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ABSTRACT

Keywords:

The purpose of this study is to determine the effect of augmented reality (AR) applications on academic
success through meta-analytic and thematic analysis. 51 items from 45 studies conducted between 2013
and 2019 were examined in different databases on the effect size of AR in relation on academic success,
education level, and duration of the application. The effect size was found to exist at a medium level,
considered to be significant which means that AR has positive effect on academic success. In terms of
thematic analysis, with reference to common codes and themes found in qualitative studies conducted
both nationally and internationally, qualitative findings were obtained. An emphasis on the effect of AR
on learning, class environment and affective dimensions was made, together with a consideration of
some limitations. It was stated that learning environments could be arranged in such a way that students
could be motivated through the use of AR, leading to permanent and solid learning. Therefore, careful
and planned use of AR can be said to encourage success.
Augmented reality, Academic success, Meta-analysis, Thematic analysis.

Artırılmış gerçeklik uygulamaları: Bir meta-analiz ve tematik analiz

ÖZ

Anahtar
Kelimeler:

Citation:

Bu araştırmanın amacı artırılmış gerçeklik uygulamalarının akademik başarıya etkisini meta-analitik ve
meta-tematik yöntemlerle belirlemektir. Bu bağlamda, artırılmış gerçeklik ile ilgili 2013-2019 yılları
arasında yapılmış ve çeşitli veri tabanlarından tarama sonucunda ulaşılan 45 çalışmadaki 51 verinin
başarı üzerindeki etki büyüklüğü ile öğretim kademesi ve uygulama süresi bağlamında da incelenmiştir.
Etki büyüklüğü orta düzeyde bulunarak anlamlı ve etkili bulunmuştur. Bu bulgu artırılmış gerçekliğin
akademik başarı üzerindeki etkisinin olumlu yönde etkili olduğunu göstermektedir. Diğer yandan
araştırmanın meta-tematik analizi için yine ulusal ve uluslararası alanda, nitel yönlü çalışmaların ortak
kod ve temalarından alıntılar yapılarak nitel bulgulara ulaşılmıştır. Artırılmış gerçekliğin öğrenme/sınıf
ortamına, duyuşsal boyuta etkisi ile birtakım sınırlılıkların olduğu vurgulanmıştır. Öğrenme ortamlarının
artırılmış gerçeklik ile motive eden, kalıcılık sağlayan şekilde düzenlenebileceği, somut öğrenmelerin
gerçekleşebileceği ifade edilmiştir. Bu nedenle dikkatli ve planlı artırılmış gerçeklik kullanımının,
beraberinde başarıyı getirebileceği belirtilebilir.
Artırılmış gerçeklik, Akademik başarı, Meta-analitik analiz, Tematik analiz.
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INTRODUCTION

The recent developments in information and communication technologies and the changes in student
profiles have brought about the utilization of appropriate settings and technologies that diversify,
support and enhance education. One of the newest technologies that has the potential to bring together
the real and virtual world and which can be used for many fields as medical education (Barsom,
Graafland & Schijven, 2016) or educational purposes both inside and outside the classroom is
“Augmented Reality”. AR technology, which is likely to be used actively in the future and which offers
rich learning settings (Alcañiz, Contero, Perez-Lopez & Ortega, 2010), is one the applications that has
the potential to provide pedagogical value and introduce new methods in the field of education.
AR can be defined as a technology by which real world settings and virtual objects come together
simultaneously in an interactive learning environment (Azuma, 1997; Chen & Wang, 2015;
Sommerauer & Müller, 2014) and can be accessed by the user. AR can be briefly identified as real
settings (Somyürek, 2014) that are enriched with virtual objects or the enhancement of an individual's
perception of reality (Graham, Zook & Boulton, 2013) through the use of technology. In other words,
AR offers multi-media content by simultaneously adding a digital layer such as audio, text, graphics,
video, GPS location information, and 3D models onto real world images. As such, the most important
property of AR is that of enhancing and augmenting reality by providing information which cannot be
perceived by humans under normal conditions (Azuma, 1999). Thus, individuals using AR technology
can see, hear, feel, smell, and even taste virtual experiences in the real world (Van Krevelen & Poelman,
2010). Thus, when properly integrated into educational environments, AR is considered to support
authentic learning and constructivist learning approaches. Though it has been described differently by
various researchers, in order for an application to be considered to be AR, it needs to have certain
characteristics. AR has three essential properties: (i) combining virtual and real objects in real settings,
(ii) working real time interactively, and (iii) aligning real and virtual objects (Azuma, 1997). At this
point, AR can be considered as a visualization technique in which the real and virtual objects interact
collaboratively. This interaction occurs with the integration of virtual concepts and objects into real
world setting.
AR provides the users with the opportunity to simultaneously see a real setting together with virtual
objects added to this setting. It is a technology which has been used in recent years in every field where
human life is involved. In addition to being used for military purposes, AR is utilized actively in such
diverse fields as industry, engineering (Liu, Cao, Tse & Xu, 2017), aviation, entertainment, tourism and
medicine (Cardos, David & David, 2017). One can also observe its active application in various
disciplines in education in sciences such as physics, chemistry, and biology, in social sciences such as
history and health sciences, and in mathematics and language education. Consequently, AR, a new
generation of technology with its range of unique features, has drawn the attention of researchers in a
short time in terms of its application in education ranging from primary school to university use. The
most prominent of these features supporting many pedagogical approaches include authentic learning
in educational environments (Wu, Hwang, Yang & Chen, 2013; Yuen, Yaoyuneyong & Johnson, 2011),
situational learning (Chen & Tsai, 2012; Dunleavy, Dede & Mitchell, 2009; Taşkıran, Koral & Bozkurt,
2015; Wojciechowski & Cellary, 2013; Wu et al., 2013), problem-based learning (Dunleavy et al.,
2009), structural learning (Delello, 2014; Kerawalla, Luckin, Seljeflot & Woolard, 2006), offering the
opportunity to learn by doing and experiencing (Dunleavy et al., 2009; Dunleavy & Dede, 2014; Ersoy,
Duman & Öncü, 2016; Taşkıran et al., 2015; Wojciechowski & Cellary, 2013), being student-centered
(Delello, 2014), and supporting learning by questioning (Fleck, Simon & Christian Bastien, 2014;
Wojciechowski & Cellary, 2013). The utilization of AR is considered beneficial due to the advantages
it offers such as making complicated information understandable through the use of visualization (İbili
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& Şahin, 2013), teaching subjects which cannot be observed directly (Wu et al., 2013), the consideration
of expensive and dangerous situations safely and at low cost (Walczak, Wojciechowski & Cellary,
2006), and making abstract concepts concrete (Lee, 2012; Wu et al., 2013). Furthermore, AR technology
offers flexible opportunities for students to learn anytime and anywhere (Kamphuis, Barsom, Schijven
& Christoph, 2014; Schrier, 2006), and creates a comprehensive and critical learning environment
through creative thinking, critical thinking, problem-solving, and developing communicative skills via
practices based on mutual cooperation (Ivanova & Ivanov, 2011; Schrier, 2006). In addition, in some
studies it is stated that the ability to combine physical and virtual worlds simultaneously can contribute
to children’s social skills and academic development (Serino, Cordrey, McLaughlin & Milanaik, 2016).
Furthermore, it leads to deeper learning by providing three dimensional images of objects allowing
consideration from different locations and angles, improves students' spatial skills, and helps them
acquire practical application skills (Cheng & Tsai, 2013; Radu, 2014; Yen, Tsai & Wang, 2012). Thus,
such potentials of AR technology in education have caused the number of research efforts to increase,
leading to its more active use in recent years.
On the other hand, some studies point to some of the challenges and limitations of AR in addition to the
many educational opportunities. In the literature it has been stated that the application is limited due to
the difficulty of developing content and to the limited access to digital settings and hardware resources
during content development (Azuma, 1997; Küçük, 2015). In addition to these limitations, other
shortcomings of AR relate to the hardware and technical problems experienced during the application
(Akbaş & Güngör, 2017; Rabbi & Ullah, 2013; Van Kreveleen & Poelman, 2010; Wu et al., 2013), the
individual's lack of knowledge about the device and application (Akkuş, 2016; Lin, Hsieh, Wang, Sie
& Chang, 2011; Taşkıran et al., 2015), and the lack of technological material, high cost of software and
wearable technologies (Billinghurst & Dunser, 2012; Özarslan, 2013). Additionally, problems that
hamper students' socialization and communication processes (Radu, 2014; Yılmaz & Batdı, 2016), and
some educational problems experienced during learning such as the increase in cognitive load in
multiple and complicated tasks (Cheng & Tsai, 2013; Dunleavy & Dede, 2014), can be listed as the
negative features of AR. Teachers and learners who believe that they will have difficulty in overcoming
such limitations may be unwilling to enter the AR environment (Yuen et al., 2011). To this end, such
negative features must be identified and eliminated and steps should be taken to overcome them. In
addition, applications need to be pretested in order to make effective use of AR technology. Otherwise,
any deficiencies experienced during application have the potential to cause significant setbacks as they
will make perceptions of the practicality of AR technologies difficult to overcome. Also, to succeed
with the use of AR, materials must be designed appropriately and solidly in accordance with the
principles of learning and teaching.
The Purpose and Significance of the Study
For the integration of new technologies and education, and in order to ensure their effective use in
educational settings, mobile applications that do not lose educational focus, do not prevent students'
interaction with printed books, allow more collaborative and mutual interaction opportunities for
students, and have video and player features, are essential. In this context, AR applications seem to be
practical on smart phones, and on mobile devices such as tablets and computers. Considering the
capability of AR applications which enable many experiments and subjects that cannot be accomplished
in the classroom due to high cost, difficulty of being carried out in practice in the real world, and to be
used in combination through the interaction of printed materials and mobile devices, AR technology is
expected to contribute positively to effective education.
Comprehensive and detailed research into the efficiency of AR applications in educational settings, and
the difficulties and problems faced during application, needs to be done, and the results need to be
assessed. For this reason, a detailed analysis is necessary in order to determine the relationship between
AR and its success in all aspects, by examining the efficiency of AR in education comprehensively and
holistically. The data to be obtained from this research is believed to not only provide necessary
information to educators who wish to use AR technology, but also act as a guide to future studies.
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In this study, it is seen that AR is carried out in two dimensions as meta-analysis and meta-thematic
analysis. When the literature is reviewed, it has been found that there have been meta-analysis studies
conducted on AR (Akçayır, 2018; Radu, 2014; Tekedere & Göker, 2016). However, the fact that no
studies have been reached in which meta-analysis and meta-thematic dimension are used together
differentiate our current research from other studies and reveal the original aspect of the present research.
With the addition of the meta-thematic dimension to this research, it was ensured that the ideas with
common qualifications considering the effect of AR were gathered in the process.
On the other hand, in most of the meta-analytical studies related to AR in the literature, only the effect
of AR on academic success aspect was discussed, but other dimensions were not mentioned (Akkuş,
2016; Alcañiz et al. 2010; Radu, 2014). Whether the effect of AR on academic success changes
according to the education level and application duration or not can be seen after this moderator analysis.
It was tried to answer the question of “Does duration or education level have significance in AR
applications?”. Thus, in the present study, the effect of AR on academic success was analyzed by
moderator analysis and it was examined. In this sense, a more detailed and comprehensive analysis
shows that there is a different aspect from other studies.
The methodological process of this study, which was conducted to examine the AR applications with
meta-analytical and meta-thematic analysis, is similar to the study conducted by Batdı and Batdı (2015).
In this study, besides the academic success, the subject area and the application periods have been
examined as moderator analysis. But in the present study, in addition to the application period, which
gives information on how long this application should be implemented to determine the effectiveness of
AR, it is also taken into consideration that which education levels can be better integrated to AR process
and more efficient results can be created. Although this situation is similar in terms of methodological
process, it can be considered to be different in terms of content and subject.
Within this context, the primary purpose of this research is to holistically study the research conducted
on the use of AR in education. Thus, a meta-analysis of the research which has examined the effect of
AR on academic success is aimed for. In line with this primary aim, answers to the following research
questions were sought:
What is the distribution of the descriptive statistics in the research revealed by the meta-analysis?
What is the general level of the effect size of AR on academic success?
With regard to the education level, what is the effect size of AR on academic success at various levels?
From the perspective of application duration, what is the effect size of the duration of the use of AR on
academic success?
To what extent does the thematic examination of documents reveal the effectiveness of AR?

METHODOLOGY

The Pattern of the Research
In this study, meta-analytic and thematic analyses were performed in order to determine the effect of
AR applications on academic success. The fact that the research has two dimensions involving both
qualitative and quantitative features is believed to contribute to the reliability and validity of the results
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of the research. As such, the meta-analysis method was primarily employed in the research to determine
the effectiveness of AR applications. The meta-analysis method, also referred to as the synthesis of
qualitative research, enables us to combine all research involving similar subjects and different sample
quantities related to AR into a research on the effect size. Cohen's d is a sample-based index which
consists of standardized differences between the means of an experimental group and a control group in
a way that cannot be achieved by test statistics. Some changes made by Hedges and Olkins (1985) reduce
the biases resulting from different sample quantities associated with different research efforts. Thus,
meta-analysis is defined as an approach which aims to estimate how different the practices in one
research effort are compared with others, through a wide range of similar research efforts and related
differences. Another advantage of meta-analysis is that it makes moderator changes by examining
detailed relationships that may be found in the data (Bernard et al., 2004). Although there are many
methods of reviewing the literature, the main difference between meta-analysis and other methods of
literature reviewing is that it is based on statistical techniques and quantitative data. In addition, the
second dimension of the research relates to the context of qualitative meta-thematic analysis. Metathematic analysis can be explained as a qualitative method on a certain topic in the literature involving
a combination of the results of selected studies in terms of certain criteria (Batdı, 2017). As a result of
the researches that have been carried out at this point in time, some international studies which have
been conducted similarly to meta-thematic analysis and which are described as meta-synthesis (Erwin,
Brotherson & Summers, 2011), systematic review (Philips, Lee, Ghobadian, O’Regan & James, 2015)
or thematic meta-analysis (Lehner & Kaniskas, 2012), have been accessed. However, the difference
between the contents of these research efforts in terms of meta-thematic analysis process, form of code
and theme, the way the data was used, and the current research, all point to the distinctive characteristic
of our research results compared to the results of other researchers.
Data Collection Process and Analysis of Data
In the data collection process, databases and search criteria were determined to access and examine
studies related to AR, primarily in the academic success dimension. In this context, the databases of
Web of Science, ERIC (EBSCO), Science Direct, Wiley Online Library Full Collection, Springer LINK,
Scopus (A&I), Taylor & Francis Online, ProQuest and the Higher Education Council (YÖK) National
Thesis Center were searched. As a keyword in the scanning process, concepts such as “augmented
reality” and “augmenting reality” were used, and studies in Turkish and English were selected. The
publication years of the studies were determined to be 2013-2019. The reason for preferring the year of
2013 is that after the year of 2013, AR has begun to be used more widely in daily life for due to the
invention of Google glass (Rauh, Zsebedits, Tamplon, Bolch & Meixner, 2015). It was also aimed to
access to the latest research in the literature. The data obtained during the data collection process were
given in accordance with the Prisma flow diagram in shown in Figure 1 (Moher, Liberati, Tetzlaff,
Altman & Prisma Group, 2009).
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Figure 1. Flow Chart for Selection of Works (Flow Diagram)

At the end of the data collection process, 18 (40%) theses and 27 (60%) articles which amounted to a
total of 45 studies that met the criteria for meta-analysis and included enough information necessary for
determining the quantitative effect were analyzed for the effect size. In some studies, included in metaanalysis, the results of these applications were evaluated separately because the effect of AR on
academic success was assessed differently for different sample groups. The study included 51 items
from 45 studies. A total of 791 studies were eliminated as a by the scanning process due to duplication,
being irrelevant, and not meeting inclusion criteria. In the selection of studies included in the metaanalysis, criteria with regard to the descriptive data necessary for the calculation of impact sizes on
academic success were taken into account.
In the meta-analysis study, CMA and MetaWin software were used for calculation and graphical
operation purposes. In addition, the Thalheimer and Cook (2002) classification was used to interpret the
effect size values. In the meta-analysis dimension of the study, the reliability of the inter-rating was
aimed to calculate. For this reliability, except from the researcher of the study, another rater who has
experiences in meta-analysis and works at a university as an academician examined all the studies
independently. Finally, both raters discussed inconsistencies and after reaching a consensus, the
reliability was tested via the interrater reliability formula (Miles & Huberman, 1994). The value was
found to be as 100% which means that the studies were included and analyzed reliably.
In order to contribute to the internal validity of the study, thematic analyses were conducted by scanning
qualitative studies. In this context, qualitative studies in the literature relating to AR were reviewed, and
19 studies were accessed as a result. The qualitative data of the research were analyzed by a content
analysis method involving the use of the MAXQDA qualitative data analysis program. Content analysis
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is the making of cognitive schemas meaningful for the reader through the use of textual analysis. In
addition, content analysis is based on the understanding that word groups reveal themes, and that the
keywords come together and reflect the relationship between the basic concepts (Weber, 1990). Content
analysis methods in which qualitative data are examined in detail was explained by Yıldırım and Şimşek
(2013) as the data collected in the research in order to identify concepts and relationships. In this context,
in the current research, databases such as Web of Science, ERIC (EBSCO), Science Direct, Wiley
Online Library Full Collection, Springer LINK, Scopus (A & I), Taylor & Francis Online, ProQuest and
the Higher Education Council (YÖK) National Thesis Center were searched, the results of the accessed
studies were examined, and the common expressions and themes cited were re-created into themes and
codes. The expressions in the studies where the related themes and codes were quoted were given in the
text in the current study to support the codes and themes. For example, 5-223 refers to the quotation
from page 224 of study number 5. Compliance values (Cohen Kappa) between the data encoders were
calculated to ensure the reliability of the meta-thematic process based on document analysis (Viera &
Garrett, 2005). At this point, the compliance values calculated for each theme were also found in relation
to the limitations of AR (.792) and to its contribution to the affective dimension (.707), the learning
environment (.754) and the classroom environment (.863). These values being evaluated at a good / very
good level mean that the data coding of the research was done in a reliable way (Appendix 1).

RESULTS

In this section, firstly, the results of the meta-analysis findings and the descriptive statistics of the studies
included in the study are given. The calculated effect size values and changes in subcategory groups are
then examined. After the presentation of the meta-analytical findings, the results obtained by thematic
analysis related to the use of AR in education are included.
Descriptive Statistics of Studies
Descriptions examined in this research consist of education level, application period, type of publication,
study year, subject area and sample size. Table 1 shows descriptive statistics for these variables.
Table 1.
The Frequency and Percentage Values of the Studies
Options
f
%
Education Level
Primary School
11 24.4
Secondary School
14 31.1
High School
7
15.6
University
13 28.9
Duration of Application (Weeks)
1-4
17 37.8
5-6
5
11.1
7-8
3
6.7
9-18
4
8.9
Other
3
6.7
Unspecified
13 28.9
Publication Type
Articles
28 62.2
Master's Thesis
9
20.0
Doctoral Thesis
8
17.8

Options
Year
2013/2014
2015/2016
2017/2018
2019
Subject Area
Science
Maths
Social Sciences
Foreign Language
Computer
Other
Sample Size
Small Sample (n≤50)
Medium Sample (51≤n≤100)
Large Sample (n≥101)

f

%

5/8
7/9
5/9
2

11.1/17.8
15.6/20.0
11.1/20.0
4.4

26
3
2
6
5
3

57.8
6.7
4.4
13.3
11.1
6.7

13
23
9

28.9
51.1
20
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Table 1 shows that the majority of the 45 studies included in the meta-analysis related to secondary
school (31.1%) and university (28.9%), while the least number of studies (15.6%) related to high
schools. It was observed that the studies were concentrated in the period 2014-2018. An examination of
the application period showed that the studies most commonly involved a period of 1 to 4 weeks
(37.8%). When the sample size was examined, 13 (28.9%) studies were conducted with small samples
while 9 (20%) were with large samples. Finally, most studies were conducted in the field of Science
with 26 (26.8%) studies while the fewest studies were conducted in Social Sciences (4.4%).
Findings of Academic Success Studies Related to Impact Size
Table 2 presents the mean effect size values of the studies included in the analysis. In this context, Table
2 shows that the Q-statistical value (404.324) was larger than the critical value (90.531). Therefore, it
can be stated that the distribution was heterogeneous. Due to the heterogeneity of the distribution, in the
calculation made using Random Effects Model (REM), the standard error was 0.091 and the upper limit
of the 95% reliability interval was 0.748. The lower limit was 0.389, and the effect size value (ES) was
found to be equal to 0.569.
Table 2.
The Results of Studies’ Effect Size Based on SEM and REM
Model Type

n

Z

p

Q

df

ES

SE

SEM
REM

51
51

20.154
6.219

0.000
0.000

404.324
68.511

50
50

0.633
0.569

0.031
0.091

% 95 Confidence Interval
Lower Limit Upper Limit
0.571
0.694
0.389
0.748

As can be seen from Table 2, ES = 0.569 was evaluated according to the classification of effect size
using the Thalheimer and Cook (2002) classification, and a medium effect size was found (0.40 - 0.75).
Therefore, it was found that AR had a positive and moderate effect on academic success. Related to this,
the effect size distribution graph of the studies included in the meta-analysis studies is given in Figure
2.

Figure 2. Normal Distribution Graph of Effect Sizes

In Figure 2, when the distribution of the effect sizes of the studies was considered, it can be seen that
the distribution of the points was between two lines, and did not exceed the specified limits. Therefore,
it can be stated that the distribution was in a reliable range, and therefore there is a statisticallysignificant relationship between studies. In this context, in meta-analysis studies, whether or not the
effect size levels of the studies are within the scope of the analysis in terms of normal distribution, is
related to the fact that the distribution was between two lines (Rosenberg, Adams & Gurevitch, 2000).
Another aspect of the reliability in terms of meta-analysis studies is the degree of publication bias. The
inclusion of studies in a meta-analysis with only a significant difference in the literature may create
publication bias. This situation needs to be eliminated or minimized. At this point, a value known as the
fail-safe number (FSN) should be calculated (Rosenthal, 1979). For this study, an FSN value of 5993.4
was found for the effect of AR on academic success. It can be stated that if more studies with this value
are included in the analysis, the significant effect may fall to zero. When the FSN value was compared
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with the number of studies included in the analysis, the FSN value was found to be quite high and
unachievable. The interpretation of this finding reveals that publication bias has no impact on the
significant effect size in the meta-analysis procedures in this study (Cheung & Slavin, 2011). This result
shows that the analyses were reliable.
The Effect Sizes of Studies in Relation to Moderators
From the results of the study, it can be seen that the level and the duration of the studies included in the
analysis were different. For this reason, the aim was to examine whether or not the effect size values of
the studies varied according to the education level and the duration of application. Table 3 presents the
results of the moderator analysis according to the education level and the duration of the application
related to the academic success included in the meta-analysis.
Table 3.
The Effect Sizes of Studies on Different Dimensions in Relation to Academic Success
%95 Confidence Interval
Variables
N
ES
QB
Lower Limit Upper Limit
Primary School
11 0.342
0.006
0.678
15.069
Secondary School 15 1.049
0.781
1.318
Education
High School
12 0.471
0.156
0.786
Level
University
13 0.283
-0.213
0.779
Sum
51 0.637
0.472
0.801
1-4
21 0.508
0.203
0.813
7.578
5-8
9 0.319
-0.137
0.775
9-18
4 1.189
0.686
1.692
Duration of
Application
Unspecified
14 0.568
0.285
0.850
Other
3 0.772
0.276
1.268
Sum
51 0.608
0.441
0.774

Z

df

p

7.584

3

0.002

7.157

4

0.108

According to Table 3, when the homogeneity test between groups in terms of education level was
examined, QB= 15.069 was found. In the χ2 table, χ2 was found to be 7.815 (χ2(0.95)=7815) at the level
of 95% significance and 3 degrees of freedom. As the QB statistical value (QB= 15.069) was bigger
than the critical value of the χ2 distribution with 3 degrees of freedom (χ2(0.95)=7.815, it can be said
that the distribution was heterogeneous. Accordingly, it can be stated that the overall effect size of the
education levels (ES = 0.637) was moderate according to the classification proposed by Thalheimer and
Cook (2002). Based on these results, it can be said that since the application of AR has a positive effect
on academic success and involves significant differences (p=0.002), academic success varies depending
on the education level under consideration.
Following the examination of the studies in terms of duration of application times, QB= 7.578 was
found. The χ2 value was found to be χ2 = 9.488 with 4 degrees of freedom at a 95% significance level
in table χ2. Therefore, it is understood that the QB statistical value is smaller than χ2. Consequently, the
distribution of effect sizes was homogeneous, and the effect of AR on academic success does not change
depending on the duration of use of the application (p=0.108). Consequently, it can be said that the level
of academic success is independent of the duration of use of the applications in the courses in which AR
is used. On the other hand, the overall effect size value is ES = 0.608, indicating a moderate effect
according to Thalheimer and Cook (2002). This finding may be interpreted as AR affecting academic
success positively at a moderate level with regard to the length of use of the application.

Findings about the Effectiveness of AR in terms of Thematic Examination
In this section of the study, the themes and codes that were obtained as a result of the meta-thematic
work are used to support the meta-analytic findings and to provide enriched data for the study. Direct
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citations within the text were employed to support the thematic data which were presented in various
forms and models. As a result of a detailed examination, thematic data were grouped under different
themes in four models. The models which refer to the contributions of AR applications to the affective
dimension and to the class environment, together with its limitations, are presented below.

Figure 3. The Contributions of AR Applications to the Affective Dimension

In Figure 3, some of the codes that are mentioned in the context of the contribution of AR applications
to the affective dimension can be summarized as changing the attitude positively, making lessons fun
and, increasing learning desire and level of success.
In the context of this theme, expressions cited from the study coded 5- p.223, “The use of AR application
in the course increased my willingness to learn. My interest in class has increased”; in the study coded
9-p.129 “I think it was more memorable and more fun. That's why I'm satisfied.”; and in the study coded
15-p.52 “Providing interactive and entertaining education...” were identified as reference sentences
and used in the formation of codes. The codes represent that learners take most advantage of AR
applications as they feel more enjoyable during the lessons which result in their high desire to take part
in the classes.
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Figure 4. Contributions of AR Applications to Learning Environment

When Figure 4 is examined, it is understood from codes related to the contribution of AR applications
to the learning environment in that making abstracts concrete, difficulties understandable, appealing to
all senses, supporting visual and that sort of things.
Some of the expressions referred to in the creation of related codes include the one cited from the study
coded 5-p.223 “...my interest in the lesson is increasing; the course is more fun and beautiful. I
understand the subject better and I'm starting to love science more... I think it is effective in raising my
exam grade in the science course.”; or the one cited from the study coded 9-p.127 “Increases
permanence. Supporting the course...”. Also in the study coded 15-p.51 sentences such as “It is very
important to have a source that appeals to all our senses in terms of effective learning and retention…”
can be identified as basic sentences when creating the codes. Thus, as an effective tool used in the
learning environment, AR is understood to relate learning process in such a way that it creates authentic,
real, active, perceptible and concrete environments.
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Figure 5. The Contributions of AR Applications to the Classroom Environment

Figure 5 shows the codes expressed in relation to the contributions of AR applications to the classroom
environment. Some of these codes can presented as changing complexities in intelligibility, allowing
experiments, offering a variety of activities, permanent and realistic learning, and a learning
environment by doing.
Expressions that may refer to these codes and cited from the study coded 14-p.111 can be identified as
“I learn better by doing activities in class. That's why it made me love science more. I liked it more
because it was based on practice. It made lessons more fun.” or cited from the study coded 5-p.231
“Thanks to the AR application, I took part in the science course more effectively, and I think my friends
are also very active in the course. Some students in the classroom often sleep in class. But even they
participated in the class. Doing the course with such interactive applications eliminated the boredom.”
The codes of the related theme seen in Figure 5 express the focus of digital information on classroom
environment. Participants’ interaction with the digital information and their knowledge acquisition via
AR is considered to be evidences of its effectiveness in the classroom.
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Figure 6. Limitations of AR Applications

When Figure 6 is examined, it can be seen that the limitations of the AR applications are also expressed.
Some of the prominent codes can be remarked as physical discomfort, low resolution, educators’
technology usage skills and technical deficiencies.
Related codes are formed based on the cited expressions such as “I had a painful and stiff neck once.
My arm was numb. Continuously looking at tablets is harmful to our eyes... When I use tablets, it causes
addiction; I always want to use it.” (5-p.232); “It's difficult to calibrate. When I keep the shape
perpendicular to the screen, it gets out of the angle of the camera and disappears. There is also a
problem in the symmetry and it is a problem in the application.” (11-p.71). Under the theme stated as
limitations of AR, it is seen that there are some negative effects of AR on health, social and academic
life etc. But if it is used in a more careful and planned way, there will be no problem in fact.

DISCUSSION and CONCLUSION

In this research, meta-analytic and thematic evaluations were made about the use of AR in educational
environments which has the potential to bring the real world and the virtual world together. In this
context, firstly, the data from the studies that were conducted in 2013-2019 and included in the metaanalysis were examined, and the studies were found to be generally conducted at the secondary and
university levels in the form of article publications, and in the field of science. On the other hand, it was
noted that the studies were mainly focused on the period between 2014 and 2018 inclusive, and were of
1 to 4 weeks duration, and were was conducted in terms of medium sized samples. On the other hand,
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as a result of the analysis done according to REM, it was determined that AR had a significantly
moderate positive effect (ES=0.569) on academic success. In the studies conducted on the subject, AR
applications have a positive impact on academic success and thus support the current research (Akçayır,
2018; Yılmaz & Batdı, 2016). The reasons why AR positively affects academic success can be stated as
follows: it helps students better understand the subject by providing rich content, better retention and
increased permanence in the long term memory. In addition, it develops students' motor skills, and
improves the degree of cooperation among students (Radu, 2014). In addition, among the reasons for
the increase in success through the use of AR applications is that they can also facilitate students'
learning by increasing their motivation (Demirel, 2017), concretizing the subjects under consideration,
eliminating misconceptions and providing permanence (Cai, Chiang & Wang, 2013; Sırakaya, 2015).
The related expressions above support the present result of the research.
To complete the meta-analysis results of the study, a thematic analysis was made, and various themes
and codes related to the effects of AR on certain dimensions were formed. In terms of its contributions
to the affective dimension, it was found that AR applications help associate the issues being considered
in the classroom with real life situations, leading to an increase in motivation and a corresponding
positive change in attitude towards the course and technology. The similar results can be found in the
studies conducted in both national and international area (Delello, 2014; İbili & Şahin, 2013; Kerawalla
et al., 2006; Taşkıran et al., 2015; Yen et al., 2012). In addition, it was determined that AR applications
made the students actively participate in the process by making the course interesting and different, by
increasing their curiosity, and by making the learning process fun, active and effective. When the
literature was reviewed it was reported in many studies that AR has many effects on students’ active
behaviors and positive attitudes toward lessons (Ibáñez, Di-Serio, Villaran-Molina & Delgado-Kloos,
2016; Sırakaya, 2015). Moreover, it was concluded that AR can create an enjoyable atmosphere which
makes learners relaxed and ready for the lesson. Moreover, it was stated that the educational and mental
facilitation offered by AR increased the interest in the course and made the course popular by preventing
boredom (Erbas & Demirer, 2019; Fidan, 2018). These citations also can support the present study.
In terms of its contributions to the learning environment, it was understood that AR concretized the
subject and made complicated issues more comprehensible through visualization of the invisible, and
by providing abstract structures in three dimensions. The similar results were concluded in other studies
also. They mentioned that AR makes subjects easy to learn and understand (Lee, 2012; Somyürek, 2014;
Walczak et al., 2006; Wu et al., 2013). Moreover, AR facilitated understanding and learning, provided
clear and detailed learning, provided for increased the understanding of difficult subjects, and offered
useful and effective learning opportunities. Finally, AR applications, which occupy an important place
in the active learning process, (Amo, Erkoyuncu, Roy, Palmarini & Onoufriou, 2018; Baysan, 2015;
Radu, 2014) offers more permanent learning by appealing to all the sense organs. This opportunity of
AR help students remembers the things easily.
The view that AR can positively contribute to the classroom environment through teaching nonobservable subjects, reducing the rate of error with the opportunity for repetition, and providing
innovative, realistic, collaborative and interactive environments, stands out in this study. In addition, it
is suggested as another advantage of the use of applications is that it offers a more active and colorful
learning environment which is far from monotonous, by providing opportunities to do a variety of
activities (Fidan, 2018). Furthermore, it helps students to undertake experiments that are not easy to do
in the real world, and assists educators to teach subjects that can be complicated and costly to explain,
and make them clearer (Baysan, 2015; Erbas & Demirer, 2019; Küçük, 2015). In addition, the AR
applications were recorded to encourage active learner engagement and enable educators to create
educational environments in which learners are at the center of the learning process and learn by doing
and experiencing. These contributions all affect the classroom atmosphere positively and create an
interactive learning environment.
In addition to the contributions of AR applications to education and other fields, their limitations should
also be noted. In particular, insufficient hardware, low internet speeds, late detection of the object on
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the application by the camera, and occasional freezing are some of the leading limitations associated
with the use of AR (Çömen, 2018; Küçük, 2015; Şentürk, 2018). In addition, when AR is used, some
technical problems may be experienced including problems caused by external factors such as ambient
light, poor output and image quality, or too much charge consumption (Akkuş, 2016; Çömen, 2018;
Şentürk, 2018). Another limitation observed in the study relates to webcam and monitor calibration
problems during the use of applications (Akkuş, 2016). In location-based mobile AR applications, GPS
detection problems and problematic use in enclosed settings (Pérez-Sanagustín, Hernández-Leo, Santos,
Kloos & Blat, 2014), and students' loss of focus on the subject due to not being used to coping with
education outside the classroom environment (Chiang, Yang & Hwang, 2014), could be observed.
Another result of this study is a lack of content in terms of AR applications, time-consuming content
development, and lack of comprehensibility and usability of content (Küçük, 2015). Educators and
learners who believe that they will have difficulty in overcoming such limitations may be unwilling to
enter the AR environment (Akkuş, 2016; Yuen et al., 2011). Therefore, it is necessary to eliminate these
negative aspects in order to effectively implement the use of AR in education. As stated before, AR
technology can create new opportunities in education to promote learning and create constructivist
learning environments (Huang, Chen & Chou, 2016). In this respect, it is of utmost importance that
students have access to technological tools and resources at the appropriate level. In addition, technical
problems during the use of applications must be eliminated, and for this purpose increased time and
more skilled labor is required. In order to avoid any problems during the use of applications, it is
recommended that usability tests be carried out and that necessary precautions are taken, such as
ensuring that lighting is sufficient in the environment in which AR applications are to be used. Finally,
it is recommended that students be provided with technical support before and during the use of the
application.
Limitations
For this research, some limitations can be noted. It included AR applications for academic success,
learning environment and affective dimensions. Some other variations like social and individual skills,
self/peer-assessment, motivation, etc. can be examined in detail. The included studies and inclusion
criteria can be expanded. In addition, in meta-analysis process, the number of moderators can be
increased.
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APPENDIX 1.
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TÜRKÇE GENİŞLETİLMİŞ ÖZET

Gerçek ve sanal dünyayı bir araya getirmenin yanı sıra etkileşimli ortamlardan oluşması özelliğiyle son
yıllarda eğitim araştırmacılarının dikkatini çeken artırılmış gerçeklik (AG), eğitim ortamlarında hızla
yer edinmeye başlamıştır. Özellikle akıllı telefon ve tablet bilgisayarlarda yaşanan hızlı gelişmeler AG
uygulamasını laboratuvar ortamından çıkarak akıllı cihazlarda çalışan ve ulaşılması kolay uygulamalara
dönüştürmüştür. AG uygulamasının gerçek dünyada ulaşılamayan, somutlaştırılamayan veya yüksek
maliyet nedeniyle gerçekleştirilemeyen birçok deneyi ve konuyu basılı kaynaklar ve mobil cihazlarla
etkileşimli olarak bir arada kullanmaya imkân veren yapısı göz önüne alındığında AG teknolojisinin
eğitimde etkili kullanımına katkı sağlayabileceği düşünülmektedir.
AG uygulamalarının eğitim ortamlarında etkililiği, uygulamanın avantajları, uygulama sırasında
karşılaşılan problemleri ve zorlukları inceleyen kapsamlı ve ayrıntılı araştırmaların yapılması ve
sonuçlarının değerlendirilmesi gerekmektedir. Bu nedenle AG’nin eğitim alanındaki etkililiğinin
kapsamlı ve bütüncül bir bakış açısıyla irdelenerek başarıyla olan ilişki düzeyinin her yönüyle ortaya
konulması için detaylı bir analize gerek duyulmuştur. Bu araştırmalardan elde edilecek veriler, AG
teknolojisini kullanmak isteyen eğitimcilere gerekli bilgileri sağlamakla birlikte ileride
gerçekleştirilecek çalışmalara yol gösterici nitelikte olacağı düşünülmektedir. Bu bağlamda araştırmanın
asıl amacı, AG’nin eğitimde kullanımı konusunda gerçekleştirilmiş çalışmaları bütüncül bir yaklaşımla
incelemektir.
Araştırmada eğitimde AG kullanımının etkililiğini belirlemek amacıyla meta-analiz yöntemi
kullanılmıştır. Veri toplama sürecinde öncelikle akademik başarı boyutunda AG ile ilgili yapılmış
çalışmalara ulaşmak ve incelemek amacıyla veri tabanları ve arama ölçütleri belirlenmiştir. Veri toplama
sürecinin sonunda, meta-analize dâhil edilme ölçütlerine uygun olan ve etki büyüklüğü hesaplaması için
gerekli ve yeterli bilgileri içeren 18’i tez, 27’si makale olmak üzere toplamda 45 çalışmaya ait etki
büyüklüğü analiz edilmiştir.
Çalışmada ayrıca araştırmanın iç geçerliliğine katkı sağlamak amacıyla nitel çalışmalar taranarak metatematik analizler de yapılmıştır. Bu doğrultuda alanyazında AG konusuyla ilgili nitel çalışmalar
taranmış ve yapılan taramada 19 çalışmaya ulaşılmıştır. Araştırmanın nitel verileri, MAXQDA nitel veri
analiz programı kullanılarak içerik analizi yöntemiyle çözümlenmiştir.
REM’e göre yapılan analiz sonucunda AG’nin akademik başarı üzerinde pozitif yönde ve orta düzeyde
anlamlı bir etkisinin olduğu tespit edilmiştir. Konuyla ilgili yapılan çalışmalarda da, AG uygulamasının
akademik başarıyı olumlu etkilediği sonucuna ulaşmış ve mevcut araştırmayı desteklemiştir (Akçayır,
2018; Yılmaz & Batdı, 2016). AG’nin akademik başarıyı pozitif etkilemesinin nedenleri arasında zengin
içerik sunarak öğrencilerin konuyu daha iyi anlamalarına yardımcı olması, daha iyi hatırlama ve uzun
süreli bellekte kalıcılığı sağlaması, öğrencilerin motor becerilerini geliştirmesi ve öğrenciler arasındaki
işbirliğini artırması olarak sıralanabilir (Radu, 2014).
Araştırmanın meta-analiz sonuçlarını tamamlayıcı olarak tematik analizler de yapılarak AG’nin farklı
boyutlara etkisi şeklinde çeşitli tema ve kodlar oluşturulmuştur. Duyuşsal boyuta katkıları açısından AG
uygulamaları, konuların gerçek hayatla bağdaştırılmasına yardımcı olarak motivasyon artışına neden
olduğu ve buna bağlı olarak da derse ve teknolojiye yönelik tutumu olumlu yönde değiştirdiği ortaya
çıkmıştır (Delello, 2014; İbili & Şahin, 2013; Kerawalla vd., 2006; Yen vd., 2012). Ayrıca AG
uygulamalarının dersi ilginç ve farklı kılarak öğrencilerin sürece aktif katılmalarını sağladığı,
meraklarını artırdığı, öğrenme sürecini eğlenceli, aktif ve etkili hale getirdiği belirlenmiştir (Ibáñez vd.,
2016; Sırakaya, 2015;).
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Öğrenme ortamına katkıları açısından AG’nin gözle görülemeyen ve soyut yapıları üç boyutlu olarak
görselleştirerek konuyu somutlaştırdığı ve karmaşık konuları daha anlaşılır hale getirdiği anlaşılmıştır
(Lee, 2012; Somyürek, 2014; Walczak vd., 2006; Wu vd., 2013). Ayrıca AG’nin anlamayı ve öğrenmeyi
kolaylaştırdığı, net ve ayrıntılı öğrenmeyi sağladığı, zor konuların anlaşılmasını sağladığı, faydalı ve
etkili öğrenmeler sunduğu sonucuna ulaşılmıştır (Ivanova & Ivanov, 2011; Walczak vd., 2006; Wu vd.,
2013). Aktif öğrenme sürecinde önemli bir yere sahip olan AG uygulaması, tüm duyu organlarına hitap
ederek daha kalıcı öğrenmeler sunduğu da belirtilmektedir (Baysan, 2015; Lee, 2012; Radu, 2014).
Mevcut çalışmada öne çıkan diğer bir görüş AG’nin doğrudan gözlemleme imkânı olmayan konuların
öğretimi, tekrarlarla hata oranını düşürmesi, yenilikçi, gerçekçi, işbirliğine uygun ve etkileşimli ortamlar
sunması gibi sınıf ortamına olumlu yönde katkılar sunmasıdır (Babur, 2016; Walczak vd., 2006; Yen
vd., 2012). Bunun yanı sıra farklı etkinlikler yapma olanağı sunarak monotonluktan uzak daha hareketli
ve renkli bir ders ortamı sunması uygulamanın diğer bir avantajı olarak ileri sürülmüştür (Fidan, 2018).
Ayrıca gerçek dünyada yapılması kolay olmayan deneyleri, anlatılması karmaşık ve maliyeti yüksek
olabilecek olan konuları öğretmeye yardımcı olmakta ve daha anlaşılır kılmaktadır (Baysan, 2015; Erbas
& Demirer, 2019; Küçük, 2015).
AG uygulamalarının eğitime ve diğer alanlara verdiği katkıların yanında birtakım sınırlılıklarının
olduğunu da belirtmek gerekmektedir. Özellikle donanım yetersizliği, düşük internet hızı, uygulama
üzerindeki nesneyi kameranın erken algılamaması ve bazen donmalar yaşanması AG kullanımında en
büyük sınırlılıkların başında gelmektedir (Çömen, 2018; Küçük, 2015; Şentürk, 2018). Çalışmada
gözlemlenen bir diğer sınırlılık ise uygulama esnasında web kamerası ve monitör kalibrasyonu sorunu
olabilmektedir (Akkuş, 2016). Yapılan bu çalışmada elde edilen bir diğer sonuç ise AG uygulamasında
içerik eksikliği, içerik geliştirmenin zaman alması, içeriğin anlaşılabilirliği ve kullanılabilirliğidir
(Küçük, 2015). Bu tarz eksiklikleri gidermede zorlanacağını düşünen eğitmen ve öğrenen bireyler AG
ortamına girmekten çekinebilmektedirler (Akkuş, 2016; Yuen vd., 2011).
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