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Abstract—As one of the developing technologies and increased use in the
field of education, Augmented Reality (AR) technology adds a digital (audio,
video, graphic and GPS location) layer to authentic world images. The aim of
this study is to determine students’ attitudes regarding AR contents developed
for science education. The study group consists of 77 7th grade students study-
ing in a private college during 2018-2019 academic year spring semester. The
study adopted quantitative data collection method and implemented Attitude
Scale for Augmented Reality Applications. The collected data were analyzed
through paired samples statistics, mean and standard deviation. The data analy-
sis showed that students were satisfied with AR applications, found it interest-
ing and easy to use and would like to use it in the future.
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1 Introduction

The head-spinning developments in information and communication technologies
change the lifestyle of the individual and the society and became an important indica-
tor of a country’s progress and level of development. This great increase in the im-
portance of information and technology influenced the field of education like all other
fields. The use of technology in education helps learners access information more
easily, fosters the development of cognitive skills and helps learners construct infor-
mation [1]. In today’s world, there is a need to use new technologies associated with
real life by combining them with effective learning methods in the classrooms in or-
der to take learners to the center and increase their interest and motivation. Such tech-
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nologies have attracting features and advantages needed to help students gain the
desired skills by creating a fluent learning setting and attracting students’ attention
[2][3]. One of these technologies is Augmented Reality (AR) which is widely used in
the field of education recently. AR is the enrichment of real settings through virtual
objects or information (audio, video, graphic, simulation, etc.) created by computer-
based technologies [4][5]. In other words, AR technology is the enhancement of real-
world views and perception of reality by situating two- and three-dimensional digital
content into real world setting [6][7].

AR technology fosters the existing reality and consists of these three main charac-
teristics:

e Combination of real and virtual.
e Real time interaction
e Three-dimensional record [8].

The concepts of AR and virtual reality are often confused with each other. Actual-
ly, AR is an extension of virtual reality. The point where AR differentiates from virtu-
al reality is the fact that AR constructs a virtual infrastructure on an actual object. This
means that in AR applications, virtual applications are shaped by a real setting where-
as, in virtual reality, all activities are virtual [9].

There are two existing types of AR applications:

e Marker-based
e Location-based [10]

In marker-based AR, cameras firstly identify objects or specially designed markers
in the world and images are processed. Later, it projects the 2D or 3D information on
these real time objects or markers [11].

As for location-based AR, location data from mobile gadgets such as wireless net-
work or global positioning system (GPS) are used and combined with the information
created by the computer [6].

For the past 60 years, AR applications are created to be used in various fields [12].
According to [8], medical imaging, care and maintenance, explanation, planning ro-
botic ways, entertainment and military plane navigation are the six areas where AR
applications are used. It is possible to add more areas to this list. For example, infor-
matics, advertising, design and health are also using AR.

When AR technology is reviewed for educational purposes, it is seen that AR is
amongst the developing technologies for educational settings. [13] highlighted that
AR applications are used in education because they support the interaction between
reality and virtual setting perfectly, are used as concrete interface simulations to ex-
plain objects, and enables smooth transfer between the reality and the virtual. AR
allows room for flexibility in learning as it offers a learning setting which can be
adapted to real life setting [14]. Also, AR applications are distinguished from tradi-
tional paper learning and computer-assisted learning with realistic images, effective
and sincere interface and interactive content [15].
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[5] reviewed relevant literature and listed some of the advantages of AR technolo-
gy in education as follows:

Makes learning interesting [4]

Establishes permanent learning [16]

Increases academic success [17] (Lee, 2012)

Concretizes learning of complex or abstract concepts, facts and objects [18]
Makes lessons more enjoyable by contributing to its fun [19]

Increases student motivation and improves student attitude toward the lesson [20]
Positively influences success and learning outcomes [21]

Can be used to teach events, objects or phenomenon that is difficult to observe, is
small or dangerous [22]

Ensure active in-class participation [23]

o Contributes to learner autonomy [17]

AR technology is widely used in science along with other disciplines such as medi-
cine, geometry, architecture, mathematics, visual arts, language teaching, etc. [24].
AR technology can be said to be suitable to science structure due to its advantages
such as realistic structure, making experiments easier, concretizing topics, being re-
search and investigation-based and other characteristics [25]. When it is especially
considered that physics topics have abstract and complex content, AR is seen as
promising potential tool for learning these topics [26]. [23] examined studies on the
use AR for educational purposes through content analysis and found that majority of
the AR studies are conducted in the field of science.

The studies on AR practices in science from the literature are reviewed. [27] de-
veloped a location-based augmented reality setting with a five-step guidance mecha-
nism in order to help students share information by letting them question during learn-
ing activities. The study group consisted on fifty-seven 4™ grade science students who
were divided into two groups: experimental group taught through augmented reality
approach and control group taught through traditional in-class practices. Students’
learning behaviors were recorded and comparatively examined in terms of learning
patterns and group interaction. The findings showed that students using interrogative
learning activities based on augmented-reality experienced more interaction during
the learning process.

[21] developed an interrogation-based augmented reality simulation system for the
topic of matter structure at secondary school chemistry lesson. The students were able
to use a 3-dimensional model and markers to control, combine and interact with micro
pieces. Their study concluded that augmented reality tools have major complementary
role in learning, are more effective for low-performance students, students have a
positive perception toward this software and students’ learning attitudes are associated
with the software assessments.

[28] investigated the impact of augmented reality usage in chemistry classes on
students’ learning outcomes. The study was conducted in pre-test post-test design
without a control group. Following the implementation, it was found that augmented
reality application contributed to the learning of complex concepts in chemistry; posi-
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tively influenced the communication among students and the use of augmented reality
application fosters science learning.

In other study, [29] focused on testing the impact of using augmented reality in-
structional materials on students’ success, conceptual errors and in-class participation
as well as identifying students’ perceptions of augmented reality instructional materi-
als. The augmented reality instructional material called UzayAR, which was devel-
oped for the study, was implemented with the 118 students in 7" grade Science and
Technology lesson by using descriptive research design. The findings from the study
pointed out that the students from the experimental group with augmented reality
materials were more successful compared to the students from the control group, have
less errors in concepts but had no difference in terms of classroom participation.

In his study, [30] studied that effects of augmented reality application developed to
be used in science laboratories, on university first year students’ laboratory skills and
laboratory activities. The study adopted pre-test post-test control group experimental
research design and 76 students took part in the research. It was found that augmented
reality application did not have a positive effect on students’ laboratory skills but they
developed a positive attitude toward science laboratory activities with augmented
reality materials.

[31] concentrated on the relation between the students’ success, attitude toward the
lesson and attitude toward augmented reality application regarding the augmented
reality application used in science lessons. The sample for the quasi-experimental
research design included 100 7" grade students. The data from the study showed that
there is a difference in terms of success and attitude toward the lessons between ex-
perimental group student who used augmented reality and control group students.

The review of relevant literature revealed an increase in the number of studies on
the use of AR technology for science teaching in recent years. However, no study was
found on the investigation of attitude toward AR technology at secondary school level
in North Cyprus. In this regard, it is needed to meet fill this gap in the literature.
Hence, the aim of this study is to determine impact of AR content designed for 7"
grade science teaching on students’ attitude toward AR technology.

2 Methodology

This study adopted single-group pre-test-post-test experimental design from quan-
titative research approaches. Experimental design researches are those that test the
cause-effect relation between the variables. In experimental studies, researchers ob-
serve the impact of at least one independent variable on one or more dependent varia-
bles. There are many types of experimental design. One of these, which is also used in
this study, is the single-group pretest-posttest experimental design where independent
variable is implemented to one group and measurements are conducted before and
after the experiment. The difference between the mean scores of pretest and posttest
indicates the impact of the independent variable on the dependent variable [32].
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2.1  Participants

The sample group of the research consists of seventy-seven 7™ grade students at a
private middle school in North Cyprus. The research conducted in spring semester of
2018-2019 academic year. The average age of students is 12, and 51% of the students
are female and 49% are male.

2.2 Data collection tool

In order to determine the attitudes of students towards the usage of AR application,
Attitude Scale for Augmented Reality Applications at Secondary Schools consisting
of 15 items and three factors which was developed by [33] was used. The students
answered the attitude scale at the beginning of the semester and at the end of the se-
mester after using AR applications. The collected data were analyzed through paired
samples statistics, mean and standard deviation techniques.

2.3  AG contents development process and application

For this study, content in the form of animations were developed ready to be in-
stalled in a ready-made mobile AR application. These contents were prepared in re-
gard to the 7" grade science subject curriculum of the school where the study would
be implemented. The topics were selected based on the interviews with Science
teachers and students who were taught 7" grade science topics in the previous year.

In the next step, contents were developed based on continuous feedback. During
this process, the feasibility of the contents was assessed based on the views of teach-
ers and students. The developed contents were finalized following the feedback from
five instructional technology experts, three science education experts and one linguis-
tic expert. The final versions of the contents were integrated into HPReveal, one of
the AR applications. Thus, contents were made accessible to any mobile device with
HPReveal application. Within the scope of the study, a different sticker was prepared
for each of the contents and was distributed to students to stick it to the relevant sec-
tion in their course books. The students were able to watch the relevant content by
showing the sticker from their books to their tablets’ cameras through HPReveal ap-
plication. The topics of science lessons were taught with the support of AR content
for 6 weeks.

3 Results

The findings regarding the items and sub-dimensions of the Attitude Scale for
Augmented Reality are presented in this section.
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3.1 Comparison of students’ attitudes before and after augmented reality
application based on scale items

The changes in students’ attitudes regarding AR applications during AR applica-
tions are presented in the table below. Descriptive statistics such as mean and standard
deviations of the scores of students from the Attitude Scale for Augmented Reality
Applications before the education and after the education are presented in Table 1.

Table 1. Comparison of Students’ Attitudes Before and After Augmented Reality Applications
According to Items

Pre-test Post-test

x s X S
1.1 enjoy the lessons conducted with AR applications. 3,52 |1,35] 4,09 | 1,22
2.1t increases my curiosity for the subject to see AR applications shown on
books with 3D gbjects, Vti}:ieos and anijmations. P 3,58 11,401 4,09 | 1,13
3.1 study more for the subject thanks to AR applications. 3,36 |1,20| 3,87 | 1,13
4.The 3D objects in AR applications bring a sense of reality in the context. 3,49 |11,29| 4,12 | 0,99
5.1 attend to classes using AR applications more willingly. 3,61 |1,29] 4,21 | 1,04
6.1 can pay more attention to the classes when AR applications are used. 3,60 | 1,19] 4,00 | 1,06
7.1 enjoy studying at home with AR applications. 3,53 11,26 3,82 | 1,33
8.I’'m not interested in AR applications. 2,49 (1,39 1,78 | 1,02
9.AR applications make learning more difficult for me as they confuse me. 2,26 |1,27] 1,69 | 0,98
10.There is no need to use AR applications in classes. 2,49 (1,40( 1,84 | 1,03
11.1t is a waste of time to use AR applications in classes. 2,45 (1,46 2,18 | 1,26
12.1 get bored when using AR applications. 2,45 |1,38] 2,05 | 1,22
13.1t is difficult to use AR applications. 2,73 (1,26 2,38 | 1,36
14.1 would like AR applications to be used in other classes as well. 3,36 (1,38 4,48 | 0,84
15.1 would future course books to include AR applications. 3,36 (1,33 4,44 | 0,70

Although the students responded as “I agree” to positive items and as “I disagree”
to negative items from the Attitude Scale for Augmented Reality Applications before
the implementation, it was observed that there was an increase in the positive items
and decrease in the negative items.

When the mean scores of students’ responses are reviewed, it is seen that following
AR applications experience, students enjoyed the lessons more, their curiosity in-
creased after viewing 3D objects, videos and animations on the course book, 3D ob-
jects gave a sense of reality, they attend to AR classes more willingly and they wish to
see AR applications in other classes as well.

3.2 Comparison of students’ attitudes before and after augmented reality
applications according to sub-dimensions

Paired samples statistics analysis technique was used in order to determine the stu-
dent attitudes for using AR applications. The analysis conducted for the three sub-
dimensions as regards the attitudes of students towards AR applications are given in
table 2.
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Table 2. Comparison of Students’ Attitudes from Pre-test and Post-test Regarding Augmented
Reality Applications according to Sub-dimensions

Reflective thinking tendencies Group N Mean SD df t p
. . Pre-test 77 3.5288 1.00564 76 |-4.020{ .000
[Usage satisfaction
Post-test 77 4.0278 91298
. Pre-test 77 2.4805 1.12811 76 |3.815|.000
(Usage anxiety
Post-test 77 1.9870 87182
- Pre-test 77 3.3636 1.19659 76 |-8.291| .000
Usage willingness
Post-test 77 4.4610 .61647

*Significant at the .05 level of confidence

As can be seen in table 2, statistically significant difference was observed in “usage
satisfaction”, “usage anxiety” and “usage willingness” tendencies of students as re-
gards AR application after using AR application at science classes. When the usage
tendencies of students who participated in the study are examined, it was found out
that there is a significant difference (t=-4.020, p<0.05) in favor of post-test between
pre-test (M=3.5288, sd=1.00564) and post-test (M=4.0278, sd=.91298) scores. Usage
anxiety tendency of students show significant difference in favor of post-test scores
(t=3.815, p<0.05) between pre-test (M=2.4805, sd=1.12811) and post-test (M=1.9870,
sd=.87182) tendencies. An examination of the usage willingness of students showed
significant difference (t=-8.291, p<0.05) in favor of post-test scores between pre-test
(M=3.3636, sd=1.19659) and post-test (M=4.4610, sd=.61647) scores. In this context,
it can be said that the students were satisfied with the AR application used in the study
and that they wanted to use it in the future, too. In addition, it can be said that the
anxiety levels before using the application decreased after the study was completed.

4 Discussion and Conclusion

The attitudes of students toward AR applications were examined under three di-
mensions. An increase in the satisfaction levels of students were observed regarding
the use of augmented reality applications in science education process. In parallel to
this finding, [34] investigated he motivation of students who were taught by AR in the
experimental group and those who were taught in the control group through tradition-
al methods. The results of the study showed that the motivation of students in the
experimental group increased and the student interviews indicated they AR applica-
tion is fun, interesting and created curiosity toward learning. The interviews also re-
vealed that the most liked applications by students are those with AR technology.
Again, similar to these findings, [11] conducted a study on the science lessons of 8%
grade students and found that majority of the students had positive attitudes toward
AR applications in lessons. Students stated that AR applications catch their attention
and increase their motivation for learning in science lessons.

Another finding from the study is that there was an increase in students’ wishes to
use AR applications. The relevant literature shows similar findings as well. In their
study, [35] emphasized that AR technology has the feature to attract attention and this
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has a positive influence on students’ desire to use AR applications. This result is in
line with results of [36].

Additionally, it was found that students’ level of anxiety regarding AR applications
decreased by the end of the study. In this regard, students expressed that AR applica-
tions are interesting, do not lead to confusion and waste of time, and the use of AR
applications is not boring or difficult. Equally, [20] found that use of AR applications
was easy for secondary school students. [37] expressed that AR applications are intri-
guing.

According to the findings of this study, AR applications offer an effective learning
setting for students, they are interesting and easy to use, bring a sense of authenticity
to the learning setting and have positive impact on the motivation toward the lessons
they are used for. By the same token, students were found to be satisfied with the AR
application in science lessons and they wish to use AR applications in other classes in
the future.
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