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Abstract

The aim of this study is to examine the effects of investigate social studies teaching supported by teaching
materials developed with augmented reality (AR) technology applications on students' academic
achievement, attitudes and motivations towards the course and to determine the attitudes of students using
AR technology towards the use of AR applications in the classroom. An experimental design using
quantitative research methods was employed in the present study. The study sample consists of 70 5th grade
students studying at a junior high school in south Turkey in the 2017-2018 academic year. Positive effects of
the use of AR applications on students' academic achievement, attitudes and motivation towards the course
were observed. In addition, students using AR applications were satisfied with the use of the applications,
were willing to use the application and did not have any worries while using the application. Therefore, an
increase in the use of activities related to AR applications in education processes is predicted to be beneficial
for teaching and learning.
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1 Introduction

The period in which we live is described as a technology era in which continuous and rapid
developments occur. The impact of technology on human life is increasing daily, resulting in the
development of innovations aiming to improve human life. Innovations generated by technology
accelerate the discovery of other innovations. Changes and developments in the technological field exert
a positive effect on our lives and are used to solve many of our problems, prompting the hypothesis
that technology can also be used for teaching purposes (Yigit, 2009). Technology is a tool that helps
educators to reach the target audience in a short period and allows students to obtain the necessary
skills in a more qualified manner using advanced teaching materials (Kaya, 2006).

Technology offers many innovations in the field of education. One of these innovations is
augmented reality (AR) technology, which is one of the most popular technologies developed in recent
years. Augmented reality is defined as the visualization of a real world environment or element in a
live, direct or indirect manner, and an enrichment of these elements by adding perceptual inputs, such
as audio, video, graphics, and Global Positioning System (GPS) location information (Abdiisselam,
2014). In addition to computer-generated virtual environments, augmented reality applications
combine virtual data such as audio, video, graphics, and GPS location information produced by the
computer with the real world.

Augmented reality is widely used in many fields, such as architecture, maintenance and repair,
medicine and surgery, entertainment and games, education and training (Yusoff and Sunar, 2014), and
is becoming increasingly involved in our daily lives (igten and Bal, 2017).
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1.1  Review of the literature about augmented reality technology and its use in education

In this section, augmented reality technology will be introduced briefly and literature related to its use
in education will be presented.

1.1.1 What is Augmented Reality?

Augmented reality is one of the most recent developments in human-computer interaction technology
(Billinghurst, Clark and Lee, 2014). This technology is called augmented reality because it increases the
user's visual field (Caudell and Mizell, 1992). Augmented reality, defined as the enrichment of a real
environment through computers, is a new field that has recently had the opportunity to reach more
users through the development of the technology (Somytirek, 2014). This new area is based on the ability
to completely align computer graphics with a real world environment (Billinghurst, 2002). In other
words, augmented reality material is created by adding virtual objects, such as text, image, video, 3D,
sound, and GIFs, to a real image in computer environment.
Certain features of augmented reality systems are expressed in 3 ways:

(1) Real elements and virtual elements are combined,
(2) Interactions are provided in real time, and
(3) The data can be saved in a 3D format (Azuma, 1997).

Augmented reality has been confused with virtual reality, and therefore we must distinguish these two
technologies. AR is an extension of virtual reality (Cai, Wang and Chiang, 2013). Virtual reality
technologies completely immerse the user in a synthetic environment. The user cannot see the real
world around him. In contrast, augmented reality allows the user to see the real world by combining
the real world with virtual objects and presenting them interactively (Azuma, 1997).

AR technology is a combination of four different environmental elements. These environmental
elements are a camera, computer infrastructure, a marker and the real world. The positioning of these
four elements in the real world in 3D is defined as AR (Cakal and Eymirli, 2012).

1.1.2 Research on AR in Education

The areas in which AR applications are used are expanding, as the technology was initially used in the
military, industry and health (Caudel and Mizell, 1992). Currently, AR technology, which is used in
many fields (Altmpulluk, 2015), has begun to be used in the educational environment following the
introduction of devices such as telephones and Tablet computers (Giin, 2014; Giingor and Kurt, 2014;
Ozdemir, 2017). The availability of software to develop applications for this technology increases the
availability of AR technology in the classroom as well (Somyiirek, 2014).

Recently, an increasing number of studies have examined the availability of AR technology in
education. Based on these studies, the use of AR technology in the educational environment has some
advantages. Increasing academic achievement (Cai et al. 2014; ibili, 2013; Ersoy, Duman and Oncii, 2016;
Kigtiik, Yilmaz and Goktas, 2014; Sirakaya, 2015; Sirakaya, 2016; Sahin, 2017), arousing curiosity and
increasing participation in students (Abdiisselam, 2014; Ersoy et al., 2016; Ivanova and Ivanov, 2011;
Vojciechowski and Cellary, 2013), increasing the motivation of students and teachers (Atasoy, Giin and
Karaoglu, 2017; Ibili, 2013; Cakir, Solak ve Tan., 2015; Di Serio, Ibanez and Kloos, 2013; Erbas, 2016;
Ivanova and Ivanov, 2011; Kiiciik, Yilmaz, Baydas and Goktas, 2014; Sumadio and Rambli, 2010;
Vojciechowski and Cellary, 2013), remarkably entertaining properties (Yilmaz, 2014; Yoon, Elinich,
Wang, Steinmeier and Tucker, 2012; Vojciechowski and Cellary, 2013), enabling the learning
environment to become enjoyable and interactive (Lee, 2012; Giin and Atasoy, 2017), positively
influencing student attitudes (Atasoy at al., 2017; Kiigiik, Yilmaz and Goktas, 2014 Sahin, 2017), helping
students to visualize objects in their minds (Balak and Kisa, 2016; Giin, 2014; Giin and Atasoy, 2017;
Shelton and Hedley, 2002; Squire and Klopfer, 2007); Vojciechowski and Cellary, 2013), creating
permanent learning (Ersoy et al., 2016; Ivanova and Ivanov, 2011), improving students' visual skills
(Kaufman and Schmalstieg, 2003) and their visual intelligence (Yilmaz and Batdi, 2016), and positive
effects on self-efficacy perceptions (Erbas, 2016) and creativity (Gurjar and Somani, 2016) are some of
these advantages. Additionally, AR materials are easy to use (Sirakaya, 2015) and save time (Akcayir
and Akgayir, 2016; Li, 2010). The use of AR technology for educational purposes is also supported by
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studies of prospective teachers (Uluyol and Eryilmaz, 2014) and teachers (Abdiisselam, 2014b; Erbas,
2016). AR technology may become an indispensable technology in educational environments in the near
future (Demirer and Erbas, 2015; Ozdemir, 2017).

None of the studies mentioned here has analysed social studies education. However, since this
technology addresses multiple senses at the same time, students might be able to learn about historical
subjects without memorizing information and instead enjoy the material presented in social studies
courses. Historical sites and museums can be visited, abstract time can be made concrete, and maps and
places can be visualized in three-dimensions to allow students to spatially perceive the material (Ozel,
2014). The present study attempts to eliminate this deficiency in the literature. In addition to academic
achievement, the effects of AR on motivation and attitude will be examined.

Motivation is one of the factors that emphasizes the effectiveness of learning-teaching processes
because it affects the students” energy and behaviour (Akbaba, 2006). One of the prerequisites for
learning in education is the motivation of the student. A student who has sufficient motivation is ready
to learn. When students are motivated, they generally learn the subjects in a short time.

According to Turgut (1990), attitude is the tendency of an individual to behave positively or
negatively towards a particular person or situation. Affective, behavioural and cognitive factors affect
students' attitudes in educational environments. According to Biiyiikkaragoz (1997), positive attitudes
towards learning make learning easier and negative attitudes make learning difficult. Therefore, the
effects of AR-supported social studies teaching on the attitude towards the course should be examined
(Gomleksiz and Kan, 2013).

1.2 Significance of the study

AR technology is used in many fields, such as health, military, engineering, education, advertising,
sports and entertainment, and its use is increasing daily. The use of this technology in the field of
education is new and limited. The use of AR technology in education is viewed as a new technological
tool. Considering the opportunities offered by AR technology, the benefits of its use in education for
students, teachers, and the education process must be evaluated. Therefore, this study is expected to
contribute to the literature about the use of AR technology in educational settings.

Studies conducted in the field of education examining AR technology are generally related to
teaching courses such as physics, mathematics, science and language. A study targeting social studies
education does not exist. Thus, a study examining the use of AR technology in social studies courses
will contribute to the social studies literature. A study analysing the effects of teaching a social studies
course with AR-supported materials will allow us to determine the positive or negative effects of this
method. Therefore, the potential positive effects of AR technology on academic achievement, attitude
and motivation in social studies courses must be determined. If a positive effect is observed, the
development of new teaching materials and implementation of new classroom practices using this
technology will become possible.

1.3 Purpose of the study

The general purpose of this study is to determine the effects of the use of AR applications in social
studies courses. From this perspective, the basic research question is “What are the effects of using AR
applications in a social studies course on the academic achievement, motivation and attitude of the
student towards the social studies education course?” Based on this basic problem sentence, the sub-
problems listed below will be investigated.

(1) Interms of academic achievement, attitude and motivation towards the course:

e Does a significant difference exist between the pre-test scores of the experimental and control
groups?

e  Are the pre-test and post-test scores of the experimental group significantly different?

e Are the pre-test and post-test scores of the control group significantly different?
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e  Are the post-test scores of the experimental and control groups significantly different?
(2) Interms of attitude towards activities prepared with AR:

e  What is the attitude of the experimental group towards the use of AR technology?
2 Methods

2.1 Model used in the study

In this study, a pre-test/post-test control group model, which is a real experimental model, has been
used. This model includes two groups determined by neutral assignment. One group is designated as
the experimental group and the other as the control group. Measurements are performed before and
after the experiment in both groups.

The dependent variables of this study were teaching with AR-supported instruction and a
textbook, and independent variables were academic achievement, attitudes towards the social studies
course, motivation and attitudes towards AR materials.

The topics “Journey to History” and “My Beautiful Country” in the 5% grade "Culture and
Heritage" learning area in the curriculum of the social studies course were covered with both groups.
IA textbook supported with AR materials was used by the experimental group, while only a regular
textbook was used by the control group. The data related to the model used in the study is presented in
Table L.

Table I. Model of the research.

TREA T
GROUP PRE-TEST TMENT IME POST-TEST

1. Social Studies Course

1. Social Studies Achievement Test

Course Achievement

Using textbook 2. Social Studies Course
Test supported with Motivation Scale
Experimental 2. Social Studies PP . 2 weeks . . .
.. the materials 3. Social Studies Attitude
Group Course Motivation . 6 hours 1
Scale prepared Via Scale
. . AR 4. Attitude Scale for
3. Social Studies Auomented Realit
Attitude Scale grien’ y
Applications
1. Social Studies
Course Achievement 1. Social Studies Course
Test Execution of Achievement Test
Control 2. Social Studies the course with 2 weeks 2. Social Studies Course
Group Course Motivation the current 6 hours  Motivation Scale
Scale textbook 3. Social Studies Attitude
3. Social Studies Scale

Attitude Scale

2.2 Population and sampling

The population of this research consists of 5th grade students studying in secondary schools in a
province in Turkey in the 2017-2018 academic year. Cluster sampling, one of the random sampling
methods, was used in the present study. In cluster sampling, the sampling unit of clustered subgroups
around a particular property is selected. This approach is relatively suitable for studies with a large
population (Bastiirk and Tastepe, 2013). Demographic information about the sample is presented in
Table I

Table II. Demographic Information about the Sample.

Groups Female Male Total
Experimental Group 15 20 35
Control Group 21 14 35
Total 36 34 70
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As shown in Table II, the experimental group consisted of 35 students (15 girls and 20 boys),
the control group consisted of 35 students (21 girls and 14 boys) and the total number of students was
70.

2.3 Data collection tools

"Social Studies Course Academic Achievement Test" was used to evaluate academic achievement, while
"Social Studies Course Attitude Scale” was used to measure attitude towards the social studies course.
and “Social Studies Course Motivation Scale” was used to examine their motivation. In addition, the
“AR Applications Attitude Scale” was administered to students in the experimental group.

Achievement test. An achievement test was developed by the researchers and administered to the
experimental and control groups during the pre-test and post-test stages. First, a Table of specifications
was created that was consistent with the acquisition of knowledge related to “Journey to History” and
“My Beautiful Country" within the content of the 5% grade secondary school social studies course by
the students. Afterwards, a question pool of 40 items was created to develop a multiple choice
achievement test in line with the acquisitions of Table of specifications. The 5t grade social studies
textbooks approved by the Ministry of National Education were used to create the question pool. After
the question pool was created, opinions of four experts were recorded and some questions were
corrected based on their suggestions. Some questions, on the other hand, were removed from the test,
and thus the number of questions was reduced to 33. Based on the results of the pilot study, the average
difficulty index of the test was 0.64. Since this score is relatively high, we eliminated some items that
increased the difficulty index, resulting in an achievement test with 24 items. The final average difficulty
index of the test was 0,587. Item difficulties ranged from 0,80 to 0,30. The mean discrimination index of
the test was 0,546. The lower limit of item discrimination value was 0,42.
Social Studies Course Attitude Scale. A new attitude scale was not developed for the study. An attitude
scale for the social studies course had already been developed by Gomleksiz and Kan (2013). This scale
has 29 five-point Likert-type items. It has five sub-dimensions: love, benefit, interest, desire, and trust.
The reliability coefficients of the love, benefit, interest, desire, and trust dimensions are 0,87, 0,88,0,77,
0,76, and 0,74, respectively. Cronbach's alpha value for the whole scale was determined to be ,61 by the
developers.
Social Studies Course Motivation Scale. For this study, a motivation scale described in the literature was
employed. This motivation scale was developed by Gomleksiz and Kan (2012) and the subscales of the
scale were intrinsic motivation, extrinsic motivation and caring. The Cronbach alpha coefficient of the
whole scale was 0,79, according to the researchers.
AR Applications Attitude Scale. In this study, the "Augmented Reality Applications Attitude Scale"
developed by Kiictik at al. (2014) was used to determine the attitudes of students in the experimental
group towards the use of AR materials. The scale is a five-point Likert-type scale with 15 items and
consists of 3 sub-factors. The Cronbach alpha coefficient of the whole scale was 0,83. Cronbach alpha
coefficients of the scales used in this study are presented in Table III

Table I1I. Cronbach Alpha coefficients of the scales used in this study

Data collection toll Groups Tests Cronbach Alpha Values
Experimental Pre-test 873
Group Post-test 768
Attitude Scale
Pre-test .933
Control Group
Post-test .880
Experimental Pre-test 793
Group Post-test .833
Motivation scale
Pre-test .760
Control Group

Son-Test .784
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Experimental

Group Post-test .802

AR Applications Attitude Scale

2.4  Augmented Reality Materials

Information about the AR materials used by the students in the experimental group is discussed in this
section.

2.4.1 Science Cards: AR Historical Places Cards

Consistent with the achievement benchmarks related to the subject, “AR Historical Places Cards”
prepared by the Ders Zamani Egitim Yayinlar1 (Lesson Time Education Publications) were provided.
Permission was obtained from the institution to use these materials before the study began. After
obtaining permission, the students downloaded mobile "AR Science Cards", a mobile AR application,
to their mobile devices. Two hours of classroom applications were available through this application,
which also works without an internet connection.

2.4.2 Materials Prepared with HP Reveal AR Studio

A user account is first created on a website to create AR materials with the HP Reveal Studio program.
Through this program, the textbook was enriched by adding a number of virtual objects to the existing
visuals in the textbook. Prior to the application, students downloaded the HP Reveal mobile application
to their mobile devices and viewed the materials created through the application.

2.5 Data Analysis

The data obtained from the study were statistically analysed with the SPSS 21 program. First, the normal
distribution of the data was assessed using a normality test. The data with a normal distribution are
presented in Table IV

Table IV. Skewness and kurtosis coefficients of all statistical data obtained from experimental
and control groups

Group Skewness Kurtosis
Attitude Exper%mental Group - Pre-test ~ -.162 -.010
towards the Experimental Group - Post-Test .002 -.843
course Control Group - Pre-test -.645 -133

Control Group - Post-Test -.307 -.281

o Experimental Group - Pre-test ~ -.221 -.083

Motivation Experimental Group - Post-Test .065 -574
towards the Control Group - Pre-test .078 -1.011
course Control Group - Post-Test -.095 -.204

Experimental Group - Pre-test ~ -.057 -.565
Academic Experimental Group - Post-Test .351 -.738
achievement Control Group - Pre-test 226 430
test Control Group - Post-Test 197 -1.042
Attitude
towards AR Experimental Group - Post-Test -.409 -1.068
materials

Skewness and kurtosis values should range from +2 to -2 to accept the normal distribution of
data (Field, 2009). Based on the skewness and kurtosis values presented in Table 4, the data are within
the acceptable normal distribution ranges. Therefore, an independent groups t-test, which is a
parametric test, was used to compare the data from the experimental and control groups, and the
significance level was set to ,05. A dependent groups t-test, which is a parametric test, was used to
compare the pre-test and post-test scores within groups, and the significance level was set to ,05.
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3 Results

3.1 Results Related to Academic Achievement

An independent groups t-test was applied to determine whether a statistically significant difference in
academic achievement existed between the experimental and control groups before the intervention.
The results are presented in Table V.
Table V. Independent Groups t-Test Results Related to Values Obtained from Experimental
Group Pre-Test and Control Group Pre-Test Achievement Test

Group and Test X SS ¢t p
. Experimental Group - Pre-test 12.8 4.2
Achievement Control Group - Pre-test 13.0 3.3 ~187. 852

According to the data presented in Table V, a significant difference in the scores on pre-
intervention achievement test was not observed (t=-.187, p>.05).

A dependent groups t-test was applied to determine whether statistically significant differences
between the pre-test and post-test results on the achievement test existed in the experimental group.
The results are presented in Table VI

Table VI. Dependent groups t-test results related to Pre-test and post -test Achievement values
Group and Test X SS t p

Experimental Group - Pre-test 12.8 4.2
Experimental Group - Post-test 16.6 2.5

Achievement -5.091 .000

According to the data presented in Table VI, a significant was observed difference between the
scores the experimental group achieved on the pre-test and post-test (t = -5.091, p <.05). Teaching the
course with AR-supported materials exerted a positive effect on academic achievement in the
experimental group.

After the intervention, an independent groups t-test was performed to determine the difference
in academic achievement between the experimental and control groups. The results are presented in
Table VII.

Table VII. Independent Groups t-Test Results regarding post-test achievement scores of experimental
and control group

Group and Test X SS t p
Experimental Group - Post-test 16.6 2.5

Achievement 2977 .004
Control Group - Post-test 145 3.3

As shown in Table VII, a significant difference in the scores on the post-test achievement test
was observed between the groups (t = 2.977, p <.05). Therefore, a significant difference existed between
the experimental group and the control group.

After the application of AR technology, the dependent groups t-test was performed to
determine whether a difference in the achievement test results of the control group existed. The results
are presented in Table VIII.

Table VIII. dependent Groups t-Test Results regarding pre-test and post-test achievement
scores of control group
Group and Test X SS t p
Control Group - Pre-test  13.0 3.3
Control Group - Post-test 14.5 3.3

According to the data presented in TableVII], a significant difference between in scores for the

pre-test and post-test achievement test was not observed in the control group. (t=.-1.939, p>.05).

Achievement -1.939 .057
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3.2 Results Related to Attitudes towards the Social Studies Course

An independent groups t-test was conducted to determine whether a statistically significant difference
in the values obtained from "Social Studies Course Attitude Scale" existed between the experimental
and control groups of students. The results are presented in Tables.
First, the existence of a difference between the experimental and control groups before the
treatment was examined, and the results are presented in Table IX
Table IX. Independent Groups t-Test Results Related to attitude Values Obtained from pretest
conducted to Experimental and Control Group groups

Group and Test X SS t p

Experimental Group - Pre-test 69.2 9.7 -
Control Group - Pre-test 722 145 1.011

A significant difference in the pre-test scores for the attitude scale was not observed between
the two groups (t=-1.011, p>.05).

Next, a significant difference in the attitudes of the experimental group towards the course
following the introduction of the AR technology was determined. A dependent groups t-test performed
for this purpose, and the results are presented in Table X.

Table X. Dependent groups T-test results of pretest and posttest attitude values of the
experimental group

Group and Test X SS t p

Experimental Group - Pre-test 692 9.7
Experimental Group - Post-test 871 3.9

Attitude 316

Attitude -9.984 .000

According to the data presented in Table X, a significant difference was observed between
values obtained from the pre-test and post-test using the attitude scale (t=-9.984, p<.05).

A significant difference between the experimental group and the control group in their attitudes
towards the course following the implementation of AR technology was also analysed using an
independent group t-test, The results are presented in Table XL

Table XI. . Independent groups t-test results related to posttest values of experimental and
control groups
Group and Test X SS t p

Experimental Group - Post-test 87.1 3.9

Control Group - Post-test 769 8.1 6.708 000

Attitude

As shown in Table XI, a significant difference in the post-test scores for the attitude scale was
observed between the two groups (t=6.708, p<.05). In the experimental group, the use of AR technology
increased the positive attitudes towards the course to a greater extent than the control group.

A difference in the attitudes of the control group towards the lesson after the application was
also examined. The results of the dependent groups test are presented in Table XII.

Table XII. Dependent groups t-test showing the pretest and posttest results of the control
group regarding the attitude

Group and Test X SS t p

Control Group - Pre-test 722 14.5

Control Group _Post-test 769 8.1 -1.655 .104

Attitude

According to the data presented in Table XII, a significant difference between pre-test and post-
test values of the control group was not observed (t=-1.655, p>.05).

Results related to motivation for the Social Studies course

Before the introduction of the application, we aimed to determine whether a significant
difference existed in the motivation of experimental and control groups towards the social studies
course. An independent groups t-test was conducted for this purpose, and the results are presented in
Table XIII.

Table XIII. Independent groups t-test results related to pretest motivation values of
experimental and control groups for social studies course

Group and Test X SS t p
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Experimental Group - Pre-test 785 5.4

Control Group - Pre-test 77.9 5.8 480 633

Motivation

A significant difference in the pre-test motivation values was not observed between the groups
(t=.480, p>.05).
A statistically significant difference in the motivation of the experimental group for the course
was analysed after the intervention, and the results are presented in Table XIV.
Table XIV. Dependent groups t-test results of experimental group related to the pretest and
posttest values of the motivation towards the course

Group and Test X SS ¢t p

Experimental Group - Pre-test 785 5.4

Experimental Group - Post-test 86.5 4.4 ->-858 000

Motivation

According to the data presented in Table XIV, a significant difference was observed between
the pre-test and the post-test values obtained from the motivation scale (t=-5.858, p<.05).

Following the intervention, the presence of a significant difference in motivation for the course
was analysed between the experimental group and the control group using an independent groups t-
test. The results are listed in Table XV.

Table XV. Independent groups t-test results demonstrating post-test achievement scores of
experimental and control groups

Group and Test X SS t p

Experimental Group - Post-test 86.5 4.4

Control Group - Post-test 795 85 4.249 000

Motivation

As shown in Table XV, a significant difference was observed in the post-test values between
the two groups (t=4.249, p<.05). However, in the experimental group, the level of motivation towards
the lesson increased to a greater extent than the control group.

The existence of a significant difference in the motivation level of the control group after the
procedure was also examined. For this purpose, a dependent groups t-test was performed and the
results are presented in Table XVI.

Table XVI. Dependent groups t-test related to motivation levels according to pre-test and
post-test scores of the control group
Group and Test X SS t p

Control Group - Pre-test 779 5.8
Control Group - Post-test 79.5 8.5

As shown in Table X VI, a significant difference was not observed in the post-test values between
the two groups (t=-1.286, p>.05).

Motivation -1.286 .207

3.3 Results on the Attitude towards AR Applications

Descriptive analyses were conducted to determine the attitudes of experimental group towards AR
applications. The results are presented in Table XVIL
Table XVII. Descriptive Analysis of the Data Obtained from Attitude Scale for AR
Applications Applied to Experimental Group

Factor Min. Max. X SS
Satisfaction 771 100 915 7.0
Anxiety 20 86.6 286 144
Desire 70 100 968 7.1

When examining the descriptive statistics of the factors included in the attitude scale towards
AR applications consisting of 3 sub-dimensions, students in the experimental group were pleased to use
AR applications (x = 91.5, sd =7.0), did not experience anxiety while using AR applications (x = 28.6, sd
= 14.4) and were willing to use AR applications (x = 96.8, sd = 7.1).
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3.4 Findings and Discussion

3.4.1 The Effect of AR Applications on Academic Achievement

The potential effects of the use of textbook supported by AR technology and other AR-supported
teaching materials by the experimental group and the use of the existing textbook by the control group
on a significant difference in academic achievement were examined. A statistically significant difference
was observed between the experimental group and control group in favour of the experimental group.
Significant differences were observed between the pre-test achievement test scores and the post-test
achievement test scores of the experimental group, with higher post-test scores recorded. Based on
these results, AR technology applications increase academic success. The results obtained in other fields
of education (Abdiisselam and Karal, 2012; Fleck and Simon, 2013; Giin, 2014; Korucu, Usta and
Yavuzaslan 2016; Ozarslan, 2013; Shelton and Hedley, 2002; Sahin, 2017) also apply to social studies
education. Multiple explanations for the positive effect of AR applications on the success of the
experimental group are proposed. AR, which is a new and interesting technology, may have increased
the students' interest in the course and thus increased their success (Ktigtik, 2015; Sirakaya, 2015). AR
technology possesses advantages in increasing the success of the course using AR applications. In the
experimental group, AR applications increased the active participation of the students in the lesson,
creating a sense of curiosity for the students about a new technological material. Thus, AR applications
represent an effective learning tool. In addition to the test results, students in the experimental group
exhibited higher thinking and questioning skills than students in the control group, which is important
for social studies education (Kiris Avarogullari and Vurgun, 2018).

3.4.2 The effects of AR applications on motivation and attitude

Within the scope of the study, the existence of significant differences in motivation and attitudes
towards the course were examined between the experimental group who were taught with AR
technology-supported materials and the control group who used regular textbooks. While the pre-test
scores for the motivation and attitude scales were similar in the experimental and control groups before
the intervention, a significant difference in the post-test scores was observed, as the experimental group
achieved higher scores. When the pre-test and post-test scores of the experimental group were
compared, a significant increase in the post-test results was observed. Therefore, AR technology-
supported materials significantly increased the motivation and attitude towards the social studies
course. Studies showing that AR technology applications increase the motivation level for the course
(Cai, Wang and Chiang, 2014; Di Serio at, al., 2013; Erbas, 2016; Ersoy at al., 2016; Squire ve Klopfer,
2007; Sahin, 2017; Bulus ve Senttirk, 2018) are confirmed by the findings of the present study.

3.4.3 Students' attitudes towards the use of AR applications

Students were satisfied with the AR applications after use, were willing to use the AR applications, and
did not experience anxiety while using the AR applications. Similar results are observed for AR
applications in published studies. In the study by Kiiciik at al., (2014), students developed positive
attitudes towards AR practice, and the explanation was that AR practices provide an effective learning
environment for the student and increase the motivation of the students towards the course. According
to Yusoff and Dahlan (2013), AR technology has the characteristic of attracting attention, and students
are willing to use AR applications. Cetinkaya and Akcay (2013) emphasized that AR applications, which
are appealing to different senses and are an interesting technology, have an effect on obtaining the
desired behaviours. The potential explanation for why students develop a positive attitude towards AR
applications may undoubtedly be the unique features of AR technology. Moreover, the use of a new
technology in the classroom environment is interesting, thus revealing the desire for students to use the
application. This effect was observed in previous studies by various researchers, including the authors
of this study (Avarogullar1 and Capar, 2016; Donmez and Tangiilii, 2012; Sidekli and Karaca; Yorulmaz
and Can, 2016).

i Conclusions and recommendations

According to the findings of the study, a logical conclusion is that the use of AR applications supported
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education in a social studies course and produced positive results. Students in the experimental group
who used AR technology exhibited significantly increased academic achievement, attitudes and
motivation towards the course. In addition, the students receiving AR-supported education exhibited
extremely positive attitudes towards the materials supported by AR technology and the use of AR
technology in the classroom. According to the results, the use of AR applications in social studies
courses should be expanded. However, students need mobile devices for these applications to be used
in the classroom. This problem should be solved as soon as possible. During this study, the physical
conditions of the classroom might have negatively affected the outputs of AR applications. Therefore,
the classroom conditions should be regulated when implementing AR practices. Teachers must acquire
technical knowledge to prepare AR materials that are suiTable for achieving the course objectives. Most
teachers have not received any training on this subject. A lack of knowledge increases professional
concerns (Uygun, Avarogullari, and Oran, 2016). Therefore, training or technical support should be
provided to teachers. Finally, the integration of AR applications into the new textbooks is proposed
based on the results of this study.

5 Limitations

This article has several limitations. The first is the limited sample size. As educational research is
generally conducted with very few financial resources, a study examining a large sample group is
impossible to conduct. In the present study, a sample group of the desired size was unable to be
established. Another limitation of this study is the technical knowledge of the researchers. Second, the
textbook used in the experimental groups is not written with the goal of using augmented reality
technology. Therefore, the authors should add the necessary augmented reality applications to this
textbook, and augmented reality elements were unable to be added to any desired location. Neither of
the researchers are experts in computer technology. They have learned to use augmented reality
applications through their personal efforts. Nevertheless, they did not completely reveal the products
they visualized. Finally, the duration of the study is another limitation. The study was completed in
only two weeks, because the teachers must also teach other subjects in the course, and the researchers
were unable to produce augmented reality elements for the entire textbook due to time and technical
constraints.
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