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Abstract: - Augmented Reality technology allows users to interact with virtual objects integrated into the real 
world and real-time. Augmented Reality technology is considered a potential tool to promote the teaching and 
learning process. This study aims to identify the trends of publications related to Augmented Reality (AR) in 
education, bibliometric review of the studies as well as its application on enhancing students’ visualization skills 
in engineering education field. Thus, this study reviewed trends and bibliometric studies focusing on Augmented 
Reality (AR) in education for the past five years based on the Web of Science (WOS) database, and provide 
experimental results on the application of augmented reality technology to enhance visualization skills among 
engineering students. The result from this study proves that augmented reality shows an upward trends in 
education, as well as the experimental findings indicates positive results in enhancing visualization skills which is 
one of the reason why augmented reality is frequently used in education field as teaching and learning tools. This 
study will also provide researchers and educators with knowledge of the research trends of augmented reality in 
education. This paper will then highlight the most influential authors and countries in this research area as a 
reference for future researcher. 
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1 Introduction 
Nowadays, the teaching and learning process is no 
longer conducted solely in the classroom. Teaching 
and learning can be conducted anywhere, regardless 
of time and place. Technology has been identified as 
very influential in human life today as a medium for 
information and communication technology. In line 
with, various technology has been used in education 
due to its benefit. The use of technology in education 
has grown exponentially worldwide in various 
educational areas such as Science, Mathematics, 
Engineering and Social Sciences. According to Yee 
et al. [1], Malaysia needs to increase the generation 
of scientific, progressive, competitive, significant 
change and forward-looking people who are 
technology users and contributors to scientific 
development and future technological development.       

The current industrial revolution has impacted the 
education system in Malaysia in terms of its delivery 
and outcomes. Various parties have described the 

effect of the Fourth Industrial Revolution (IR4.0) on 
the future of education, gender and work, and the 
requirement of reskilling to fulfil the IR4.0 needs [2]. 
Fig. 1 shows the dimensions of the Fourth Industrial 
Revolution. 

 
Fig. 1 Dimensions of the Fourth Industrial 

Revolution (IR4.0) [3] 
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As the education system in Malaysian has 

undergone another evolution, Augmented Reality 
technology was introduced to ensure effectiveness in 
Teaching and Learning. AR has been recognized as 
one of the potential technologies in computer 
graphics [4]. AR allows users to access virtual 
objects into the real world in real-time. AR allows 
users to interact with virtual objects in a real and 
interactive way [5][6]. Recognizing this technology's 
uniqueness, many researchers found that this 
technology is suitable for use as a teaching and 
learning tool in various fields such as Science [7], 
Mathematics [8], Language [9] and Engineering [10].  

 The great potential and benefits of teaching 
and learning can be obtained through AR technology 
implementation [11] if appropriately applied. With 
the discovery of various benefits in using AR 
technology, many researchers suggest that AR 
technology be used in education during the P&P 
process [12]. Thus, this paper aims to describe the 
trends and conduct bibliometric studies focusing on 
the use of Augmented Reality (AR) in education for 
the past five years. 

 
2 Methodology 

This study aims to identify the use of AR in the 
education field. This paper Web of Science database 
to search for the articles included in this review 
paper. A total of 2545 publication is identified from 
the Web of Science database searches. The following 
keywords were used in the database search: 
"augmented reality" and education. In this study, 
inclusion and exclusion criteria are applied to ensure 
the articles included in these studies fit this review 
paper's criteria. The inclusion criteria and exclusion 
criteria are as follow: 

 
Inclusion criteria: 

 
a. Studies published within 2017 and 2020. 
b. Studies that already in the final stage of 

publication in the database. 
 
Exclusion criteria:  
a. Studies published in the form of other than 

“Articles” in selected journals. 
b. Studies comes from other than “Journal” 

based on the source type 
c. Studies that uses other than “English” 

language. 
 
After the inclusion and exclusion criteria are 

implemented, 792 articles have been identified and 
selected based on the Web of Science database. 
These records are then exported in the forms of txt. 
file format for the Web of Science database. In this 
review paper, bibliometric visualization methods and 
bibliometric analysis are used. This method is a 
quantitative method representing the trends of 
research and the characteristics of the publications 
[13]. For the bibliometric analysis, VOSviewer 
software was used to retrieve, analyze and visualize 
information on publications in this area. 
Bibliographic coupling of countries and authors were 
extracted and analyzed with the use of Vosviewer 
software. 

 
3 Results  

 
3.1 Most cited publication 
Table 1 shows the five most cited articles in the Web 
of Science database. The most cited article from 2017 
to 2021 in the paper by Moro et al. [14] with 115 
citations, followed by Chatzopoulos et al. [15] with 
74 citations. Based on the table, three out of five 
articles were reviewed or survey articles, while only 
two articles were experimental research article. 

 
Table 1: Web of Science 5 Most Cited Articles 

No.  Article Title Authors Citation 

1 
The Effectiveness of Virtual and Augmented Reality in Health 
Sciences and Medical Anatomy 

Moro et al., 2017 115 

2 
Mobile Augmented Reality Survey: From Where We Are to Where We 
Go 

Chatzopoulos et al., 

2017 
74 

3 
A Survey of Augmented, Virtual, and Mixed Reality for Cultural 
Heritage 

Bekele et al., 2018 72 

4 
The Past, Present, and Future o f Virtual and Augmented Reality 
Research: A Network and Cluster Analysis of the Literature 

Cipresso et al., 2018 61 

5 Learning English with Augmented Reality: Do learning styles matter? Hsu, 2017 69 

 
3.2 Distribution by field/areas 
Table 2 shows the top 10 research field or areas for 
publication related to augmented reality in education. 

The findings obtained from the Web of Science 
database shows that majority of the publication is 
from Education Educational Research (302), 
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followed by Education Scientific Disciplines (83) 
and Computer Science Interdisciplinary Applications 
(81). Based on the findings, it can be concluded that 
most of the articles published related to augmented 
reality in education are primarily in education 
educational research areas. 
 
Table 2: Publication Number Based on Research Field/Areas 
from Web of Science Database 
Field/areas Publication 

Education Educational Research 302 

Education Scientific Disciplines 83 
Computer Science Interdisciplinary 
Applications 81 

Computer Science Information 
Systems 55 

Engineering Multidisciplinary 46 

Engineering Electrical Electronic 38 

Chemistry Multidisciplinary 31 
Computer Science Software 
Engineering 27 

Computer Science Theory Methods 24 

Environmental Sciences 23 
 
3.3 Bibliographic Coupling of the Countries 

Figure 2 (See Appendix) presents a network 
visualization of a bibliographic coupling of the 
countries based on the Web of Science database. A 
country’s minimum number of publications was 7. Of 
the 77 countries, 35 met the threshold. The number 
of publications, the number of citations, and total link 
strength were calculated for all countries. The 
countries with the highest total link strength 
identified in this study are the United States, with 49 
total link strength, 155 documents and 832 citations. 
It was then followed by the People’s Republic of 
China with 40 total link strength, 57 number 
documents and 388 citations. For the other countries, 
the number of publications, number of citations and 
total link strength were calculated and listed in order. 
The other countries were England (37; 175; 38), 
Spain (92; 652; 31), Germany (30; 131; 20), Portugal 
(18; 56; 20), Canada (24; 66; 19), France (12; 35; 17), 
Australia (51; 397; 16) and Netherlands (12; 33; 16). 
Based on figure 2, there are 7 clusters represented by 
a different colour, with the biggest cluster that 
consists of 10 countries. The countries were Cyprus, 
England, Greece, India, Indonesia, Italy, Malaysia, 
Poland, Saudi Arabia and Turkey. The second 
biggest cluster consists of 6 countries: Canada, 
Finland, Germany, South Korea, Sweden and the 
United States. This was followed by the third biggest 

cluster, which consists of Australia, Japan, Peoples 
Republic of China, Singapore and Taiwan. 

 
3.3 Bibliographic Coupling of the Authors 
 
Figure 3 (See Appendix) presents a network 
visualization of a bibliographic coupling of the 
authors based on Web of Science. A country’s 
minimum number of publications was 4. Of the 2531 
authors, 28 meet the thresholds. The number of 
publications, the number of citations and their total 
link strengths have been determined for all authors. 
Based on these database search findings, the author 
with the greatest total link strength was Vahabzadeh 
A. from Harvard Medical School, United States, with 
17 total link strength, seven documents and 84 
citations. It was then followed by Keshav N. U. from 
the Cambridge United States with 15 total link 
strength, six documents and 56 citations. The number 
of publications, number of citations, and total link 
strength were calculated and listed in order for the 
other authors. The next author is Sahin N. T. from the 
Cambridge United States (6; 80; 15), Salisbury, J. P. 
also from Cambridge United States (5; 74; 13), Birt 
J. from Bond University, Australia ( 5; 54; 6), 
Cowling M. from CQ University, Australia (4; 49; 6), 
Moro C. from Bond University, Australia (5; 140; 6) 
and Stromberga, Z. from Bond University, Australia 
(4; 140; 6). Based on the data, 3 of the authors are 
from the Cambridge United States, one author from 
Harvard Medical School, also in the United States, 
and four authors from Australia. In Web of Science, 
it can be seen that the United States and Australia are 
the top contributing authors in this area of research 

 
 

4 Application of Augmented Reality 

Technology in Engineering Field 
The researcher has conducted an experimental study 
to identify the effectiveness of augmented reality to 
enhance visualization skills among engineering 
students. In the study, the researcher used a mobile 
augmented reality application as a teaching and 
learning tool to maximize the learning experience 
and enhance the concept understanding among the 
students. The mobile augmented reality focuses on 
engineering drawing topics which allows the students 
to learn while training their visualization skills at the 
same time.  
    Students were divided into two groups where the 
first group learn engineering drawing using the 
augmented reality technology and the second group 
used the conventional method. This approach is 
called a pre-test post-test quasi-experimental 
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research design that allows the researcher to compare 
two groups. In this study, the researcher will first 
identify the gain scores and the standard deviation 
based on the data obtained after the pre-test and post-
test. The researcher will then identify the 
assumptions for equal variances by applying the 
Levene’s Test for Equality of Variances formula, 
followed by the value for t, degrees of freedom (df) 
and Sig(2-tailed) p-value. The p-value will then show 
whether the students learning using augmented 
reality technology shows significant improvements 
in their visualization skills compared to students 
learning using the conventional method. 
 
4.1 Formulation for Analysis of the Result 
 
4.1.1 Standard Deviation 

The formula to calculate standard deviation is 
expressed as [16] 
 

   (1) 
where σ is the population standard deviation, 𝓍 is all 
the value in the sample used, μ is the mean of the 
sample used and N is the number of the values in the 
samples. 
 
4.1.2 Levene’s Test for Equality of Variances 

The formula to calculate Levene’s Test for Equality 
of Variances is expressed as [17] 
 

    (2) 
 

        (3) 
 

where k is the number of different groups to which 
the sampled cases belong, 𝑁𝑖 is the number of cases 
in the ith group, N is the total number of cases in all 
groups and 𝑌𝑖𝑗 is the value of the measured variable 
for the jth case from the ith group. The test statistic, 
W, is equivalent to the F statistic that would be 
produced by such an ANOVA.  
 

4.1.3 t-statistics 

The formula to calculate value of t is expressed as 
[16] 
 

 

 (4) 
 

 

where (ΣA)2 is the sum of data set A, squared, (ΣB)2 
is the sum of data set B, squared,  
μA is the mean of data set A,  
μB is the mean of data set B,  
ΣA2 is the sum of the squares of data set A,  
ΣB2 is the sum of the squares of data set B,  
nA is the number of items in data set A and  
nB which is the number of items in data set B. the 
value of t is the ratio of the difference between the 
sample mean and the given number to the standard 
error of the mean. When calculating the t value, the 
larger the magnitude of the t-value will give a smaller 
p-value.  
 
4.2 Findings 
After the respondents in their respective groups is 
exposed to both interventions, they are required to 
answer the Minnesota Paper Form Board Test 
(MPFBT), one of visualization test to identify their 
mentally combining 2D object skills. Table 3 shows 
the findings from the study.  

 
Table 3: Independent Sample Test for PSVT:R 

 Levene’s test for 
equality of variances 

t-test for Equality of Mean 

 F Sig. t df Sig. (2-tailed) Mean Difference 
Equal variances assumed .064 .801 4.646 58 .000 22.66567 
Equal variances not assumed   4.646 51.325 .000 22.66567 

Table 3 indicates that the independent sample test for 
PSVT: R test shows a large significant value of .801 
(F=.064). Hence, the null hypotheses, which stated 
that the two population variances were equal, was 
accepted and were used to identify the significant 

differences. Furthermore, the value of t-test with 
equal variances was -4.646 at degrees of freedom df 
equal to 58. Based on the findings, it indicates that 
the null hypotheses are accepted as the value of p is 
smaller than the α value (p=.000 < 0.05). Thus, the 
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result shows that there is a significant difference in 
the mean score of mentally rotating 3D objects skills 
between the respondents in the experimental and 
control group. This result shows that teaching and 
learning using augmented reality technology is 
effective towards enhancing the mentally rotating 3D 
objects skills during orthographic projection teaching 
and learning compared to the conventional teaching 
method. 
 
5 Discussion and Conclusion 

 
In this paper, the articles on augmented reality in 
education in the Web of Science were retrieved from 
the database and analyzed in terms of the most cited 
articles and publication numbers based on research 
areas. The retrieved data also were analyzed and 
visualized through both descriptive and evaluative 
bibliometric analysis method. For this study, 
Vosviewer software was used to analyze and 
visualize the information needed in this paper. In this 
paper context, the bibliographic coupling of countries 
and authors were analyzed and visualized.  

The findings on the most cited articles from the 
Web of Science database shows that Moro et al. [14] 
were the most cited articles with 115 citations. This 
article was in health science, where the author studies 
augmented reality and virtual reality to replace a real-
life cadaver with a tablet-based application to reduce 
the issues of financial, ethical, and supervisory 
constraints on using cadaver. Findings on the 
cadaver's effects in learning structural anatomy 
towards students show that students may encourage 
inappropriate attitudes towards human remains and 
exhibit a range of emotional responses such as 
increased callousness and disgust [18]. Thus, the use 
of augmented reality and virtual reality is shown to 
have reduced the adverse effects and issues in this 
study.  

Other than that, the second-highest cited articles 
identified in this study is an article from 
Chatzopoulos et al. [15] that discuss the elements in 
Mobile Augmented Reality (MAR), such as basics 
information, categorization, user interface and 
experience as well as its functionality (tracking and 
registration). This study concludes that mobile 
devices are suitable but not yet perfect for the 
augmented reality application. However, with the 
invention of mobile computing and wearable 
computers, the future of augmented reality is still 
blooming.   

According to the number of publication results 
based on the research areas, it is found that most of 
the publication identified in this study were under the 

Education Educational Research area followed by 
Education Scientific Disciplines. This is due to this 
paper's nature, where the keywords used to search the 
articles in this study were "Augmented Reality" AND 
Education. Thus, making most of the articles 
included in this paper from the Education 
Educational Research and Education Scientific 
Disciplines.  

Next, based on the bibliographic coupling results 
of the countries conducted, the most influential 
country in this area had been the United States and 
the second one is the People's Republic of China. The 
other influential countries in this research area are 
England, Spain, Germany, Portugal, Canada, France, 
Australia and the Netherlands. The most significant 
cluster in this area in Cyprus, England, Greece, India, 
Indonesia, Italy, Malaysia, Poland, Saudi Arabia and 
Turkey shows that studies originated from these 
countries were often linked with each other than the 
other countries on this list.  

The results related to the authors' bibliographic 
coupling show that the most influential author in this 
area of research was Vahabzadeh A. when all the 
criteria were taken into account. However, when 
looking at the number of citations, Moro C. and 
Stromberga Z. with 140 citations Were the leading 
authors, followed by Martin-Gutierrez J. with 114 
citations. According to the findings, the top 4 authors 
in this research area were all from the United States, 
which shows this country's predominance in this 
field. Besides, most of these authors were from 
Cambridge University and Harvard University, 
which is among the world's top-tier universities.  

Based on the findings on the application of 
augmented reality technology section, it indicates a 
positive result in the use of augmented reality to 
enhance visualization skills among engineering 
students. This is due to the functions of this 
technology to emphasize complex concept and 
provide an effective way to present complex 
information in an easy way [19]. Thus, this section 
further proves the effectiveness of augmented reality 
and why augmented reality is becoming the trend in 
education field.  

Augmented reality is already widely used in the 
educational field due to its various teaching and 
learning benefits. However, more things to be 
explored on using this technology make more 
researchers continuously conduct more studies on 
augmented reality, especially in education. Even 
though new technology tools are more holistic and 
practical, but this does not eliminate the importance 
of old teaching and learning tools [20]. 

The research's trends for this technology are still 
increasing, and more studies were continuously 
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conducted to explore this technology's potential. 
Thus, investing in studying this technology will 
unveil various advantages and their application in the 
future. This study has successfully shown the trends 
and prominent authors and countries in research 
related to augmented reality in education, 
highlighting some publications for future researchers 
in this area. 
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APPENDIX 

 

 
 

Fig. 2 Bibliographic coupling of the countries based on Web of Science database 
 
 

 
Fig. 3 Bibliographic coupling of the authors based on Web of Science database 
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