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Abstract:

The purpose of this study is to examine the effect of augmented reality applications on
11th grade high school students’ success in circulatory system and their attitudes towards
augmented reality application. The semi-experimental design was used as a research
pattern. In the quantitative part of the study, semi-experimental design with pretest-
posttest control group was used. In the qualitative part, a case study was conducted. The
sample of the study consists of 11th grade students studying in Siverek district of
Sanlurfa. While the students in the experimental group learned the subject of the
circulatory system with “teaching with Augmented Reality applications” the students in
the control group learned with “teaching with conventional techniques”. Circulatory
system achievement test, attitude scale towards augmented reality practices and semi-
structured interviews forms were used as data collection tools in the study. The data were
analyzed with SPSS 18 package programme. As a result of the study, it has been observed
that augmented reality applications have a positive effect on students” academic success.
When the students’” opinions about teaching with augmented reality applications are
examined, it is clearly seen that they have positive thoughts on the themes of using
augmented reality applications to be able to see them in an easier, to increase interest and
desire, to attract attention and to use technology. As a result, it was determined that
augmented reality had an impact on students' achievements and attitudes.
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1. Introduction

While explaining abstract and hard-to-understand concepts, it is really important to
improve the student teaching activities visually and intellectually by making use of
technology in this process, so that richer learning environments for students can be
created (Akpinar et al., 2005). In this way, a learning environment in which meaningful
learning is ensured and positive attitudes develop can be formed. At this point, it is
considered beneficial to use the augmented reality (AR) applications, which have an
important potential, in learning environments (Somyiirek, 2014). One of the most
important features of AR technologies is that real environment and virtual objects come
together at the same time (Azuma, 1997). AR applications combine the real and virtual,
provide simultaneous interaction, and also include three-dimensional objects (Azuma,
1997). With AR technology, virtual objects such as text, graphics, audio, video, animation
and GPS location information are added to the real-world image (Delello, 2014).

The content of the subjects and the number of terms in the biology course is very
large and there are many abstract concepts. That is why it becomes difficult for students
to understand biological concepts and terms. There are many studies on students'
understanding of biological concepts (Tunnicliffe & Reiss, 1999; Bahar, Johnstone &
Hansell, 1999; Lin, 2003; Tekkaya & Balci, 2003; Kazanci, 2005; Saka, 2006). When the
literature is examined, it is seen that the subject of the human circulatory system is one of
the biology subjects that students have difficulty in understanding, and have
misconceptions (Arnaudin & Mintzes, 1985; Yip, 1998; Tekkaya, Ozkan & Sungur, 2001).
In this study, Augmented Reality applications were used to make abstract concepts about
the circulatory system more meaningful for students. In this direction, it is thought that
the use of augmented reality applications will be effective in increasing the success of the
11th grade students in the circulatory system and improving their positive attitudes
towards the application of augmented reality.

Considering the literature, it is seen that there are very few studies investigating
the effect of augmented reality applications on the teaching of biology subjects in Turkey
(Kiiciik, 2015). However, there is no study investigating the effect of augmented reality
applications on the success of the 11th grade students in the circulatory system.
Considering this situation, it can be suggested that the data obtained from the research
will reveal important results on the subject of the circulatory system and the use of AR
applications in educational environments. In addition, the fact that large circulatory
system, small circulatory system, the structure of the heart, the functioning of the heart
and the shape of the heart are among the subjects that students have difficulty in learning
about the circulatory system shows the importance of this research (Sungur & Tekkaya,
2003; Tekkaya et al., 2000; Yesilyurt & Giil, 2012). The purpose of this study is to reveal
the effect of augmented reality applications on the academic achievement of the 11th
grade high school students in the circulatory system and their attitudes towards
augmented reality applications. In addition, students' views on teaching with augmented
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reality applications were also examined. In line with the purpose of the research, answers
to the following questions will be sought.

1) Is there a significant difference between the academic achievement scores of the
experimental and control groups in the pre-test circulatory system?

2) Is there a significant difference between the academic achievement scores of the
experimental and control groups in the post-test circulatory system?

3) Is there a significant difference between the academic achievement scores of the
control group in the pre-test and post-test circulatory system?

4) Is there a significant difference between the academic achievement scores of the
experimental group in the pre-test and post-test circulatory system?

5) What is the effect of the augmented reality applications on the attitudes of the 11th
grade high school students towards the augmented reality applications among the
experimental group students?

6) What are the opinions of the students in the experimental group about teaching
with augmented reality applications?

For the first time, Tom Caudell had used the augmented reality applications to
assist workers in their training (Caudell & Mizell, 1992). Augmented reality applications
are used in the field of education, especially because of 3D objects (Shelton, 2002). It is
thought that augmented reality applications increase students' interest and motivation as
they provide interaction between the real and virtual world (Chen & Tsai, 2012). In the
Horizon Report published in 2012, the augmented reality was also mentioned among the
educational technologies whose use in education was expected to be of great benefit (Akt
Johnson, Adams & Cummins, 2012). When the studies conducted in Turkey on the use of
augmented reality in education are examined, it is seen that the first thesis study was
done by Ibili (2013) in order to develop augmented reality materials for the geometry
course, to apply it to the students and to investigate its effect. The augmented reality
program, ARGE3D, was used. The study was carried out with a total of 100 students
consisting of the 6th grade primary school students (Ibili, 2013).

2. Material and Methods

2.1 The Experimental Design of the Study

The quasi-experimental design was used in this study. While the effect of the method
applied in experimental research is determined by quantitative data, information and
evidence about what the participants have experienced during the method process and
how the method was actually processed are provided through qualitative data (Creswell,
2011). In this study, quantitative data collection tools were used to measure students'
achievement and attitudes. Qualitative data of the research were collected through semi-
structured interviews. The circulatory system achievement test, which is a quantitative
data collection tool, was applied both as a pre-test at the beginning and as a post-test at
the end of the application. The augmented reality attitude scale was applied only to the
students in the experimental group as a post-test at the end of the application. Semi-
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structured interviews, which are qualitative data collection tools, were used only at the
end of the application.

The quantitative method applied in the study is quasi-experimental, as the
students could not be randomly assigned to the experimental and research groups by
being randomly selected from the population (Fraenkel & Wallen, 2000). In the study,
one of the two classes, in a public school, whose education level is 11th grade, was
randomly selected as the experimental group and the other as the control group. The
quasi-experimental design of the research is given in Table 1.

Table 1: Quasi-Experimental Design with Pre-test and Post-test Control Group

Pre-test Application Post-test
Experimental Achievement Teaching with Achievement test/
Group test AR applications AR attitude scale
Control Achievement Teaching with direct Achievement
Group test instruction method Test

2.2 Study Group

The study group of the research consists of the students of the classrooms 11.I and 11.L
studying at a high school in Siverek district of Sanlurfa province in 2019-2020 academic
year. The assignment of experimental and control groups from the above-mentioned
classrooms was performed randomly, and 34 students of the classroom 11-1 were
determined as the experimental group, and 34 students of the classroom 11-L as the
control group. The study was conducted with a total of 68 students.

2.3 Data Collection Tools

In the research, circulatory system achievement test, attitude scale towards augmented
reality applications and semi-structured interview form were used as data collection
tools.

2.3.1 Circulatory System Achievement Test

In order to prepare the circulatory system achievement test, a pool of 25 multiple-choice
questions was created in accordance with the learning outcomes of the circulatory system
for the 11th grade students. For the reliability study, the test was first applied to 130
students, of the 11th grade, with similar characteristics at another high school in Siverek.
5 questions were removed from the test by calculating their validity and reliability. The
Cronbach Alpha reliability coefficient of the test was calculated as 0.81, and the results
are shown in Table 2. As a result, the Circulatory System Achievement Test consists of 20
multiple-choice questions (Appendix 1). The correct answer to each question was
calculated by giving 1 point, out of 20 points. Adjustments were made in the circulatory
system achievement test by receiving expert opinion during the preparation of the
questions and at the end of the application. Then, it was applied as pre-test and post-test
to a total of 68 students, 34 of whom were in the experimental group and 34 in the control

group.
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2.3.2 Augmented Reality Applications Attitude Scale (ARAAS)

The Augmented Reality Applications Attitude Scale that was developed by Kiigiik S.,
Yilmaz R., Baydas O. and Goktas Y. (2014) was used in this study. The scale consists of
tifteen items, nine of which are positive and six of which are negative, and three sub-
dimensions (Appendix 2). As a result of the explanatory factor analysis performed to
ensure the construct validity of the scale, a three-factor structure consisting of 15 items
was obtained. The internal consistency reliability coefficient of ARAAS was found as .83
by Kiigiik S., Yilmaz R., Baydas O. and Goktas Y. (2014). This result shows that ARAAS
is a valid and reliable measurement tool. Prior to the study, the necessary permission was
obtained for the use of ARAAS.

2.3.3 Semi-Structured Interview Form
A semi-structured interview form was applied to 10 randomly selected students in the
experimental group. The interviews were recorded with a voice recorder with the
permission of the participating students. Before the interview, the students were
informed about it. The questions in the interview are listed below:
e What are your general thoughts about augmented reality technology (such as its
reality, usefulness)?
e What do you think are the advantages of augmented reality applications?
e Which of the augmented reality applications used in the lesson attracted your
attention the most? Why?
e How do you think augmented reality technology affects your approach to biology
course (interest, motivation, desire, etc.)?
e What are the problems that you face when studying with augmented reality
technology? What do you think can be done about these problems?
e How did you feel when using augmented reality technology?
e Do you want augmented reality technology to be used in other subjects and
courses? In which subjects or courses do you want it to be used? Why?

2.4 Data Analysis
The main data sources in this research are the circulatory system achievement test, the
augmented reality applications attitude scale and the semi-structured interviews.
Achievement test and attitude scale are quantitative data sources by their nature.
Therefore, in this research, the circulatory system achievement test and the augmented
reality applications attitude scale are analyzed by quantitative methods. The data was
analyzed with the SPSS 18.00 program. Independent t-test was applied to examine the
effect of augmented reality applications on students' academic achievement and to make
statistically significant comments. Significance level was accepted as .05.

The data obtained from semi-structured interviews was analyzed by qualitative
methods. After performing the augmented reality application with 10 students in the
experimental group, the data obtained from the semi-structured interview forms were
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subjected to descriptive analysis in order to reveal their thoughts about the teaching
process.

3. Findings

In the study conducted with 68 students studying in the Siverek district of Sanliurfa
province, the circulatory system achievement test and augmented reality attitude scale
were applied, and statistical data analyzes were made to reveal whether there was a
significant difference between the experimental and control groups.

Independent groups t-test was performed to determine whether there was a
statistically significant difference between the pre-test achievement scores of the
experimental and control groups. The analyzes of the obtained data are presented in
Table 3.

Table 2: Independent Groups T-test Analysis of Pre-Test
Achievement Scores of Experimental and Control Groups

Group n X SD t df p
Experimental 34 5.61 1.89
Control 34 5.67 2.34 0.114 66 0.91

As a result of the test, it was found that the variances of the experimental and control
groups were equal (F=2.24; p=0.91). The results of the analysis showed a 0.06-point
difference between the mean pre-test scores of the experimental group (X = 5.61, SD =
1.89) and the mean pre-test scores of the control group (X =5.67, SD = 2.34). It is seen that
the difference between the mean pre-test achievement score of the experimental group
and that of control group is not statistically significant (t (66) =0.114 p> .05). In other
words, the results of the analysis show that the students in the experimental and control
groups are equivalent to each other in terms of achievement levels in the circulatory
system before the application.

Independent groups t-test was performed to determine whether there was a
statistically significant difference between the pre-test and post-test achievement scores
of the control group. The analyses of the obtained data are presented in Table 3.

Table 3: Independent Groups T-test Analysis of the Pre-Test
and Post-Test Achievement Scores of the Control Group

Test Type n X SD t df p
Pre-Test 34 5.67 2.34

15. .
Post-Test 34 15.97 3.13 56 33 0.00

When the data in Table 3 was examined, it was seen that the mean pre-test score of the
circulatory system achievement test of the control group was 5.67 and the standard
deviation was 2.34 while their mean post-test score was 15.97, and the standard deviation
was 3.13. Considering the pre-test and post-test results, a significant difference is found
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between the circulatory system achievement scores in the control group (t (33) = 15.6;
p<.05). These findings lead to the conclusion that the achievement of the control group
students in the circulatory system brought about a change in the process, the application
period of which was 2 weeks.

Independent groups t-test was performed to determine whether there was a
statistically significant difference between the pre-test and post-test achievement scores
of the experimental group. The analyses of the obtained data are presented in Table 4.

Table 4: Independent Groups T-test Analysis of the Pre-Test
and Post-Test Achievement Scores of the Experimental Group

Test Type n X SD t df p
Pre-Test 34 5.61 1.89
Post-Test 34 16.91 1.81 27 33 0.00

When the data in Table 4 was examined, it was seen that the mean pre-test score of the
circulatory system achievement test of the experimental group was 5.61 and the standard
deviation was 1.89 while their mean post-test score was 16.91, and the standard deviation
was 1.81. There is a significant difference between the pre - test and post-test scores of the
experimental group (t(33)= 27; p<.05). These findings lead to the conclusion that the
achievement of the experimental group students in the circulatory system brought about
a change in the process, the application period of which was 2 weeks.

Independent groups t-test was performed to determine whether there was a
statistically significant difference between the post-test achievement scores of the

experimental and control groups. The analyses of the obtained data are presented in
Table 5.

Table 5: Independent Groups T-test Analysis of Post-Test
Achievement Scores of Experimental and Control Groups

Group n X SD t df p
Experimental 34 16.91 1.81
Control 34 15.97 3.13 151 66 0.13

As a result of the test, it was found that the variances of the experimental and control
groups were not equal (F=15.0; p=0.13). The analysis results showed a difference of 0.94
point, in favour of the experimental group, between the post-test achievement score of
the experimental group (X =16.91, SD = 1.81) and that of the control group (X =15.97, SD
=3.13). It is seen that the difference between the mean post-test achievement score of the
experimental group and that of control group is not statistically significant (t (66) =1.51
p> .05). According to this result, there is no significant difference between the
achievement of the experimental group taught with AR applications and the control
group students taught with traditional method.

In order to determine the attitudes of the students in the experimental group
towards the augmented reality applications, the "Augmented Reality Applications
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Attitude Scale" consisting of 15 items of 5-point Likert type developed by Kiigiik et al.,
(2014) was used. The items in the scale were divided into 3 categories according to the
attitudes they measured, and scored according to the marking of the students.
Descriptive analyses were performed according to the scores, and the attitudes of the
students towards the augmented reality applications were shown in 3 separate tables as
follows: using satisfaction , using anxiety and using willingness.

Table 6: Students' Attitudes Towards Satisfaction
with Using the Augmented Reality Applications

N X SD Xitotal
Item 1 34 4.55 .70
Item 2 34 4.26 .99
Item 3 34 4.67 .53
Item 4 34 4.55 .61 4.47
Item 5 34 4.55 .61
Item 6 34 4.50 .66
Item 7 34 4.26 .79

The mean point of the answers given by the students to the items related to "Using
Anxiety", which indicates six negative statements, was calculated as 4.52 out of five
points. Since this item was negative, it was calculated by giving five points to the
statement "Strongly Disagree" and one point to the statement "Strongly Agree".
Accordingly, it is seen that the students do not have anxiety when using the augmented
reality application in the lesson.

Table 7: Students' Attitudes Towards Anxiety about Using the Augmented Reality Applications

n X SD Xtotal
Item 8 34 4.58 .65
Item 9 34 4.61 .55
Item 10 34 4.52 .78 4.52
Item 11 34 4.47 .66
Item 12 34 4.52 .66
Item 13 34 4.44 .70

The mean point of the answers given by the students to the items related to "Using
Anxiety", which indicates six negative statements, was calculated as 4.52 out of five
points. Since this item was negative, it was calculated by giving five points to the
statement "Strongly Disagree" and one point to the statement "Strongly Agree".
Accordingly, it is seen that the students do not have anxiety when using the augmented
reality application in the lesson.

Table 8: Students' Attitudes Towards Willingness to Use the Augmented Reality Applications

n X SD Xtotal
34 4.61 .65 462
34 4.64 81
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The mean point of the answers given by the students to the items related to "Using
Willingness", which indicates two positive statements, was calculated as 4.62 out of five
points. This clearly shows that students want to use augmented reality applications in
the future and in other courses.

Table 9: Opinions of Students about Teaching with Augmented Reality Applications

Percent Frequency

Th

eme (%) ®

Ease of use 10 100

Seeing more clearly and understandably 6 60

Increasing interest and willingness 8 80

.. Drawing attention 10 100
Positive -

Using technology 8 80

Active participation 8 80

3D image 9 90

Realistic image 7 70

Negative Not aPPlicable to every subject 4 40

Insufficiency of technology 5 50

10 randomly-selected students in the experimental group studying in the augmented
reality group stated that the augmented reality applications were easy to use. Some
sample statements related to this theme are as follows:

“I understood the subject very easily. Now I can explain these practices to someone else. |
had no difficulty using augmented reality applications.” (51)

“I was able to open the applications myself and observe them easily over the phone.” (S5)

“It allowed me to see the visuals in the course book close to reality without any problems.
The structure of the heart and its functioning mechanism were the subjects I learned the
best, and I had no difficulty. Applications were easy and understandable.” (S6)

6 out of 10 students randomly-selected from the experimental group studying in
the AR group stated that they could learn the subject more clearly and comprehensibly
thanks to AR applications. Some sample statements related to this theme are as follows:

“I understood the subject better because the lessons were very entertaining. With “Body
4D" application, I easily grasped the structure of the heart. We observed the subject of large
and small circulatory system on the t-shirt on our friend. In addition, when we held the
phone to the image showing the large circulatory system, we watched the audio video
explaining the subject. In the same way, when we held the phone to the image showing the
small circulatory system, we watched the video explaining the subject. Thanks to this, I
understood this subject very well.” (S3)
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“The heart caught my attention. It's the first time I've seen the heart so real. In this way,
the structure of the heart became more understandable to me.” (S4)

“Thanks to augmented reality applications, I understood the subject better. The lessons
were very enjoyable. It was as if I had left the virtual world and returned to the real world.”
(S7)

“I really liked augmented reality technology. I was curious about the subject because it
caught my attention. The applications were very effective to allow me to keep the subject
in my mind and learn it.” (59)

8 out of 10 students randomly-selected from the experimental group studying in
the augmented reality group stated that augmented reality applications were effective in
increasing interest and willingness. Some of the sample statements in line with the
answers given by the students are given below:

“I really liked augmented reality technology. If it is rendered common, the interest of all
students in the course will increase like mine. In this way, I think that I will study more
efficiently.” (S1)

“I was very excited to see the features of the organs live and to open the videos when I held
the application on the visuals in the textbook. My interest in the subject and the lesson
increased. That's why I'm happy.” (52)

“Thanks to the augmented reality applications in the course, 1 was never bored. The heart
and the vessels in our body became 3D thanks to the application on the phone. I even held
the heart in my hand and our teacher took a picture of it and showed it to me. This increased
my interest and willingness for the course even more.” (S8)

“My interest in biology increased. I realized that it was a more fun lesson than I thought.
We turned and observed all parts of the heart.” (510)

10 randomly-selected students in the experimental group studying in the
augmented reality group stated that the augmented reality applications caught their
attention. Some sample statements related to this theme are as follows:

“The fact that the heart picture in the book was shown in 3D and explained with videos
caught my attention the most. It was very enjoyable to see the chambers of the heart,
arteries and veins more closely.” (S3)
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“There was a picture showing the large and small circulatory system on the T-shirt. When
I held the phone to the t-shirt with the augmented reality application, the video explaining
the subject appeared. For the first time, I've seen such a thing.” (54)

“It was remarkable to see the heart in my hand 3D through "Body 4D" application. It was
very fun for me. At every stage of the course, I waited with curiosity what kind of
application we would do now.” (56)

“Seeing the chambers of the heart and the aorta in detail attracted my attention the most.”
(57)

8 out of 10 students randomly-selected from the experimental group studying in
the augmented reality group had positive statements about the use of technology. Some
sample statements related to this theme are as follows:

“It was a great feeling to use the technology in the lesson. Thanks to technology, I learned
more about the subject. And it was a great advantage that it was easy to use.” (S1)

“When I listen to the lesson only from the teacher, I can get distracted after a while. I do
not experience this situation with the use of technology in the classroom. It has been very
useful to me in this sense. I'd like it to be used in all classes.” (S2)

“I learned the visuals of the books in detail with the HP Reveal application. This was
thanks to the use of technology in the lesson. The subject of the course caught my attention
more because of this. Technology should now be used in all our lessons.” (S8)

“I see the heart picture in the textbooks. But I've never seen it in 3D. I learnt it that it
was because of "Body 4D" application. It's all thanks to technology. I think using
technology in lessons is very beneficial for students.” (S9)

8 out of 10 students randomly-selected from the experimental group studying in
the augmented reality group stated that they actively participated in the lesson taught
with augmented reality applications. Some sample statements related to this theme are
as follows:

“It made me more active in the lesson. That way I can learn easily. It changed my views
on the course in a positive sense.” (54)

“It made me follow the lesson better and more actively. The lesson was more fun and
enjoyable. AR applications put me in an active mode, and not in a sleepy mode.” (S5)
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“I felt that I was more active in the lesson because I personally did the augmented reality
applications in the lesson. It allowed me to keep the topics in my mind and get more
efficiency.” (S8)

“I saw the heart in my hand in 3D using "Body 4D" application. I used all these AR
applications in the course by doing and experiencing. Thanks to this, I felt more active
during the lesson. This made me happy.” (510)

9 out of 10 students randomly-selected from the experimental group studying in
the augmented reality group had positive statements about the theme of 3-dimensional
image formation in AR applications. Some sample statements related to this theme are as
follows:

“I was most impressed by the fact that the heart picture in the book was shown in 3D and
explained with videos.” (S1)

“The fact that the photo became 3D on the phone increased my interest in the lesson. I had
the opportunity to see the heart and the vessels in detail. (S2)

“A simple photograph officially came to life thanks to the augmented reality application.
This made me very excited.” (S3)

“There were some visuals on the book. When I held the camera of the augmented  reality
application on the phone to the images, I was very surprised to see them in 3D.” (56)

7 out of 10 students randomly-selected from the experimental group studying in
the augmented reality group had positive statements that AR applications provided a
realistic image. Some sample statements related to this theme are as follows:

“The heart image caught my attention. That is because it is the first time I 've seen the heart
so real.” (54)

“I was very excited that the images were realistic when using augmented reality
applications. This is the first time I've seen such a realistic technology.” (S7)

“I saw the structures related to the circulatory system as if they really existed in the
classroom. We saw the heart, the vessels ins in the structure of the heart, and the vessels
in our body in the classroom environment. It was so realistic that we were even
photographed with the heart.” (S8)

“Seeing the organs visually and audibly enabled them to be kept in mind. Thanks to AR
applications, 1 both saw the structures in the circulatory system as if they were real, and
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listened to the information about these structures. Thanks to this, I understood the topic
better.” (S9)

4 out of 10 students randomly selected from the experimental group studying in
the augmented reality group had negative statements about the inability to apply
augmented reality applications to every subject. Some sample statements related to this
theme are as follows:

“I would like to use the augmented reality application in physics, chemistry and
mathematics courses. But I have never seen such an application in every lesson and subject.
[ would like to use augmented reality applications for all subjects.” (S3)

“In the biology course, we saw different augmented reality applications related to the
structure of the heart, and large and small circulatory systems. But I don't think it can be
applied to every subject in biology course.” (56)

5 out of 10 students randomly selected from the experimental group studying in
the augmented reality group had negative statements about the insufficiency of
technology in the use of AR applications. Some sample statements related to this theme
are as follows:

“I think every student should have a tablet. Because when you stick to a source, it
progresses group by group. This may cause some confusion.” (S1)

“Better improvements can be made regarding the augmented reality applications. I wish
my own phone or tablet had these applications and I could spend more time.” (54)

“Sometimes technical problems may occur while using the augmented reality applications.
For example, the image on the application may not be detected by the camera immediately.”
(S7)

4. Results and Discussion

In this study, the effects of the augmented reality applications on the academic success of
the students in the circulatory system in the 11th Grade Biology course, and on their
attitudes towards the augmented reality applications, and the results were examined by
making semi-structured interviews with the students. The results of the studies carried
out for this purpose are as follows:

Prior to application, an achievement test was prepared and applied to 130 students
at a high school in Siverek. According to the data obtained, its reliability and validity
were calculated by receiving expert opinion. When the scores of the pre-tests applied to
the experimental and control groups are analysed, there is no statistically significant
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difference in the pre-test results. This situation shows us that the knowledge levels of the
groups about the Biology lesson "Circulatory System" before the application were similar.
After the application, the subject of the circulatory system was taught with the direct
instruction method, and the post-test was applied to the control group students. When
the pre-test and post-test scores of the control group were analysed, a statistically
significant difference was found between the groups. This shows that it has a positive
effect on the academic achievement of the control group students, for whom the
circulatory system subject is taught with the direct instruction method. After the
application, the subject of circulatory system was taught with the augmented reality
applications, and a post-test was applied to the experimental group students. When the
pre-test and post-test scores of the experimental group were analysed, a statistically
significant difference was found between the groups. This shows that the augmented
reality applications have a positive effect on the academic achievement of the
experimental group students, for whom the circulatory system subject is taught with
these applications.

It was concluded that the post-test achievements of the students in the
experimental group, who were included in the teaching process with augmented reality
applications, in the circulatory system were not significantly different compared to the
post-test achievements of the control group students, who were included in the teaching
process with the direct instruction method. This may be due to the fact that the
achievement levels of the students in both the control and experimental groups of the
study were high and equal to each other. In addition, the reasons such as "difficulty of
holding both the pointer and the phone" encountered by the experimental group taught
with the augmented reality applications may have affected it.

There are also some studies that concluded that augmented reality applications do
not positively affect the academic achievement of students. Cetin (2019) used the material
that she developed with the AR application in the lessons, and observed that the use of
the AR application did not have a significant effect on the academic achievement of the
students. Erbas (2016) concluded that the mobile augmented reality applications do not
make a significant difference in the academic achievement of students. Giin and Atasoy
(2017) concluded that the applications of augmented reality in mathematics lessons did
not have a positive effect on the academic achievement of students. Yen et al. (2012)
explained the phases of the moon to university students with an augmented reality
application and stated that there was no significant difference in the academic
achievement of the students. The results reported by these researchers support the results
of this study.

Some of the studies reviewed in the literature show that augmented reality
applications have a positive effect on students' achievement (Kirikkaya & Sentiirk 2018;
Ozdemir, 2017; Ozdemir et al., 2018; Sirakaya, 2015; Sahin, 2017; Yildirim, 2018;
Abdiisselam & Karal 2012; Demirel, 2017; Eroglu, 2018). Some of the reasons for the
success of augmented reality applications, e.g. providing a fun learning environment
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(Erbas, 2016; Korucu et al., 2016) and encountering a new technology by students (Kiigtik,
2015), may have had a positive effect.

After the application, the students' attitude scale towards augmented reality
applications was applied as a post-test to the experimental group students who were
taught using the augmented reality application. When the data on the augmented reality
applications was examined, it was determined that the students were satisfied with the
use of the augmented reality applications, and they did not have any anxiety when using
the augmented reality applications. At the same time, it was found that they wanted to
use augmented reality applications in other courses. There are some theses that are
parallel to the results of the study (Yusoff & Dahlan, 2013; Chang & Liu, 2013). According
to these results, Yusoff and Dahlan (2013) observed in their research that AR has the
ability to attract attention. In addition, they concluded that the students were more
willing to participate in the course thanks to augmented reality applications. The use of
augmented reality applications is considered to be enjoyable for students. It is seen that
there are also studies stating that augmented reality technology is easy to use for students
(Chang & Liu, 2013) and that students want to use augmented reality applications again
and that they are satisfied with the use of AR applications (Ozarslan, 2013; Giin, 2014;
Tagkiran et al., 2015).

In augmented reality applications, it can be perceived as magic by students
because of the 3-dimensional appearance of the visuals on the pointers (Billinghurst, Kato
& Poupyrev, 2001). Atasoy, Giin Tosik and Kocaman Karoglu (2017) examined the
attitudes and motivation levels of secondary school students towards AR applications. In
their study, a positive relationship was found between attitudes and motivation levels.
Izgi Onbasili (2018) investigated the effects of AR applications on students' attitudes and
motivations. It was concluded that there is a positive relationship between students' AR
attitudes and their motivation. When these results are examined, it is seen that they are
in harmony with the results of the study. The views of the students who were involved
in the teaching process with augmented reality applications were revealed through semi-
structured interviews after the application. It is seen that the frequency is 100% in the
table created with the participation of 10 students within the scope of the theme of "ease
of use". According to this result, the fact that the applications have a detailed content, that
Body 4D and Hp Reveal applications can be opened easily on a mobile device and that
students have the opportunity to observe individually show that they have a facilitating
effect on learning. It seems to be in harmony with the studies supporting this in the
literature (Wojciechowski & Cellary 2013; Tagkiran et al., 2015).

When we look at the theme of "Seeing more clearly and understandably” in the
semi-structured interviews with augmented reality applications, 60% of the students
think that the applications provide a fun teaching environment, the time is productive
and enjoyable during the lesson, and the attention of the students is attracted, all of which
make the subject more clear and understandable. When the students' opinions on the
theme of 'increasing interest and willingness' are examined, 80% of them state that the
subject, which is explained with augmented reality applications, has increased their
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interest and willingness. When the students' opinions on the theme of "drawing
attention" were examined, 100% of them stated that augmented reality applications
attracted their attention and thus they found the lesson more enjoyable. When the
literature is examined, it is seen that the study is in harmony with the studies showing
that the augmented reality applications are found remarkable by the students due to
these features (Wojciechowski & Cellary, 2013; Andujar et al., 2010; Bujak et al., 2013).

When the students' opinions on the theme of "use of technology" were examined,
80% of the students stated that they learned the subject in more detail and found it very
useful because it attracted their attention thanks to the use of technology. Considering
the students' views on the "active participation" theme, 80% of them stated that they were
more active in the lesson thanks to augmented reality applications. They stated that the
lesson was fun, they got more efficiency and therefore they were happy when they
actively participated. Examining the opinions of the students on the theme of "3-
dimensional image", 90% of them mentioned that the augmented reality applications
providing 3D images increased their interest in the lesson and caused excitement.
Considering the students' views on the theme of "realistic image", 70% of the 10
participants stated that they understood the lesson better and were able to keep it in their
mind more thanks to the augmented reality applications providing realistic images.
When the students' views on the theme of "not applicable to every subject" were
examined, 40% of the participants stated that augmented reality applications could not
be applied to every subject, and they wanted to see augmented reality applications in all
lessons. When the students' opinions on the theme of "insufficiency of technology" were
examined, 50% of the participants said that technology was insufficient in the augmented
reality applications. In particular, they mentioned the negative aspects of not having a
tablet by each student.

5. Recommendations

Based on the findings of this study, recommendations related to the augmented reality
applications can be presented.

e In the study, it was seen that the augmented reality applications attracted the
attention of the students and they developed a positive attitude towards the
augmented reality applications. For this reason, augmented reality applications
can be used in all courses.

e Augmented reality applications can be adversely affected by factors such as the
light of the environment, the internet reception, and the camera features. In order
to prevent these situations, an augmented reality application class can be opened
in each school. Augmented reality glasses can be used in these classes.

e While this study was being conducted, it was observed that the students did not
have any knowledge about augmented reality applications. In order for
augmented reality applications to be widely used in lessons, teachers can be
trained by the Ministry of National Education and augmented reality applications
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can be included in the textbooks. Thus, students can gain knowledge about
augmented reality and the ability to use augmented reality applications.

e One of the shortcomings associated with augmented reality applications is the lack
of augmented reality applications that are easily accessible by teachers and the
lack of tablets, computers and 3D glasses necessary to use these applications. For
this reason, the necessary infrastructure and equipment should be provided for
teaching with augmented reality applications in schools. In addition, augmented
reality applications can be included in biology textbooks.

e Augmented reality applications are adversely affected by physical factors such as
light of environment, the print quality of the pointer, or the absence of a tablet
possessed by each student. In order to avoid the problems arising from the
situations mentioned during the application process, each student can be provided
with a tablet and a pointer image and they can be observed at the same time.

e While the students were using the augmented reality applications, the fact that the
programs were in foreign languages made it difficult for the students to use the
application. The Turkish language support of the applications can be developed
and students can access them more easily. The number of augmented reality
applications that do not need the Internet can be increased.
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Appendices
Appendix 1: The 11th Grade Circulatory System Achievement Test

Name Surname:
Class:

No:

Score:

1) Which of the following vessels does not the blood pass through in the human large
circulatory system?

A) Aortic artery,

B) Pulmonary artery,

C) Renal artery,

D) Upper main vein,

E) Hepatic artery.

2) Which of the following vessels supplies the heart with nutrients and oxygen?
A) Aortic artery,
B) Coronary vessels,
C) Pulmonary artery,
D) Lower main vein,
E) Pulmonary vein.

3) Which of the following statements about the structure of the human heart is wrong?

A) There is a triple valve between the right atrium and the right ventricle, and a
double valve between the left atrium and the left ventricle.

B)The left ventricular wall is relatively thicker than the right ventricular wall.

C) The heart consists of the endocardium, pericardium, and myocardium from the
outside to the inside.

D) On the right side of the heart is oxygen-poor, carbon dioxide-rich blood.

E) The aortic artery leaves the left ventricle of the heart and distributes blood
throughout the body.

4) Regarding the structure of the heart

a) Myocardium is the innermost layer of the heart walls.

b) The pericardium, which covers the outside of the heart, is a double-layered
membrane that contains fluid between it.

c) The bundles of sensation that carry impulses to the ventricles are specialized
muscle fibres.
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4) Which of the statements above is correct?
A) Only a)
B) Only b)
C) Only ¢)
D) a) and b)
E) b) and ¢)

5) Regarding the large circulatory system:
a) It is between the heart and the lungs.
b) It starts in the left ventricle of the heart and ends in the right atrium.
c) Arteries in the large circulatory system carry oxygen-rich blood.

Which of the statements above is correct?
A) Only a)
B) Only c)
C) a) and b)
D) b) and ¢)
E) a), b) and c)
6) Some parts of the human heart are schematized below.

Which of the following cannot be said about the numbered parts?
A) II and III are the arteries that carry blood away from the heart.
B) I and IV are the veins that bring blood to the heart.
C) Small circulatory system begins with II, ends with IV.
D) Large circulatory system begins with III, ends with I.
E) Il is the pulmonary vein that carries oxygen-poor blood.

7) Which of the following vessels does not contain oxygen-rich blood?
A) Hepatic artery
B) Pulmonary vein
C) Renal artery
D) Pulmonary artery
E) Aortic artery

8) Which of the following statements about coronary vessels in the heart structure is
wrong?

A) They take blood from the aortic artery.

B) Their narrowing and blockage leads to a heart attack.
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C) It leaves the left atrium of the heart and distributes blood throughout the body.
D) It provides nutrition to the heart.
E) It supplies blood to the heart's own muscles.

9) Which of the following does not occur when the ventricles of the heart contract in a
healthy person?
a) Oxygen-rich blood is pumped into the aortic artery.
b) Oxygen-poor blood is pumped into the pulmonary artery.
c) The blood in the atria is discharged into the ventricles.
A) Only a),
B) Only b),
C) Only ¢),
D) a) and c),
E) b) and ¢).

10) Which of the following is performed by the small circulatory system in humans?
A) Distributing oxygen-rich blood throughout the body,
B) Sending nutrients to tissue cells outside the lung,
C) Enriching the blood with oxygen in the lungs,
D) Accelerating the heartbeat,
E) Returning the oxygen-poor blood to the heart by veins.

11) Which of the following does not occur during the contraction of the ventricles in the
human heart?

A) Relaxation of the right atrium,

B) Opening of the bicuspid valve,

C) Filling of oxygen-rich blood into the left atrium,

D) Pumping of the oxygen-poor blood into the lung,

E) Supply of the myocardial layer by coronary vessels.

12) The human heart is schematized below.

Which of the numbered parts contains the tricuspid valve?
A)Tand I,
B) I and 1V,
C) Il and 1V,
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D) Iand III,
E)Iand IV.

13) In humans

a) Aortic artery,

b) Pulmonary vein,

c) Pulmonary artery,

d) Upper main vein,

e) Lower main vein.

How many of the vessels above are involved in the large circulatory system?

14) Teacher Hatice, in the Science course, asks her students, "What are the beginning and
ending parts of the large circulatory system in the human heart?". Accordingly, which of
the following options selected by students will be the correct answer of Teacher Hatice's
question?

A) Right atrium - left ventricle,

B) Left atrium - right ventricle,

C) Left ventricle - right atrium,

D) Right ventricle - left atrium,

E) Left ventricle - left atrium.

15) Which of the following is wrong about the heart of a healthy person?
A) The human heart consists of four chambers.
B) Our heart muscles work against our will.
C) The heart is located in the thoracic cavity.
D) The heart contracts and relaxes, pumping blood throughout the body.
E) The heart is closer to the right lung.

16) Some characteristics of a vessel in the human circulatory system are:
e It comes out of the left ventricle.
e It carries oxygen-rich blood.
e [t carries blood from the heart to the organs of the body.
To which of the following vessels do these characteristics belong?
A) Aortic artery,
B) Pulmonary vein,
C) Pulmonary artery,
D) Upper main vein,
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E) Pulmonary vein.

17) The human heart is schematized below.

Which of the following statements about the numbered parts is wrong?
A) Part I is the right atrium.
B) Between Part I and Il is the tricuspid valve.
C) The blood returning from the lungs comes to Part III of the heart.
D) When the blood in Part IV gets out of the heart, the large circulatory system
begins.
E) Part III and IV contain oxygen-poor blood.

18) Which of the following is a common feature of the bicuspid valve and the tricuspid
valve?

A) They are located between the right atrium and the left atrium.

B) They function in the flow of blood from the ventricles to the atria.

C) They function in the flow of blood from the atria to the ventricles.

D) They are located between the left ventricle and the right ventricle.

E) They function in the passage of blood into the arteries by contraction of the
ventricles.

19) Which of the following statements about the structure of the human heart is wrong?
A) The endocardium consists of a thin epithelial layer.
B) The outermost pericardium has cardiac protective properties.
C) Between the two layers of the pericardium is pericardial fluid.
D) The myocardial thickness of the left ventricle is relatively greater than that of
the right ventricle.
E) Valves provide bidirectional flow of blood.

20) Which of the following statements about the human circulatory system is wrong?

A) The circulatory system functions in bringing the substances needed by the cells
into the cells and removing waste materials from the cells.

B) The circulatory system consists of blood, vessels and heart.

C) The pressure exerted by the blood on the arterial wall in the circulatory system
is called blood pressure.

D) The feeling of the rhythmic contraction and relaxation of the heart in the arteries
is called the pulse.
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E) All arteries in the circulatory system contain oxygen-rich blood.

Appendix 2: Augmented Reality Applications Attitude Scale

Dear students,

Indicate your views on the activities prepared with augmented reality on the subject of
"Circulatory System" with one of the statements "Strongly Agree", "Agree", "Neither
Agree nor Disagree", "Disagree" and "Strongly Disagree" (AR = Augmented Reality).

School: Karacadag Anatolian High School
Class/ Branch: 11-1
Gender: () Female () Male.

Items

Strongly
Agree

Agree

Neither Agree

nor Disagree

Disagree

Strongly
Disagree

1. I enjoy the lessons taught with AR activity.

2. Thanks to the AR activity, I study more for the
lesson.

3. Displaying 3D objects, videos and animations on the
book in the AR activity increases my interest in the
subject.

4. In AR activity, 3D objects give a sense of reality in
the environment.

5. When AR activity is used, I come to the classroom
more willingly.

6. When AR activity is used, I can pay better attention
to the lesson.

7. I enjoy studying at home with the AR activity.

8. I'm not interested in AR activity.

9. AR activity makes it difficult for me to learn because
it confuses me.

10. There is no need to use AR activity in classes.

11. Using AR activity in classes leads to a waste of
time.

12.1 get bored when using the AR activity.

13. It is difficult to use the AR activity.

14. I want to use AR activities in other courses as well.

15. 1 want AR activities to be included in textbooks in
the future.
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