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ABSTRACT 

This study aimed to identify the trends in the studies conducted on Educational Augmented 
Reality (AR). 105 articles found in ERIC, EBSCOhost and ScinceDirect databases were 
reviewed with this purpose in mind. Analyses displayed that the number of educational AR 
studies has increased over the years. Quantitative methods were mostly preferred in those 
articles and educational AR was often found to be used in science education (physics, 
chemistry and biology), engineering education and medical training. The reviewed articles 
showed that “undergraduate students” were used as samples for most of the time, the 
most often preferred sample size was between “31-100” and “surveys” were the most 
utilized data collection tools. While the majority of the articles used marker-based AR as 
AR type, mobile devices were utilized in many of these articles as the delivery technology. 
It is believed that the results obtained in this study will light the way for future research.  

Keywords:  educational augmented reality; systematic review; trends in 
augmented reality 

 

INTRODUCTION 

Augmented Reality (AR) can be defined as the technology that allows which virtual objects to be 
interactively overlaid on real time images (Azuma, 1999). Through this technology, virtual objects and real 
time images are delivered in conjunction and synchronously (Azuma et al., 2001). In AR, virtual data are 
included in user’s physical environment to enable the user to interact with the virtual content (Azuma, 1997; 
Milgram & Kishino, 1994). That is to say, in AR, the issue is not a question of replacing the real with virtual as 
it is the case in virtual reality. AR enhances the real time images with synchronous virtual objects overlaid 
over them  (Billinghurst, 2002; Kerawalla, Luckin, Seljeflot, & Woolard, 2006). Hence, the users can access 
more information than they would otherwise have obtained through sensory organs. 

AR is a technology used in many sectors such as military, medicine, engineering, tourism and 
advertisement (Wu, Lee, Chang, & Liang, 2013; Yen, Tsai, & Wu, 2013).  The fact that it does not require the 
use of specialized equipment has made it possible for AR to spread rapidly. Although it was a technology that 
could only be used with devices such as head-mounted-display when it was first launched, it can be easily 
used today with all computers or mobile devices.  

Increase in the number of mobile devices (Wu et al., 2013) and easy access to these devices has made 
it possible for large masses to utilize AR. This prevalence has taken effect in the field of education as well and 
especially in recent years, the use of AR for educational purposes has become a significant topic of research 
(Fleck, Hachet, & Bastien, 2015; Wu et al., 2013). As a matter of fact, Horizon reports cited AR among 
educational technologies with significant advances (Johnson et al., 2016) which will be widely used in 
educational environments in a few years (Johnson, Adams, & Cummins, 2012). Review of studies in the 
literature shows that AR is a technology used in almost all levels of education from kindergarten (Huang, Li, 
& Fong, 2016), to graduate studies (Carlson & Gagnon, 2016). The studies conducted on AR report that use 
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of AR for educational purposes has various advantages (Table 1).  

 

Table 1 Advantages of AR use in educational environments 

 

As Table 1 displays, use of AR for educational purposes has a wide range of advantages. By taking these 
advantages into consideration, it can be argued that AR is a contemporary technology that can be used to 
obtain critical learning outcomes (Thornton, Ernst, & Clark, 2012). However, there are also some limitations 
in using AR for educational purposes. Technical problems experienced while using AR is the leading and most 
important limitation  (Lu & Liu, 2015). Use of location-based AR is generally limited by technical problems 
experienced about GPS  (Cheng & Tsai, 2013; Chiang et al., 2014; Crandall et al., 2015), use of marker-based 
AR is limited by technical problems experienced about perceiving the marker (Chang et al., 2014). Other 
limitations include teachers’ lack of sufficient information to develop AR materials (Lu & Liu, 2015) and the 
fact that AR assisted lessons require more time compared to traditional lessons (Gavish et al., 2015). 

 The Purpose of the Study 

Use of AR technologies in the learning-teaching process provides many conveniences and advantages 
(Table 1). Continuing to conduct studies related to this topic is imperative to identify affordances  and 
characteristics of  educational AR (Wu et al., 2013).  Previous studies on educational AR can be used to guide 
future studies. Therefore, systematic reviews are crucial to present the current situation and to shed light on 
future studies. Reviewing previous studies assists researchers to make decisions on issues such as topic, 
method and sampling.  

It is possible to find many systematic reviews in literature on use of technology in education (Kucuk, 
Aydemir, Yildirim, Arpacik, & Goktas, 2013; Pimmer, Mateescu, & Gröhbiel, 2016; Ross, Morrison, & Lowther, 
2010).  However, there are only a few systematic reviews that examined educational AR studies. While some 
of these limited number of systematic reviews only investigated the articles in specific journals (Akçayır & 
Akçayır, 2017; Bacca, Baldiris, Fabregat, Graf, & Kinshuk, 2014), some others examined the articles that 

Advantages of Educational AR Researchers 

Increases achievement  
Chiang, Yang and Hwang (2014) Estapa and Nadolny (2015), 
Ferrer-Torregrosa, Torralba, Jimenez, Garc’ia and Barcia 
(2014) 

Facilitates learning  Carlson and Gagnon (2016), Kamarainen et al. (2013), Yoon, 
Elinich, Wang, Steinmeier and Tucker (2012) 

Enhances motivation  Chiang et al. (2014), Ferrer-Torregrosa et al. (2014), Solak and 
Cakir (2015) 

Ensures permanent learning  Perez-Lopez and Contero (2013) 
Increases interest towards lessons Chen and Wang (2015), Zhang, Sung, Hou and Chang (2014) 

Increases student participation in classes   Bressler and Bodzin (2013), Dunleavy, Dede and Mitchell 
(2009), Liu and Tsai (2013) 

Develops positive attitudes  Akçayır, Akçayır, Pektaş and Ocak (2016), Hwang, Wu, Chen 
and Tu (2016), Lu and Liu (2015) 

Enhances spatial skills  Ho, Chung and Lin (2012), Lin, Chen and Chang (2015) 

Ensures cooperative learning 
Bressler and Bodzin (2013), Han, Jo, Hyun and So (2015), 
Martín-Gutiérrez, Fabiani, Benesova, Meneses and Mora 
(2015) 

Ensures learning by having fun Ibáñez, Di Serio, Villarán and Kloos (2014), Yilmaz (2016) 

Decreases cognitive load Bressler and Bodzin (2013), Küçük, Kapakin and Göktaş (2016) 
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compared the environments with or without AR use (Radu, 2014). There are also systematic reviews in 
literature that focused on articles on AR related to education in a specific  field (science learning) (Cheng & 
Tsai, 2013). It is observed in these systematic reviews that they usually focus on advantages and limitations 
of AR use in education. However, more comprehensive reviews are required to identify trends in educational 
AR studies. This study aimed to bridge the existing gap in literature by analyzing all educational AR studies 
found in various databases (ERIC, EBSCOhost, ScienceDirect).  The study that set out to determine the trends 
in educational AR studies sought answers to the following questions:   

1. What is the distribution of educational AR studies by years?   

2. What is the distribution of educational AR studies by research methods that are used? 

3. What is the change in the research methods used in educational AR studies by years? 

4. What is the distribution of educational AR studies by fields of education? 

5. What is the distribution of sample levels preferred in educational AR? 

6. What is the distribution of the number of samples educational AR preferred in educational AR? 

7. What is the distribution of data collection tools used in educational AR studies? 

8. What is the distribution of AR types used in educational AR studies? 

9. What is the distribution of delivery technology used in educational AR studies? 

METHOD 

This study followed the 5-phase process developed by Arksey and O’Malley (2005) for systematic 
review studies. 

Identifying the research questions:  

This study aimed to identify the trends in educational AR studies conducted between the years 2011 
and 2016. Research questions were developed subsequent to literature review undertaken for this purpose. 
Research questions were provided under the heading “The Purpose of the Study”. 

Identifying relevant studies: 

Use of AR in educational environments is a research topic that has recently become popular. Therefore, 
the review studies that examined educational AR studies are limited in number (Akçayır & Akçayır, 2017; 
Bacca et al., 2014; Cheng & Tsai, 2013; Radu, 2014). It was construed that the studies that were examined in 
these systematic reviews were generally selected based on specific journals, methods or research topics. 
More comprehensive systematic reviews are needed in order to determine trends in educational AR studies. 
Hence, it was seen fit to examine articles reviewed in different databases in the present study. ERIC, 
EBSCOhost and ScienceDirect databases were utilized in identifying the related studies. “Augmented reality” 
keywords were used in database searches in the cited databases. Searches were not filtered according to any 
criterion other than date (01.01.2011-31.12.2016). It was targeted to access a higher number of AR studies 
conducted in various fields (engineering, medicine etc.).  Key word search provided a list of approximately 
2.500 publications. 

Study Selection 

Studies that were in line with the inclusion and exclusion criteria (Table 2) were selected from among 
the list of about 2.500 publications. 105 articles were deemed appropriate for the purpose of the study after 
having being assessed separately by the researchers. Article Review Form (ARF) developed by the researchers 
was used as data collection tool to examine the articles to be assessed. Researchers made use of the data 
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collection tool developed by Göktaş et.al. (2012) in developing ARF. For this purpose, the data collection tool 
developed by Göktaş et.al. (2012) was revised according to the research questions in the present study, ARF 
was adjusted to be used in this study and finalized in line with the views of 2 field experts ARF is composed 
of 8 sections. The first section includes copyright information of the article (title, name of author, name of 
journal, year of publication etc.). Other sections are method, research topic, level of sample, number of 
sample, data collection tools, AR type and AR delivery technology respectively. 

Table 2 Inclusion and exclusion criteria 

Inclusion Exclusion 

Articles with access to full text were included in the 
study 
 

Conference proceedings, book chapters or articles 
with only summaries were excluded from the 
study. 
 

Articles that approach AR technology for 
educational purposes (formal or informal) were 
included in the study. Literature reviews that focus 
on application development or discussions about 
educational dimensions of AR were included in the 
study. 

AR studies with no educational dimensions were 
excluded from the study.  

  
Articles in which AR technologies were used (alone 
or in conjunction with other environments) were 
included in the study.  

Studies that used environments such as virtual 
reality etc. although the concept of AR is also 
mentioned were excluded from the study. 

Charting of Data: 

In this phase, examined articles were first coded into Microsoft Excel program with the help of ARF. It 
was observed that some articles included more than one sample. In such studies, each sample group was 
separately coded. Data were examined with the help of content analysis method. Content analysis is a 
method that includes text arrangement, classification of categories, comparison of categories and extraction 
of theoretical outcomes (Cohen, Manion, & Morrison, 2013). Frequencies and percentage calculations for 
related data in terms of answering the questions were presented in graphics and tables (please see Results 
and Discussion Section). Coding and data analysis were done by each researcher separately, in cases results 
differed from one another, field experts were consulted.  

Collating, Summarizing and reporting findings: 

The last phase included comparison of results, summarising and reporting them. These can be found 
in Results and Discussion Section. 

RESULTS AND DISCUSSION 

What is the distribution of educational AR studies by years?   

There is an increase in the number of Educational Augmented Reality studies by publication year 
(Figure 1). While the least number of studies was found in 2011, the highest number of studies was conducted 
in 2016. The steady increase in the number of studies over the years can be argued to show that interest 
towards AR in educational environments will continue in the upcoming years as well. As a matter of fact, AR 
is cited in the Horizon Report among the educational technologies with significant advances (Johnson et al., 
2016). Based on these findings, it can be claimed that the number of educational AR studies will continue to 
increase in the upcoming years. This finding is significant since it presents the value of this study to guide 
future studies in the field.  
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Figure 1 shows a significant rise especially in 2013. This striking increase may be related to the 

enhanced role of mobile devices in education (Martin et al., 2011). While broadband has increased in mobile 
communication, costs have decreased (ITU, 2016). This fact raises the ratio of owning mobile devices. 
Increase in the number of mobile devices is regarded as an important factor in widespread use of AR (Martin 
et al., 2011; Wu et al., 2013).  

 

Figure 1. Number of articles by year 

What is the distribution of educational AR studies by research methods that are used? 

It was observed that quantitative methods were preferred in half (50%) of the educational AG studies 
(Figure 2). Quantitative methods were followed by studies conducted by using literature reviews (19%) and 
mixed methods (18%). These were followed by other methods (7%) and qualitative methods (6%). One of the 
reasons why quantitative methods were often proffered may be related to the fact that the potential of AR 
technologies in education is recently being discovered.  (Fleck et al., 2015; Vilkoniene, 2009; Wu et al., 2013). 
The high number of studies to identify the effect of AR use on student achievement (Chiang et al., 2014; 
Estapa & Nadolny, 2015; Ferrer-Torregrosa et al., 2014; Lu & Liu, 2015) or to determine student views on AR  
(Cai, Wang, & Chiang, 2014; Crandall et al., 2015; Di Serio, Ibáñez, & Kloos, 2013) may be the reason why 
quantitative methods are mostly. Similarly,  studies on educational technologies also make use of 
quantitative methods the most (Kucuk et al., 2013; Ross et al., 2010).   

Examination of Figure 2 shows that the number of studies conducted with qualitative methods is 
strikingly scarce.  This finding points to the need for more qualitative studies. Using qualitative methods in 
future studies may bridge this gap. However, it would be beneficial to examine the distribution of preferred 
methods by year in order to better analyze distribution of methods used in educational AR studies.  
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Figure 2. Distribution of methods used in educational AR studies 

What is the change in the research methods used in educational AR studies by years? 

Examination of the distribution of research methods by years (Figure 3) shows rises and falls generally 
for all methods. It can be claimed that quantitative methods generally increased until 2016. Especially in 
2015, the number of studies that utilized quantitative methods was on the rise. While the use of qualitative 
methods decreased by 2016; the use of mixed, other and qualitative methods increased. It may be claimed 
that quantitative methods lost their impact by 2016 in educational AR studies whereas other methods have 
started to gain importance. There is an increase in the number of qualitative methods used in educational 
AR studies since 2013. However, qualitative methods still have the lowest ratio among all methods (Figure 2) 
and there is a dire need for studies that will be conducted with qualitative methods.    

 

Figure 3. Change in research methods by year 
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What is the distribution of educational AR studies by fields of education? 

According to Table 3 AR technologies are used in many educational fields. Biology is the leading field 
in this regard (19,8%). Taken into consideration along with physics (7%) and chemistry education (5,8%), it 
can be claimed that AR is a tool that is often employed in science education (physics, chemistry and biology). 
This finding may be related to the fact that science topics include a multitude of concrete concepts (Karal & 
Abdüsselam, 2015). AR presents appropriate environments to facilitate the comprehension of science 
concepts with the help of 3D models. Therefore, students have the opportunity to directly observe concrete 
concepts rather than visualizing them (Furió, González-Gancedo, Juan, Seguí, & Costa, 2013). As a matter of 
fact, literature includes many AR studies conducted on different science topics such as ecology (Hsiao, Chen, 
& Huang, 2012), electrostatic (Echeverría et al., 2012), electromagnetic (Ibáñez et al., 2014), molecules (Cai 
et al., 2014), elastic collision (Wang, Duh, Li, Lin, & Tsai, 2014) and momentum (Lin, Duh, Li, Wang, & Tsai, 
2013). It is also observed that AR technology is utilized in laboratory training  (Akçayır et al., 2016; Enyedy, 
Danish, Delacruz, & Kumar, 2012; Lin et al., 2013). 

AR is often used in engineering (12,8%) and medical training (11,6%).  In addition to formal education, 
AR is also employed for informal purpose such as museum education (Chang et al., 2014), library education 
(Chen & Tsai, 2012) or staff training (Pejoska, Bauters, Purma, & Leinonen, 2016) (7%).  AR technology is also 
employed in fields such as language education (5,8%), special education (4,7%), preschool education (3,5%), 
history education (2,3%) and astronomy education (%2,3). Apart from these educational fields, the ratio of 
studies collected under the other studies is 11,6%. These studies focus on different topics such as teacher 
training (Muñoz-Cristóbal et al., 2014),  art education (Di Serio et al., 2013) and robotic training (Tanner, 
Karas, & Schofield, 2014). There are also studies that examined the impact of AR on applied training areas 
such as assembly, repair and maintenance (Gavish et al., 2015; Westerfield, Mitrovic, & Billinghurst, 2015). 
This finding shows that AR is a technology that can be employed in education and training of very diverse 
fields.  

Table 3 Distribution of training/education fields  

Education Field f % 
Biology Education 17 19,8 
Engineering Education 11 12,8 
Medical Training   10 11,6 
Other  10 11,6 
Physics Education 6 7,0 
Informal Education  6 7,0 
Language Education  5 5,8 
Chemistry Education  5 5,8 
Mathematics  Education 5 5,8 
Special Education  4 4,7 
Preschool Education  3 3,5 
History Education  2 2,3 
Astronomy Education  2 2,3 

 

What is the distribution of sample levels preferred in educational AR? 

Table 4 presents the distribution of AR studies based on sample level. In general, Table 4 displays that 
the majority (74,7%) of the study samples was composed of undergraduate students (36,8%) and K-12 
(primary school, secondary school and high school) students (37,9%). Undergraduate students were fund to 
be the most preferred sample groups in studies conducted to identify trends in educational technologies 
(Kucuk et al., 2013). It can be claimed that AR is different than other educational technologies since it is 
extensively used in the education of secondary school (19,5%) and primary school (11,5%) students. Primary 
and secondary (lower grade) students are in concrete operations stage of Piaget’s cognitive development 

  www.mojet.net 

 

66



 Malaysian Online Journal of Educational Technology 2018 (Volume 6  - Issue 2 ) 

 
stages (Piaget, 1976). Students in this developmental level learn concrete concepts that they can perceive 
through their sensory organs more comfortably. Hence, learning tools that will facilitate to concretize 
abstract concepts are needed in this period. AR ensures teaching abstract concepts by making them concrete 
(Sayed, Zayed, & Sharawy, 2011). The reason why AR is preferred in educating primary and secondary school 
students is related to the fact that AR ensures concretization.  

It was found that AR studies had a low ratio of preference for using high school students as (6,9%). The 
ratios of studies conducted on special education students and teachers were found to be similar (5,7%). AR 
enriches the real time images perceived by sensory organs by adding virtual objects (Sırakaya, 2016). It can 
be claimed that this characteristic provides AR with the ability to generate appropriate learning environments 
for individual with special needs. Future studies may take this finding into consideration and focus on studies 
on special education.  

Parents (4,6%), other samples (4,6%) and primary school students (3,4%) were found to be included in 
sample selection respectively. The least studied sample was graduate students (1,1%). The advantages cited 
above show that AR is a suitable tool for educating primary school students.  

Table 4 Distribution of sample levels  

Sample Level f %  
Undergraduate students  32 36,8  
Secondary school students  17 19,5  
Primary school students  10 11,5  
High school students  6 6,9  
Special education  5 5,7  
Teachers  5 5,7  
Parents  4 4,6  
Other  4 4,6  
Preschool students  3 3,4  
Graduate students  1 1,1  

 

What is the distribution of the number of samples educational AR preferred in educational AR? 

It was found that the most preferred sample size in educational AR studies was between 31-100 
(39,0%) (Table 5). This finding may be related to the fact that experimental studies are generally preferred to 
identify the effects of AR use in educational. As a matter of fact, studies conducted on educational 
technologies (Kucuk et al., 2013) and educational AR (Bacca et al., 2014) to determine trends also used this 
sample size as well. This sample size was followed by sample size of 11-30 11-30 (13,3%) and sample size of 
101-300 (12,4%). 5,7% of the studies were conducted with 1-10 participants whereas 2,9% of the studies did 
not provide sample size. Only 1 study (1,0%) was conducted with the participation of more than 1000 
participants. 

Table 5 Distribution of sample size  

Sample size f %  
Between 31-100  41 39,0  
Between 11-30  14 13,3  
Between 101-300  13 12,4  
Between 1-10  6 5,7  
Not identified  3 2,9  
More than 1000 1 1,0  
Between 301-1000  0 0  
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What is the distribution of data collection tools used in educational AR studies? 

It was found that the most common data collection tool in educational AR studies is survey (29,9%) 
and the least common employed data collection tool is (8,4%) (Table 6). Widespread use of student surveys 
about use of AR in educational environments may have contributed to this finding. Other data collection 
tools are achievement tests (16,9%), interviews / focus groups (13,3%), other (13,3%), attitude, personality 
or aptitude tests (10,2%) and observations (9%) respectively. 

Table 6 Distribution of data collection tools  

Data collection tool  f %  
Survey  48 29,9  
Achievement test  28 16,9  
Interview / focus group interview 22 13,3  
Other 22 13,3  
Attitude, personality or aptitude tests 17 10,2  
Observation  15 9,0  
Document 14 8,4  

What is the distribution of AR types used in educational AR studies? 

Marker-based AR was preferred in the majority of educational AR studies (86%) (Figure 4) followed by 
location-based AR (11%) and hybrid AR (3%) in a limited number of studies. Marker-based AR is a relatively 
easy technology to use (Thornton et al., 2012). Also, compared to others, it is easier to develop marker-based 
AR applications (Lu & Liu, 2015). The fact that location-based and hybrid AR applications were used less in 
studies may have been related to lack of technical skills on the part of researchers in developing these 
applications. However, location-based AR presents an important advantage to students by allowing them to 
learn outside the classroom (Chiang et al., 2014). I6t is necessary to increase the number of location-based 
AR studies in order to discover different dimensions of educational AR and to evaluate educational AR in 
terms of diverse variables. 

 

Figure 4. AG type 
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What is the distribution of delivery technology used in educational AR studies? 

The most preferred delivery technology in educational AR studies is mobile devices (57%) (Figure 5). 
Similar results (Akçayır & Akçayır, 2017) that point to mobile devices as the most preferred delivery 
technology in educational AR studies were found. Use of mobile devices for educational purposes provides 
various affordances such as portability, interactivity, context sensitivity, connectivity and individuality 
(Churchill & Wang, 2014). Use of AR applications in mobile devices allow students to make observations 
outside of classroom and learn by doing (Chiang et al., 2014).  The reason why mobile devices are mostly 
used in educational AR studies may be related to the advantages of mobile devices.  

  

 

Figure 5. Delivery technology 

CONCLUSION AND SUGGESTIONS 

This study examined 105 educational AR articles indexed in ERIC, EBSCOhost and ScienceDirect 
databases with content analysis method. Selected articles were coded according to the following headings: 
year of publication, method, research topic, sample level, sample size, data collection tool, AR type and 
delivery technology. Data analyses set out to establish trends in educational AR studies. 

The number of educational AR studies has increased over the years. It is foreseen that educational AR 
will be more widespread in the future along with recent advances in mobile technologies. The significance of 
AR use for educational purposes and the increase in the number of AR studies will continue in the upcoming 
years. It can be argued that the results of this systematic review are significant to guide future studies. 

Research results present that AR is a technology used in education in diverse fields. Science, 
engineering and medical training are the fields in which AR is employed the most. Similarly, AR is utilized in 
training different sample levels which can be explained with a unique characteristic of AR: combining real 
and virtual. With this characteristic, AR stands out as an effective educational tool that can be used for 
different sample levels and training in various fields.  

Suggestions regarding future studies are provided below: 
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• Quantitative methods are used the most in educational AR studies whereas qualitative methods are 

preferred the least. Future studies can utilize qualitative methods instead of quantitative ones to 
bridge the gap in AR studies. 

• Future studies may include teachers the implementers of the system, as samples. Hence, teachers may 
be encouraged to practice AR in the classroom since they will discover the educational potential of 
AR. 

• Future studies can be conducted on less studied sample groups such as special needs students, 
preschool students, parents and graduate students. Therefore, educational potential of AR can be 
examined in depth. 

•  AR is generally utilized in science, engineering and medical training. Studies that will be conducted in 
social and artistic fields may help discover different dimensions of AR. 

• Marker-based AR is preferred in almost all existing AR studies. Future studies may employ location-
based AR.  

• Studies that utilize AR goggles are needed. These studies may help discover different educational 
potentials of AR technology. 

 

REFERENCES 

Akçayır, M., & Akçayır, G. (2017). Advantages and challenges associated with augmented reality for 
education: A systematic review of the literature. Educational Research Review, 20, 1–11. 

Akçayır, M., Akçayır, G., Pektaş, H. M., & Ocak, M. A. (2016). Augmented reality in science laboratories: The 
effects of augmented reality on university students’ laboratory skills and attitudes toward science 
laboratories. Computers in Human Behavior, 57, 334–342. http://doi.org/10.1016/j.chb.2015.12.054 

Arksey, H., & O’Malley, L. (2005). Scoping studies: towards a methodological framework. International 
Journal of Social Research Methodology, 8(1), 19–32. 
http://doi.org/10.1080/1364557032000119616 

Azuma, R. (1997). A survey of augmented reality. Presence: Teleoperators and Virtual Environments, 6(4), 
355–385. http://doi.org/10.1.1.30.4999 

Azuma, R. (1999). The challenge of making augmented reality work outdoors. Mixed Reality: Merging Real 
and Virtual Worlds, 379–390. 

Azuma, R., Baillot, Y., Behringer, R., Feiner, S., Julier, S., & MacIntyre, B. (2001). Recent Advances in 
Augmented Reality. IEEE Comput. Graph. Appl., 21(6), 34–47. http://doi.org/10.1109/38.963459 

Bacca, J., Baldiris, S., Fabregat, R., Graf, S., & Kinshuk. (2014). Augmented reality trends in education: a 
systematic review of research and applications. Journal of Educational Technology & Society, 17(4), 
133. 

Billinghurst, M. (2002). Augmented Reality in Education. New Horizons for Learning. Retrieved from 
http://www.it.civil.aau.dk/it/education/reports/ar_edu.pdf 

Bressler, D. M., & Bodzin, A. M. (2013). A mixed methods assessment of students’ flow experiences during 
a mobile augmented reality science game. Journal of Computer Assisted Learning, 29(6), 505–517. 

 

  www.mojet.net 

 

70



 Malaysian Online Journal of Educational Technology 2018 (Volume 6  - Issue 2 ) 

 
Cai, S., Wang, X., & Chiang, F.-K. (2014). A case study of Augmented Reality simulation system application 

in a chemistry course. Computers in Human Behavior, 37, 31–40. 
http://doi.org/10.1016/j.chb.2014.04.018 

Carlson, K. J., & Gagnon, D. J. (2016). Augmented reality integrated simulation education in health care. 
Clinical Simulation in Nursing, 12(4), 123–127. 

Chang, K.-E., Chang, C.-T., Hou, H.-T., Sung, Y.-T., Chao, H.-L., & Lee, C.-M. (2014). Development and 
behavioral pattern analysis of a mobile guide system with augmented reality for painting 
appreciation instruction in an art museum. Computers & Education, 71, 185–197. 

Chen, C.-M., & Tsai, Y.-N. (2012). Interactive augmented reality system for enhancing library instruction in 
elementary schools. Computers & Education, 59(2), 638–652. 

Chen, C., & Wang, C.-H. (2015). Employing augmented-reality-embedded instruction to disperse the 
imparities of individual differences in earth science learning. Journal of Science Education and 
Technology, 24(6), 835–847. 

Cheng, K.-H., & Tsai, C.-C. (2013). Affordances of augmented reality in science learning: Suggestions for 
future research. Journal of Science Education and Technology, 22(4), 449–462. 

Chiang, T. H. C., Yang, S. J. H., & Hwang, G.-J. (2014). An Augmented Reality-based Mobile Learning System 
to Improve Students’ Learning Achievements and Motivations in Natural Science Inquiry Activities. 
Educational Technology & Society, 17(4), 352–365. 

Churchill, D., & Wang, T. (2014). Teacher’s use of iPads in higher education. Educational Media 
International, 51(3), 214–225. http://doi.org/10.1080/09523987.2014.968444 

Cohen, L., Manion, L., & Morrison, K. (2013). Research methods in education. Routledge. 

Crandall, P. G., Engler, R. K., Beck, D. E., Killian, S. A., O’Bryan, C. A., Jarvis, N., & Clausen, E. (2015). 
Development of an augmented reality game to teach abstract concepts in food chemistry. Journal of 
Food Science Education, 14(1), 18–23. 

Di Serio, Á., Ibáñez, M. B., & Kloos, C. D. (2013). Impact of an augmented reality system on students’ 
motivation for a visual art course. Computers & Education, 68, 586–596. 
http://doi.org/10.1016/j.compedu.2012.03.002 

Dunleavy, M., Dede, C., & Mitchell, R. (2009). Affordances and limitations of immersive participatory 
augmented reality simulations for teaching and learning. Journal of Science Education and 
Technology, 18(1), 7–22. http://doi.org/10.1007/s10956-008-9119-1 

Echeverría, A., Améstica, M., Gil, F., Nussbaum, M., Barrios, E., & Leclerc, S. (2012). Exploring different 
technological platforms for supporting co-located collaborative games in the classroom. Computers 
in Human Behavior, 28(4), 1170–1177. http://doi.org/10.1016/j.chb.2012.01.027 

Enyedy, N., Danish, J. A., Delacruz, G., & Kumar, M. (2012). Learning physics through play in an augmented 
reality environment. International Journal of Computer-Supported Collaborative Learning, 7(3), 347–
378. 

Estapa, A., & Nadolny, L. (2015). The Effect of an Augmented Reality Enhanced Mathematics Lesson on 
Student Achievement and Motivation. Journal of STEM Education: Innovations and Research, 16(3), 
40. 

Ferrer-Torregrosa, J., Torralba, J., Jimenez, M. A., Garc’ia, S., & Barcia, J. M. (2014). ARBOOK: Development 
and assessment of a tool based on augmented reality for anatomy. Journal of Science Education and 
Technology, 24(1), 119–124. http://doi.org/10.1007/s10956-014-9526-4 

  www.mojet.net 

 

71



 Malaysian Online Journal of Educational Technology 2018 (Volume 6  - Issue 2 ) 

 
Fleck, S., Hachet, M., & Bastien, C. (2015). Marker-based augmented reality: Instructional-design to improve 

children interactions with astronomical concepts. In Interaction Design and Children. 

Furió, D., González-Gancedo, S., Juan, M.-C., Seguí, I., & Costa, M. (2013). The effects of the size and weight 
of a mobile device on an educational game. Computers & Education, 64, 24–41. 

Gavish, N., Gutiérrez, T., Webel, S., Rodriguez, J., Peveri, M., Bockholt, U., & Tecchia, F. (2015). Evaluating 
virtual reality and augmented reality training for industrial maintenance and assembly tasks. 
Interactive Learning Environments, 23(6), 778–798. 

Göktaş, Y., Küçük, S., Aydemir, M., Telli, E., Arpacık, Ö., Yıldırım, G., & Reisoğlu, İ. (2012). Educational 
technology research trends in Turkey: A content analysis of the 2000-2009 decade. Educational 
Sciences: Theory & Practice, 12(1), 191–196. 

Han, J., Jo, M., Hyun, E., & So, H. (2015). Examining young childrens perception toward augmented reality-
infused dramatic play. Educational Technology Research and Development, 63(3), 455–474. 

Ho, P.-C., Chung, S.-M., & Lin, Y.-H. (2012). Influences on children’s visual cognition capabilities through 
playing intelligent matrix developed by the augmented virtual reality technology. International 
Journal of Humanities and Arts Computing, 6(1–2), 160–171. 

Hsiao, K.-F., Chen, N.-S., & Huang, S.-Y. (2012). Learning while exercising for science education in augmented 
reality among adolescents. Interactive Learning Environments, 20(4), 331–349. 

Huang, Y., Li, H., & Fong, R. (2016). Using augmented reality in early art education: A case study in Hong 
Kong kindergarten. Early Child Development and Care, 186(6), 879–894. 

Hwang, G.-J., Wu, P.-H., Chen, C.-C., & Tu, N.-T. (2016). Effects of an augmented reality-based educational 
game on students’ learning achievements and attitudes in real-world observations. Interactive 
Learning Environments, 24(8), 1895–1906. 

Ibáñez, M. B., Di Serio, A., Villarán, D., & Kloos, C. D. (2014). Experimenting with electromagnetism using 
augmented reality: Impact on flow student experience and educational effectiveness. Computers & 
Education, 71, 1–13. 

ITU. (2016). ICT facts and figures 2016. Retrieved from http://www.itu.int/en/ITU-
D/Statistics/Documents/facts/ICTFactsFigures2016.pdf 

Johnson, L., Adams, S., & Cummins, M. (2012). The NMC Horizon Report: 2012 Higher Education Edition. 
Austin, Texas: The New Media Consortium. 

Johnson, L., Adams Becker, S., Cummins, M., Estrada, V., Freeman, A., & Hall, C. (2016). NMC Horizon 
Report: 2016 Higher Education Edition. Austin, Texas: The New Media Consortium. 

Kamarainen, A. M., Metcalf, S., Grotzer, T., Browne, A., Mazzuca, D., Tutwiler, M. S., & Dede, C. (2013). 
EcoMOBILE: Integrating augmented reality and probeware with environmental education field trips. 
Computers & Education, 68, 545–556. http://doi.org/10.1016/j.compedu.2013.02.018 

Karal, H., & Abdüsselam, M. S. (2015). Artırılmış gerçeklik. In B. Akkoyunlu, A. İşman, & F. Odabaşı (Eds.), 
Eğitim Teknolojileri Okumaları 2015 (pp. 149–176). Ankara. 

Kerawalla, L., Luckin, R., Seljeflot, S., & Woolard, A. (2006). Making it real: exploring the potential of 
augmented reality for teaching primary school science. Virtual Reality, 10(3–4), 163–174. 

Kucuk, S., Aydemir, M., Yildirim, G., Arpacik, O., & Goktas, Y. (2013). Educational technology research trends 
in Turkey from 1990 to 2011. Computers & Education, 68, 42–50. 
http://doi.org/10.1016/j.compedu.2013.04.016 

  www.mojet.net 

 

72



 Malaysian Online Journal of Educational Technology 2018 (Volume 6  - Issue 2 ) 

 
Küçük, S., Kapakin, S., & Göktaş, Y. (2016). Learning anatomy via mobile augmented reality: Effects on 

achievement and cognitive load. Anatomical Sciences Education. 

Lin, H.-C. K., Chen, M.-C., & Chang, C.-K. (2015). Assessing the effectiveness of learning solid geometry by 
using an augmented reality-assisted learning system. Interactive Learning Environments, 23(6), 799–
810. 

Lin, T.-J., Duh, H. B.-L., Li, N., Wang, H.-Y., & Tsai, C.-C. (2013). An investigation of learners’ collaborative 
knowledge construction performances and behavior patterns in an augmented reality simulation 
system. Computers & Education, 68, 314–321. 

Liu, P.-H. E., & Tsai, M.-K. (2013). Using augmented-reality-based mobile learning material in EFL English 
composition: An exploratory case study. British Journal of Educational Technology, 44(1), E1--E4. 

Lu, S.-J., & Liu, Y.-C. (2015). Integrating augmented reality technology to enhance childrens learning in 
marine education. Environmental Education Research, 21(4), 525–541. 

Martín-Gutiérrez, J., Fabiani, P., Benesova, W., Meneses, M. D., & Mora, C. E. (2015). Augmented reality to 
promote collaborative and autonomous learning in higher education. Computers in Human Behavior, 
51, 752–761. 

Martin, S., Diaz, G., Sancristobal, E., Gil, R., Castro, M., & Peire, J. (2011). New technology trends in 
education: Seven years of forecasts and convergence. Computers & Education, 57(3), 1893–1906. 
http://doi.org/10.1016/j.compedu.2011.04.003 

Milgram, P., & Kishino, F. (1994). A taxonomy of mixed reality visual displays. IEICE TRANSACTIONS on 
Information and Systems, 77(12), 1321–1329. 

Muñoz-Cristóbal, J. A., P., L. P., A.-P., J. I., Martínez-Monés, A., Jorrín-Abellán, & I. M., & Dimitriadis, Y. 
(2014). Deploying learning designs across physical and web spaces: Making pervasive learning 
affordable for teachers. Pervasive and Mobile Computing, 14, 31–46. 

Pejoska, J., Bauters, M., Purma, J., & Leinonen, T. (2016). Social augmented reality: Enhancing context-
dependent communication and informal learning at work. British Journal of Educational Technology, 
47(3), 474–483. 

Perez-Lopez, D., & Contero, M. (2013). Delivering educational multimedia contents through an augmented 
reality application: A case study on its impact on knowledge acquisition and retention. Turkish Online 
Journal of Educational Technology - TOJET, 12(4), 19–28. Retrieved from 
http://eric.ed.gov/?id=EJ1018026 

Piaget, J. (1976). Piaget’s theory. Springer Berlin Heidelberg. 

Pimmer, C., Mateescu, M., & Gröhbiel, U. (2016). Mobile and ubiquitous learning in higher education 
settings. A systematic review of empirical studies. Computers in Human Behavior, 63, 490–501. 
http://doi.org/10.1016/j.chb.2016.05.057 

Radu, I. (2014). Augmented reality in education: a meta-review and cross-media analysis. Personal and 
Ubiquitous Computing, 18(6), 1533–1543. http://doi.org/10.1007/s00779-013-0747-y 

Ross, S. M., Morrison, G. R., & Lowther, D. L. (2010). Educational technology research past and present: 
Balancing rigor and relevance to impact school learning. Contemporary Educational Technology, 1(1), 
17–35. 

Sayed, N. A. M. El, Zayed, H. H., & Sharawy, M. I. (2011). ARSC: augmented reality student card--an 
augmented reality solution for the education field. Computers & Education, 56(4), 1045–1061. 

  www.mojet.net 

 

73



 Malaysian Online Journal of Educational Technology 2018 (Volume 6  - Issue 2 ) 

 
Sırakaya, M. (2016). Use of augmented reality in applied training: Motherboard assembly.  Journal of 

Kırşehir Education Faculty, 17(3), 301–316. 

Solak, E., & Cakir, R. (2015). Exploring the Effect of Materials Designed with Augmented Reality on Language 
Learners’ Vocabulary Learning. Journal of Educators Online, 12(2), 50–72. 

Tanner, P., Karas, C., & Schofield, D. (2014). Augmenting a childrens’ reality: using educational tablet 
technology. J. Inf. Technol. Educ. Innovations Pract.(JITE), 13, 45–54. 

Thornton, T., Ernst, J. V, & Clark, A. C. (2012). Augmented reality as a visual and spatial learning tool in 
technology education. Technology and Engineering Teacher, 71(8), 18–21. 

Vilkoniene, M. (2009). Influence of augmented reality technology upon pupils’ knowledge about human 
digestive system: The results of the experiment. Online Submission, 6(1), 36–43. 

Wang, H.-Y., Duh, H. B.-L., Li, N., Lin, T.-J., & Tsai, C.-C. (2014). An investigation of university students’ 
collaborative inquiry learning behaviors in an augmented reality simulation and a traditional 
simulation. Journal of Science Education and Technology, 23(5), 682–691. 

Westerfield, G., Mitrovic, A., & Billinghurst, M. (2015). Intelligent Augmented Reality Training for 
Motherboard Assembly. Int J Artif Intell Educ, (25), 157–172. 

Wu, H.-K., Lee, S. W.-Y., Chang, H.-Y., & Liang, J.-C. (2013). Current status, opportunities and challenges of 
augmented reality in education. Computers & Education, 62, 41–49. 
http://doi.org/http://dx.doi.org/10.1016/j.compedu.2012.10.024 

Yen, J.-C., Tsai, C.-H., & Wu, M. (2013). Augmented reality in the higher education: Students’ science 
concept learning and academic achievement in astronomy. Procedia - Social and Behavioral Sciences, 
103, 165–173. http://doi.org/10.1016/j.sbspro.2013.10.322 

Yilmaz, R. M. (2016). Educational magic toys developed with augmented reality technology for early 
childhood education. Computers in Human Behavior, 54, 240–248. 
http://doi.org/10.1016/j.chb.2015.07.040 

Yoon, S., Elinich, K., Wang, J., Steinmeier, C., & Tucker, S. (2012). Using augmented reality and knowledge-
building scaffolds to improve learning in a science museum. International Journal of Computer-
Supported Collaborative Learning, 7(4), 519–541. 

Zhang, J., Sung, Y.-T., Hou, H.-T., & Chang, K.-E. (2014). The development and evaluation of an augmented 
reality-based armillary sphere for astronomical observation instruction. Computers & Education, 73, 
178–188. http://doi.org/10.1016/j.compedu.2014.01.003 

 

 

 

  www.mojet.net 

 

74




