of al. 16(1), 230
augmented reality,
video and notes
Euresia
Journal of
The use of augmented Mathematics,
reality in formal Saltan and 2017 Science and 58
education: A Scoping Arslan Technology
review Education
13(2), pp. 503-
520
Coronavirus (Covid- Journa_l 9f
19) and the Enterprising
entrepreneurshi Ratten 2020 Communities 54
P P 14(5), pp. 753-
education community 764
R
plem Woorkshop
educational resources Nechypurenko .
. . . 2020 Proceedings 53
in chemistry with etal.
2547, pp. 156-
elements of augmented
. 167
reality

3.6. Keyword analysis

Figure 3 reveals the concurrence analysis, obtained using the VOSviewer software.
The selected minimum co-occurrence scale for keywords was set at 3. Out of 781
keywords, only 62 met the criteria. The spacing and size of the bubbles determine
the number of occurrences of keywords and association links. These 62 keywords
are related to the four main clusters. To describe this, we classified into each colour,
representing a cluster with association links between keywords.

Based on Fig. 3, the largest cluster (in red) represents research related to AR in
higher education, in which this study discusses topics related to AR, higher
education, authentic learning, bim, blended learning, chemistry education,
computer science, curriculum, design-based research, didactic resources, digital
technologies, distance learning, e-learning, innovation, educational technology,
game-based learning, gamification, ICT, information and communication, learning,
mixed reality, mobile applications, mobile AR, mobile devices, MOOC,
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motivation, pedagogy, professors, Saudi Arabia, science education, sustainability,
teacher training, teaching, technology, ubiquitous learning, university innovation,
user experience, virtual reality, and XR.

authentiglearning

profassors
game-based learning

.
design-based research am@ jon
< ; simulstion Aechpologyaccegrance

computes scidite ‘
e-/eagnin, ngineeringecucation
e g@mub.m:a; G i Yo

.
virt ity educationgfinnovation
digital teahnologies L . % ;
pecagory AUZM reality eduggtion ndugpy 40~
techaplogy” @ mobile applications electignic®

.
teagbing highe“(ation informatien society

.
sustaiabillty

systamatic review

teachemtraining s
o

L4 educationgiitechnology

distancaiedfing motiggtion

) d\da(v ®sources
S VOSviewer

Fig. 3. Shows Keyword Analysis by VOSviewer software.

3.7.Research productivity by subject area

Based on Fig. 4, 332 papers appeared on the keyword AR in higher education. At
this stage, the classification of papers is filtered based on the title, abstract, and
keywords. However, it is hard to consider articles in a particular field since the
articles cover interdisciplinary issues in AR topics in higher education. The top 10
fields in AR research in higher education from 2006 to 2022, among which are
shown the three fields of publication that have the greatest number of publications,
namely computer science with 220 papers (66.2% of the total papers screened)
followed by social science, and engineering.

230
220
200
5 150 137
E
-
[ 90
QCJ 100
50 41
H .
0 |
Computer Social Engineering Mathematics Decision
Science Sciences Sciences
Subject Area

Fig. 4. The number of documents by subject area.

In terms of application, publishing, and citation, the overall findings indicate
that of AR research. This is demonstrated by the growing number of publications
and citations in the field of AR in higher education (in diverse subjects) during the
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previous decade. The study's principal findings revealed the top publications and
citations, researchers, nations, organizations, journals, and keywords in AR
research, as well as productive articles by topic area.

This study can bring new ideas and suggestions regarding analysis using the
bibliometric method. This can patch current studies in the bibliometric that have
been done in the literature [31-50].

4.Conclusion

This study aims to report on overall research trends on research progress in AR in
higher education related to productivity, international collaboration, leading
universities, authors, the impact of citations and journals, and AR keywords in
higher education.

The research method used is a bibliometric analysis using the VVoSviewer tool.
The data is taken from the Scopus database. This bibliometric research aids in the
examination of publishing trends and patterns in order to determine the level of
productivity of the subject area and to assist researchers in deciding what to publish
and where to publish it, while keeping the productivity of the subject, highly
relevant journals, authors, and so on in mind.

Over the last decade, the number of publications and citations has gradually
increased. The fundamental advantage of AR research is that it is being studied not
only by computer scientists but also by researchers from other fields like as
engineering, education, medical, marketing, and psychology. The use of
technology in all industries and spheres of life may be the primary motivation for
doing research.

This study's findings reveal an upward trend in the number of citations and
publications suggesting interest in AR usage over the previous decade. AR research
in higher education began in 2006 until now, the most productive year was in 2021
producing as many as 91 articles and the most citations in 2017 amounting to 639
documents. Data analysis revealed that the top three ranking researchers (Marques,
Moreira, and Osadchyi), countries (Spain, United States, United Kingdom),
Organizations (Universidad de la Laguna and Universiti Utara Malaysia), Journals
(Ceur Workshop Proceedings, Lecture Notes In Computer Science Including
Subseries Lecture Notes In Artificial Intelligence And Lecture Notes In
Bioinformatics, ACM International Conference Proceeding Series).

Furthermore, the main finding of this research is that the subject area of AR
technology is the field of computer science. Overall, this study concludes with the
argument that AR is no longer a technology that makes users feel in an unreal world
but is accompanied by a real world that makes users feel real things. This
technology is very practical for today's needs. There is still great potential in the
AR field for exploration, understanding, and testing.
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