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Abstract
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The role of technology literacy in education, which is one of the 21st century
skills that students should have, is very important. This study examines the effect
of augmented reality (AR) applications, which is a new technology, on students'
academic achievement and the level of recalling the learned knowledge. In this
study, quasi-experimental design with pretest-posttest control group, one of the
quantitative research methods, was used. The study was carried out with a total
of 50 students, 24 in control and 26 in experimental groups, studying in the 6 th
grade of a secondary school in the Odunpazarı district of Eskisehir. The study
lasted for 9 weeks, covering the Solar System and Eclipses unit and the Systems
in Our Body unit of the 6th grade Science curriculum. During the process, the
lessons instructed in the experimental group (EG) were supported by AR
applications, whereas only the textbook was used in the control group (CG). The
tools used in data collection were “the Solar System and the Systems in Our
Body achievement test”, developed by the researcher and a semi-structured
interview form for AR applications. Independent samples t-test, covariance
analysis (ANCOVA) and descriptive analysis were used in the analysis of the
data obtained from the achievement test. Content analysis was used in the
analysis of the data obtained from the interview form. As a result of the research,
it was observed that the use of AR applications in the processing of the course
was effective in increasing the academic success of the students in the EG and in
the permanence of the information they learned compared to the students in the
CG, who only used the textbook. In addition the following findings were
revealed: students have not used AR applications before, these applications were
effective in increasing the academic success of the students, the knowledge that
they have learned was permanent mostly because of the 3D feature of the
technology, the applications worked smoothly and it may be useful to use them
in other courses. Based on these results, it is suggested to use AR applications
more frequently and actively in all topics of science and in all grade levels of
secondary school.
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Introduction
Today, where the greatest power is knowledge, societies are shaped on the use, production and teaching of
knowledge, which is a product of science. Knowledge obtained as a result of scientific studies creates new
perspectives and new horizons. Technology is the biggest supporter of scientific studies. Science and
technology, which constantly interact by contributing to each other, continue their development at full speed. In
the 21st century, creative, innovative, entrepreneurial, flexible, responsible, information and technology literate
individuals are needed. Partnership for 21st Century Skills [P21], 2013 classified 21 st century skills under three
headings: learning and innovation skills (creativity and innovation, critical thinking and problem solving,
communication and social interaction), life and career awareness (flexibility and adaptability, entrepreneurship
and self-management, social and intercultural skills, leadership and responsibility), and information media and
technology skills (information literacy, media literacy, and information and communication technologies).
Information, media and technology literacy are the prominent skills of this study. When it comes to raising 21st
century people, we cannot think of education separately from technology. Science and technology which
determine the level of development of societies (Karasar, 2004) are an integral part of education. The countries
developed in the fields of science and technology are known to be developed in education systems as well.
Hence, many countries, especially developed countries, have conducted studies on the use of technology and
projects in education (Pamuk et al., 2013).
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The inclusion of technology in education and being used by teachers and students provides better quality
learning (Cakir & Yildirim, 2009). As it is known, the realization of learning in classical classroom settings is
very difficult. With the contribution of technology, these difficulties in learning environments disappear to a
large extent, if not completely eliminated. In order to provide more effective learning environments, new
teaching strategies, methods, techniques, tools, materials or technologies that activate student, prevent
distraction, make the topics interesting and fun are needed (Arici, 2013).
New technologies that we encounter as virtual reality (VR) and augmented reality (AR) are used in learningteaching settings in education. These technologies emerge as a topic that attracts attention in education,
becoming widespread and accepted. Computers, mobile phones, interactive whiteboards, videos, multimedia
applications, educational games and learning platforms, simulations, VR, Internet and Web 2.0 applications are
some examples of technology that are effectively used by teachers and students in educational settings (Dror,
2008). AR technology is one of the new educational technologies. AR is one of these new technologies, which
has been increasingly used with the development of technology, and whose impact on education is widely
discussed (Kucuk et al., 2014). The advantage of this new technology is creating a realistic simulation and
experimental setting (Abdusselam, 2014). According to Azuma (1997), AR is a derivative of VR. He describes
it as the settings built on the real world and supported by VR, rather than a purely virtual environment. More
generally, AR is the interpretation and presentation of virtual objects placed in predetermined places on the
image of the real world taken by camera by the computer programs (Yilmaz, 2014). Technology, which goes
into every area of our daily life, is becoming more and more indispensable with a new development every day.
AR, which is one of the new products of technology, also appears in new areas day by day. According to Azuma
(1997), AR technology consists of at least six classes: medical imaging, maintenance and repair, explanation,
robot route planning, entertainment, military aircraft navigation and targeting. Today, new fields, such as
architecture, tourism and education, are added to these fields. Thanks to the rapid information transfer it
provides, AR gains considerable potential in the areas it is used. Considering this knowledge transfer in the field
of education, it will have a very positive contribution to education. AR technology will eliminate many
obstacles in education with the opportunity to interact with virtual objects on the real world that it provides to its
users. It is undoubtedly accepted that the application of technological innovations in education will increase the
quality of education. Regarding the recent years in the Horizon reports, which are published regularly every
year, AR technology is stated to be beneficial in education. AR technology provides diversity and makes it
possible to interact on it. However, the use, acceptance and dissemination of educational technologies are more
difficult and time consuming than other methods (Parker & Heywood, 1998). Therefore, the development of
guiding materials to teachers for the use of programs such as AR it is important (Aktamis & Arici, 2013). AR is
also very effective in developing some features expected from students, such as problem solving, group work,
multi-faceted evaluation and understanding of different perspectives (Sahin, 2017). At the same time, it
increases the academic achievement of students by extending their focus time (Abdusselam & Karal, 2012). At
this point, the development of AR applications that have an important potential and apply them in education will
be beneficial (Somyurek, 2014).
The use of educational technologies in addition to teaching materials in science lessons was reported to help
students to relate the knowledge they have learned to daily life and to learn technology (Akpinar et al., 2005).
The role of technology in science education is bigger than other fields. Technology can be used effectively in
other fields as well but regarding the role of AR in science education, it can be said that it has an important
potential thanks to its ability to concretize abstract concepts. AR applications not only concretize abstract
concepts, but also provide an opportunity to experience the settings that are difficult to access or cannot be
created on the world. From this point of view, the effects of AR technology on students in science class are
wondered. Educational technologies provide in-depth learning by concretizing abstract concepts especially for
primary school-age children since they have difficulties in learning abstract concepts (Akpinar et al., 2005). For
this reason, this study targeted the students who are at lower grades of education. On the other hand, the
literature review revealed many studies on AR, the majority of them measuring the academic success of students
and their attitude towards science course. In this study, it is aimed to investigate the effect of AR applications in
science education on the level of recalling the learned knowledge of 6th grade students. For this purpose, the
following questions were addressed.




Is there a significant difference between experimental group (EG) students’ pretest and posttest
achievement test scores?
Is there a significant difference between control group (CG) students’ pretest and posttest achievement
test scores?
Is there a significant difference between EG and CG students’ average posttest scores adjusted
according to pretest scores?
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Is there a significant difference between EG and CG students’ average recall test scores adjusted
according to posttest scores?
What are the opinions of the EG students about AR applications?

Method
Research Model
In this study, quasi-experimental design with pretest-posttest control group, which is one of the quantitative
research methods, was used to determine the effect of AR applications in science teaching on the level of
recalling the knowledge. Fraenkel et al. (2012) summarized the main idea of all experimental research as "try
something and systematically observe what is happening". The objective of the experimental studies is to test
the cause-effect relationship between the variables (Buyukozturk et al., 2009). Experimental patterns can be
divided into two, as multi-subject patterns and single-subject patterns (Buyukozturk et al., 2009). Fraenkel et al.
(2012) divided the multi-subject designs into four as weak experimental designs, real experimental designs,
quasi-experimental designs and factorial designs. Quasi-experimental design is the preferred experimental
design in educational studies, when it is impossible to control all variables (Cohen et al., 2007). In this study,
quasi-experimental design was used because all variables could not be controlled.

Study Group
The research was carried out with a total of 50 students, 22 girls and 28 boys, who were attending 6th grade of a
secondary school in Eskisehir city center during the fall semester of the 2019-2020 academic year. In order to
provide speed and convenience to the research, the sample was selected according to easily accessible criterion.
In order to prevent the ongoing education process from being interrupted, control and experimental groups were
not created artificially but were formed from existing students. While determining the control and experimental
groups, the two classes which are academically similar among the 6 th grades, with the most skillful class teacher
in terms of using technology and which are more enthusiastic about working together, were chosen. The
parental consent of a total of 7 students, 5 from the EG and 2 from the CG, could not be granted. These students
are included in the study process in order not to violate their educational rights, but the data collected from these
7 students were not included in the data set.

Research Process
The research was planned to include the first two units of the 6th grade; the Solar System and Eclipses, and the
Systems in Our Body units. The gains and concepts that cannot be acquired through AR applications are
excluded from the study. After the necessary permissions were obtained from the Provincial Directorate of
National Education and the Ethics Committee, the study was initiated with a total of 50 students, 22 girls and 28
boys, in the fall semester of the 2019-2020 academic years. At the beginning, the pretest was administered on
both the control and experimental groups that we randomly determined. The study was planned according to the
time intervals of the gains covered in the 6th grade science curriculum that are suitable for the study and lasted
for a total of nine weeks. Two weeks of these nine weeks were involving the filling of the pre-test, post-test and
interview forms. “The Solar System and the Systems in Our Body Achievement Test” was administered on the
control and experimental groups as the pretest. During the study, Space 4D, Space 4D +, Virtual Teacher 4D,
Our Body 4D, Luke AR, and Human Anatomy 4D AR applications and cards were used in the EG. During the
study process, the researcher installed AR applications on the phone and tablet and actively used them. In
addition, students who have a smartphone or tablet were asked to bring their devices to the lesson and AR
applications were installed on the devices and made ready for the lesson.
Regarding the Solar System and Eclipses unit, two activities were carried out in the EG. The topics and concepts
of this unit related to solar system, planets, meteor, blue stone, and asteroid were instructed using AR
applications such as Space4D +, Uzay 4D, Sanal Ogretmen 4D. These activities targeted the following gains:
"compares the planets in the solar system with each other." and “creates a model by sorting the planets in the
solar system according to their proximity to the Sun”. Visuals related to the activities in the Solar System and
Eclipses unit are presented in Figure 1 and 2.
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Figure 1. Solar System
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Figure 2. Planet Sorting

Six activities were carried out for the Systems in Our Body unit. The topics and concepts of this unit related to
cartilage, bone and bone types, joint and joint types, muscles and muscle types; the structure and organs that
constitute the digestive system, physical and chemical digestion, enzymes, the function of the liver, pancreas,
and pancreas in digestion; structures and organs that constitute the circulatory system, structure and function of
the heart, blood vessels, systemic circulation and microcirculation, blood types, blood donation, circulatory
system; structures and organs that constitute the respiratory system, lungs were instructed using AR applications
such as Vucudumuz 4D, Human Anatomy 4D, Luke AR. These activities targeted the following gains "Explains
the structures of the musculoskeletal system with examples", "Explains the functions of the structures and
organs that constitute the digestive system using models", "Explains the functions of auxiliary organs in
digestion", "Explains the functions of the structures and organs that constitute the circulatory system using
models", "Examines the systemic circulation and microcirculation on the scheme and explains their functions"
and “Explains the functions of the structures and organs that constitute the respiratory system using models”.
Visuals related to the activities in the Systems in Our Body unit are presented in Figure 3-4-5-6.

Figure 3. Skeleton System
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Figure 4. Digestion System

Figure 5. Respiratory System

Figure 6. Circulatory System
Teacher-centered traditional teaching method was used in the CG, by sticking to the curriculum and textbook.
Teacher-centered traditional teaching is the instruction where the teacher is active and the student is passive in
the classroom and activities (Aydede & Matyar, 2009). Following the application process, the posttest and the
semi-structured interview form were administered on the EG to determine their opinion on AR technology,
whereas only the posttest was administered on the CG. One month after the post-test application, the recall test,
which is exactly the same as the post-test, was administered on both experimental and control groups to measure
the permanence of the learning.

Data Collection Tools
In order to determine the students' level of recalling, the Solar System and the Systems in Our Body
Achievement Test, developed by the researcher, was used. A semi-structured interview form prepared by the
researcher was used for collecting students' opinions on AR applications.
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The Solar System and the Systems in Our Body achievement test
The Solar System and the Systems in Our Body Achievement Test, developed by the researcher, was used in the
study to determine the students' level of recalling the knowledge. The gains included in the achievement test
prepared for the "Solar System and Eclipses" and the "Systems in Our Body" units, which are the first and
second units of 6th grade Science curriculum, were specified according to 2018 science curriculum (MEB,
2018). Item analysis was performed for the validity of the 45-question test prepared for 9 gains. Malformed
items were detected upon the item analysis and difficulty and discrimination level of the items were confirmed
(Buyukozturk et al., 2016). A total of 402 students have participated in the pre-pilot application. In item
analysis, the focus was on item discrimination and item difficulty. Regarding the reference values of the item
discrimination indexes, items with a discrimination index of 0.40 and above are considered to be very good, and
items between 0.30-0.39 are quite good. Items with a discrimination index of 0.20-0.29 can be revised and
modified, and items with a value of 0.19 or less should be removed from the test (Crocker & Algina, 1986).
Regarding item difficulty, the reference value ranges between 1 and 0. As this value approach to 1, the item
becomes easier and vice versa (Buyukozturk et al., 2016). Following the analysis, 18 items with a discrimination
index of 0.19 and below were removed from the test. The test, whose number of items was reduced to 27, get
ready for pilot implementation. Regarding the item analysis of the data obtained from the pilot application
conducted with 43 girls and 45 boys, item difficulty and discrimination indices were found to be within the
reference values. The reliability coefficient of the developed test was calculated as KR20 (Alpha) 0.85.

Semi-structured interview form
Interview is the preferred method in most of the qualitative studies (King et al., 2019). After the implementation
process and the measurement of academic achievements in the study, an eight-question semi-structured
interview form developed by the researcher was used to determine the opinions and thoughts of the students in
the EG about this experience. The questions were prepared under three themes: thoughts on AR technologies,
experiences on AR technology and the contribution of AR technology to learning. The interview form was
administered on 26 students in the EG. 40 minutes were given to answer the questions in the form. Two faculty
members who are experts in science education and measurement and evaluation were consulted during the
preparation of the questions. In addition, opinions of two science teachers, one working in the science, arts and
education center affiliated to the Ministry of National Education and the other in a secondary school, were
asked. In order to test the comprehensibility of the questions, a preliminary interview was held with 10 students
attending 6th grade. The interview form was finalized upon the corrections made according to the given
feedback.

Data Analysis
While analyzing the quantitative data, TAP (Test Analysis Program) was used in the preparation of the
achievement test, and SPSS 20 software was used to compare the data obtained from the pretest, posttest and
recall test. In order to make the raw data obtained during the study usable, numerical values were given to each
answer and they were entered into the databases of the programs.
Descriptive analysis was performed on the data collected from the control and experimental groups, and the
arithmetic mean, standard deviation, maximum and minimum values, skewness, kurtosis and Shapiro-Wilk
values were calculated. Regarding the normality check of the score distribution, Buyukozturk (2005) suggested
to use Shapiro-Wilk normality test if the group size is less than 50, and Kolmogrov-Smirnov normality test if
the group size is greater than 50. Regarding the p value calculated as a result of these tests, the values smaller
than 0.05 are interpreted as the scores deviate significantly from the normal distribution, that is, the normality
condition is violated (Buyukozturk, 2005). In this study, Shapiro-Wilk normality test was administered because
the sample size was less than 50. Another parameter that indicates normality is skewness and kurtosis. In
particular, the skewness is more useful than the kurtosis. Having a skewness of zero (“0”) is an indicator of
normal distribution, but it is extremely difficult to collect data with normal distribution in the implementation
(Coskun et al., 2015). If the skewness is between +1 and -1, it is assumed that there is no significant deviation
from the normal distribution (Buyukozturk, 2005).
Dependent groups t-test was performed to determine whether the difference between the mean scores of the
dependent groups in the study was significant or not, whereas independent samples t-test was used to determine
the significance of the difference between the mean scores of independent groups (Buyukozturk, 2005). Normal
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distribution of data is required in all parametric tests, while in some tests such as t-test, this condition is not
required. They can be used safely up to a certain deviation from normal distribution (Coskun et al., 2015).
Covariance analysis (ANCOVA) was used to test whether the group means adjusted according to the common
variable associated with the dependent variable differ significantly from each other (Buyukozturk, 2015). The
covariance analysis, which is a parametric test, gives strong results if the assumptions are met, and variance
analysis and regression analysis are used together to calculate the difference between the means of the groups
(Kalayci, 2010).
Content analysis was used to analyze the data obtained from semi-structured interview form administered on the
students of the EG. The objective of preferring content analysis is to reach the concepts and relationships that
explain collected data. The process carried out in this analysis is to group the data within the framework of
certain concepts and interpret the themes in a way that the reader can understand (Yildirim & Simsek, 2016).
The analysis process was completed in three stages, namely data processing, visualization of the data, and
inference and confirmation (Miles & Huberman, 1994). In the first stage, the data were examined. In the second
stage, codes and categories were specified and grouped under three themes. The third stage tries to summarize
the data in an understandable way. In order to comprehend the data obtained from the semi-structured interview
form more clearly, the answers collected from the students were classified under the themes suitable for the
objectives of the study. Similar data obtained from the form were grouped under a common theme and students'
answers were supported with quotations to ensure the internal validity of the research. Each student was given a
code name (P1-P), so that their identity was kept confidential. In order to ensure external validity, all stages of
the research have been examined in detail. In order to ensure the reliability of the research, the data were
analyzed independently by the researchers and then compared. The two researchers analyzed the data obtained
from the interview forms at different times. Also, during the research, researchers often came together and
decided on the themes, categories and codes to be used in the study. The analysis of the data obtained from the
interview form was done by two independent evaluators. No calculation was made in this process, only a few
codes differing among the evaluators were discussed and agreed on. A harmony was observed among the coding
of the evaluators.

Findings
This section includes the findings obtained in line with the objectives and sub-objectives of the research. Firstly,
the distributions of the data obtained from achievement test administered on control and experimental groups
were analyzed. Table 1 shows the student numbers of the groups, the average scores obtained from the
achievement test, standard deviations, skewness, kurtosis, mid-range minimum, maximum and Shapiro-Wilk
normality test results.
Table 1. Descriptive Statistics of the pretest, posttest and recall test scores from Achievement test
Tests

Groups

N

X̄

sd

Pretest

Exp.
Control
Exp.
Control
Exp.
Control

26
24
26
24
26
24

10.34
10.83
22.69
20.08
22.26
17.54

2.79
2.20
2.61
2.81
2.47
3.72

Posttest
Recall
test

Skew.

Kurt.

Midrange

Min

Max

ShapiroWilk

-.54
-.30
-.37
.49
-.12
.19

.65
-.65
-.34
.53
-.47
-.15

12
8
10
12
10
15

4
6
17
15
17
10

16
14
27
27
27
25

.31
.27
.50
.59
.48
.88

Regarding Table 1, mean pre-test score of the CG (X̄ = 10.83) and EG (X̄ = 10.34) were observed to be quite
close to each other, and accordingly the achievement level of the groups was concluded to be similar before the
application. Regarding skewness, kurtosis and Shapiro-Wilk normality values of the pretest, posttest and recall
test, the scores obtained from all tests exhibited normal distribution (p>.05)

Comparison of experimental and control group students' pretest and posttest scores
In order to answer, “Is there a significant difference between EG / CG students’ pretest and posttest achievement
test scores?” questions, experimental and control groups’ pre-test and post-test scores were tested. Since the
scores of both tests were normally distributed, the significance of the difference between the mean scores was
tested by “dependent groups t-test”.
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Table 2. t-test results of control and experimental groups’ pretest and posttest scores
Test
N
X̄
SD sd
t
p
Experiment Posttest 26 22.69 2.61
25 24.43 .000*
Pretest 26 10.34 2.79
Control
Posttest 24 20.08 2.81
23 14.19 .000*
Pretest 24 10.83 2.20
*p<.05
Regarding table 2, a significant difference was observed between pretest and posttest scores of the EG students
(t(25)=24.43, p<.05). The average score of the EG increased from 10.34 to 22.69, which corresponds to an
increase of approximately 53%. This finding is higher than CG’s achievement increase. A significant difference
was also observed between pretest and posttest scores of the CG students (t(23)=14.19, p<.05). The average
score of the CG increased from 10.83 to 20.08, which corresponds to an increase of approximately 46%.
Comparison of experimental and control group students’ posttest scores
In order to answer, “Is there a significant difference between EG and CG students’ average posttest scores
adjusted according to pretest scores?” question, the significance of the difference between experimental and
control groups’ average pretest scores was tested first. Regarding independent samples t-test results, no
statistically significant difference was observed between the average pretest scores of the EG and CG students (t
= -.68; p>.05). Then, the significance of the difference between experimental and control groups’ average
posttest scores was tested by independent samples t-test. The result of independent samples t-test is given in
Table 3.
Table 3. t-test results of control and experimental groups’ posttest scores
Group
X̄
SD
sd
t
p
η2
Control
20.08 2.81
48
3.39 .001* 0.193
Experimental 22.69 2.61
*p<.05
Regarding Table 3, the average posttest score of the EG was observed to be higher than the CG. Accordingly, a
statistically significant difference was observed between EG and CG students’ posttest scores (t = 3.39; p< .05).
When the effect size was calculated, the large effect size (η2 =.193) (Cohen, 1988) demonstrated a significant
difference between the groups.

Comparison of experimental and control group students' recall test scores
In order to answer, “Is there a significant difference between EG and CG students’ average recall test scores
adjusted according to posttest scores?” question, the significance of the difference between experimental and
control groups’ average posttest scores was tested first. In table 3, a statistically significant difference was
observed between EG and CG students’ posttest scores (t = 3.39; p<.05). Therefore, covariance analysis
(ANCOVA) was performed for experimental and control groups’ posttest and recall test scores.
Before performing the covariance analysis, certain assumptions were checked and the covariant was specified.
In this sub-problem, the covariant was specified as the scores that the groups received from Posttest. The
assumptions of the covariance analysis, namely whether the scores of the groups show normal distribution,
whether there is a linear relationship (correlation) between the common variable (covariant) and the dependent
variable, and the homogeneity of the regression curves and the group variances were checked. For normality
assumption, Skewness, Kurtosis and Shapiro-Wilk normality test results of Table 1 were reviewed, and it was
concluded that the scores did not deviate excessively from the normal distribution.
The relationship between the dependent variable and the covariant was examined by Pearson correlation
analysis. The results showed that the relationship between the dependent variable (recall test scores) and the
covariant (posttest scores) is significant and high for both the EG (r =.87; p <.01) and CG (r =.84; p <.01),
therefore a linear relationship was observed between them. In order to check the assumption of homogeneity of
regression curves within groups, the difference between the slopes of regression lines was examined by “Group
x Posttest” joint effect test. The results of the analysis are given in Table 4.
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Table 4. “Group x Posttest” joint effect test outcomes
Dependent
Variable

Source

Recall
Test

Adjusted Model
Constant
Groups
Posttest
Groups *Posttest
Error
Total
Adjusted Total

Sum of
Squares
621.52a
.30
13.52
331.80
7.58
130.47
20752.00
752.00

sd
3
1
1
1
1
46
50
49

Mean of
Squares
207.17
.30
13.52
331.80
7.58
2.83

F
73.03
.10
4.76
116.97
2.67

p
.00
.74
.03
.00
.10

η2
,826
,002
,094
,718
,055

Regarding Table 4, it was concluded that the difference between the slopes of the regression lines is not
significant, in other words the regression curves are homogeneous (F (1.46) = 2.67, p>.05). When the effect size
was calculated, it was estimated that the effect size was η2 =, 055. Accordingly, this value is interpreted as a
medium effect size (Cohen, 1988). The results of the Levene test performed to check the equality of variances
assumption also showed that the variances of the groups were homogeneous (F = 3,01, p>.05). As a result of
these analyzes, all assumptions of ANCOVA are provided, showing that the significance of the difference
between the experimental and control groups’ average recall test scores adjusted according to the posttest scores
can be analyzed by ANCOVA. The results of the covariance analysis are given in Table 5.
Table 5. ANCOVA results of experimental and control groups’ recall test scores
Dependent
Sum of
Mean of
Source
sd
F
p
η2
Variable
Squares
Squares
Adjusted
613.94a
2
306.97
104.50
.00
.81
Model
Constant
.64
1
.64
.21
.64
.00
Posttest
335.01
1
335.01
114.05
.00
.70
Recall
Groups
48.13
1
48.13
16.38
.00
.25
Test
Error
138.06
47
2.93
Total
20752.00
50
Adjusted
752.00
49
Total
Regarding Table 5, a statistically significant difference was observed between EG and CG students’ recall test
scores adjusted according to the posttest scores (F(1,47)= 16,38, p<.05). The effect size of the difference was
calculated as η2 =.25. Regarding this effect size, we can say that independent variable has a small effect on the
dependent variable. In other words, 25.9% of the change in the dependent variable results from the applied
method. The results of the Bonferroni comparison test between the adjusted averages of the groups are given in
Table 6. Regarding Table 6, a statistically significant difference was observed between experimental and control
groups’ adjusted recall test scores (p <.05), in favor of the EG.
Table 6. Bonferroni Comparison Test Results of the Groups’ Adjusted Recall Test Scores
Difference
Standard
Source of the
Group
p
in Means
Error
Difference
Experimental
2.18
.54
.00
Experimental >Control
Control

Opinions of experimental group students on AR technology
This part of the study includes the findings obtained from the semi-structured interview form consisting of eight
questions in which the opinions of the students in the EG about the AR technology are taken. The interview
form was administered on the 26 students of the EG. The answers given to the eight questions in this form were
analyzed. For a clearer understanding of the data obtained from the interview form, the answers given by the
students were classified under themes suitable for the objective of the study. These analysis results were also
supported with quotations from student opinions. Theme, category, code and frequency values created for AR
practices are presented in Table 7.
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The Contribution of AR Technology to
Learning

Experiences on
AR
Technologies

Thoughts on AR Technologies

Theme

Table 7. Theme, category, code and frequency table for AR applications
Category
Code
3D image
Phone app
Description of AR
Feeling like you're there
Examination
Being 3D/4D
Moving images
Visible on the phone
The remarkable features of the
applications
Having a voice narration
Being fun
Effective on the retention of the knowledge
Having card feature
Social Sciences
Mathematics
English
Suggestions for other courses
Turkish
Science
Physical education
History
Sets
Our place in the world
Topics suggestions
Life on earth
Individual and society
Parallel and meridian
Dodgeball
I have not used
I don't remember the name
Previous use of AR applications
Uzay 4D
Vucudumuz 4D
Anatomy 4D
Some
Problems experienced
None
The Solar System
Systems in Our Body
The topics and concepts learned
Topics and concepts in Science
The concept of prejudice
Yes
Helping them to understand the topic No
Somehow
Repetitions
Visuals
How it helped them to understand
the topic
Being fun
Audio
Effective with the visuals
Effective by being repetitive
Effect on the permanence of what
Effective by being fun
was learned
Not effective
Not fully effective

65

f
19
5
1
1
16
4
2
2
1
1
1
17
8
2
1
1
1
11
1
1
1
1
1
1
18
5
3
2
1
2
24
16
15
3
1
24
1
1
13
7
1
1
17
3
3
2
1

Students' answers regarding AR applications were grouped under three themes: thoughts on AR technologies,
experiences on AR technology and the contribution of AR technology to learning (Table 7). There are four
categories under the theme of thoughts on AR technologies: description of AR, remarkable features of the
applications, suggestions for other courses and topic suggestions. The code mostly mentioned under the
description of AR category is 3D image. A student on this subject said, “Seeing an item from all sides, seeing it
as 4D or 3D. (P-1)”, whereas another similar opinion was “We can see objects in three dimensions (P-17)”. The
other codes mentioned under this category were phone app, feeling like you’re there and examination. The code
mostly mentioned under the remarkable features of the applications category is being 3D/4D. A student on this
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subject stated her opinion as “Being 3D/4D attracted my attention (P-27)”. Another similar opinion was "Being
3- or 4-dimensional drew my attention (P-19)". The other codes mentioned under this category were the
presence of moving images, being visible on the phone, having fun, having a voice narration, being effective in
the retention of the knowledge, and having a card feature. The mostly repeated code under the category of
suggestions for other courses is social sciences. A student on this subject expressed his opinion as “the first
Turkish states in social sciences (P-5)”. Another similar view was "Social Sciences, Anatolia Homeland of the
Turks (P-7)". Other codes mentioned under this category were mathematics, English, Turkish, science and
physical education. The most frequently mentioned code under the category of topic suggestions is history. A
student on this subject expressed her opinion as "I would like to see it in Social Sciences course and on the topic
of History (P-14)". Another similar opinion was "Social Sciences History (P-13)". Other codes mentioned under
this category were sets, our place in the world, life on earth, individual and society, parallel and meridian, and
dodgeball.
There are two categories under the theme of experiences on AR technology: previous AR applications and
problems experienced. The code mostly mentioned under previous AR applications category was I have not
used. A student said, “I did not use it (P-15)” on this subject. Another similar opinion was, “I have not used such
an application before. (P-10)”. The other codes mentioned under this category were, I don't remember the name,
uzay 4D, vucudumuz 4D, anatomy 4D. None is the code that was mostly repeated under the category of
problems experienced. A student on this subject expressed his opinion as "No, there was not (P-25)". Another
similar view was "no problem occurred (P-20)". The other code specified under this category is some problems.
A student on this subject expressed her opinion as “yes, my phone's camera has warmed up (P-1)”. Another
similar opinion was “There was a problem with the application. It was closing immediately. (P-13)”.
The theme of the contribution of AR technology to learning is presented under four categories: the topics and
concepts learned, helping them understand the topic, how it helped them to understand the topic and its effect on
the permanence of what was learned. The most frequently mentioned code under the category of topics and
concepts learned is The Solar System. A student on this subject expresses her opinion as "I learned a lot about
the Solar System (P-3)". Another frequently repeated code is Systems in Our Body. A student stated on this
subject that “Yes, I learned the topic of our body better (P-9)”. Other codes mentioned under this category are
topics and concepts in Science and prejudice. The code mostly mentioned under the category of helping them
understand the topic is yes. A student on this subject said, “Yes, I learned through these applications. It made us
understand the topics better. (P-21)”. Another similar view was, “Yes, it helped me to learn. I saw it more
closely. (P-12)”. The other codes mentioned under this category are no and somehow. The most mentioned code
under the category of how it helped them understand the topic was repetitions. A student on this subject
expressed his opinion as "I have repeated the topic and it was reinforced (P-23)". The other codes mentioned
under this category are visuals, being fun, audio. The code mostly repeated under the category of effect on the
permanence of what was learned is effective with the visuals. A student on this subject expressed his opinion as
“yes, because 3D is better at learning (P-22)”. Another similar opinion was “it helped. In particular, when there
was something I forgot in the exam, the images in AR came in my mind (P-8)”. The other codes mentioned
under this category effective by being repetitive, effective by being to fun, not effective, not fully effective.

Discussion and Conclusion
This study aims to investigate the effect of AR applications in science education on the level of recalling the
learned knowledge of 6th grade students. For this purpose, the data obtained from “The Solar System and
Systems in Our Body Achievement test” developed by the researcher and the semi-structured interview form
were analyzed and the effect of AR applications on the academic achievement of 6th grade students and their
level of recalling the learned knowledge in science course was determined. More consistent results were
obtained by supporting these quantitative analyzes with the qualitative findings obtained from the semistructured interview form.
Regarding the findings obtained by comparing pretest and posttest scores of experiment and CG students, a
significant difference was observed between them. The increase rate of the EG is higher than that of the CG,
which shows us that the application in the EG was more effective than the application in the CG. Regarding the
findings obtained from the comparison of experiment and CG students’ posttest scores, a statistically significant
difference was observed between them (t = 3.397; p> .05). This finding shows that the science lesson instructed
using AR applications has a positive effect on students' academic achievement compared to the science lesson
instructed only by sticking to the textbook. These results of the research are similar to the results of other studies
in the literature (Abdusselam & Karal, 2012; Ates, 2018; Chiang, Yang, & Hwang, 2014; Demirel, 2017;

J Educ Sci Environ Health

67

Demirel, 2019; Eroglu, 2018; Fidan, 2018; Fleck & Simon, 2013; Gungordu, 2018; Kul, 2019; Ozarslan, 2013;
Shelton & Hedley, 2002; Sirakaya, 2015; Sin & Badioze-Zaman, 2010; Sahin 2017; Senturk, 2018; Yildirim,
2018). However, there are some studies in the literature showing that AR applications did not have a positive
effect on academic achievement. Erbas (2016) reported that the use of AR did not create a positive difference on
the academic achievement of students in the practice carried out within the scope of biology lesson. Gun &
Atasoy (2017) reported that their AR applications performed within the scope of mathematics lesson did not
make a positive difference in students' academic achievements. Yen et al. (2013) reported that no positive
difference occurred on students' academic achievement as a result of using AR applications on university
students' in the phases of the moon topic. The results of these studies do not overlap with the results of this
study.
The findings obtained by comparing EG and CG students’ recall test scores showed that science lesson
instructed with AR applications had a positive effect on students' level of recalling the learned knowledge
compared to the lesson instructed by sticking to the textbook only. The literature review revealed that there are
few studies measuring the level of recalling the knowledge learned through AR applications. Fidan (2018)
reported that AR applications applied with problem-based activities within the scope of force and energy unit
had a positive effect on students' level of recalling the knowledge. In the study examining the effect of AR
applications on academic achievement within the scope of the “particle structure of matter and pure substances”
topic of 7th grade science course, Ates (2018) reported that instruction supported by AR applications positively
affected the permanence of the knowledge. The following features of AR technology may have been effective in
achieving these results; AR is a new technology, thus it may have attracted the attention and interests of the
students who faced with this technology for the first time, which affected their motivation and increased their
achievement. Similar results are seen in the literature (Delello, 2014; Di Serio, Ibáñez, & Kloos, 2013; Gun,
2014; Korucu et al., 2016; Kucuk, 2015; Sahin, 2017; Senturk, 2018; Sirakaya, 2015; Tomi & Rambli, 2013;
Yen et al., 2013). The realistic image quality of AR applications may have been effective in attracting students'
attention. Students can perceive three-dimensional objects appearing on AR application cards as magic
(Billinghurst et al., 2001). In this way, a fun learning can be realized (Erbas, 2016; Senturk, 2018). Students do
not have the chance to make observation on every subject of The Solar System and Systems in Our Body units,
and AR applications allowed them to make observation with their realistic images, thus it is expected to attract
students' attention. Textbooks are also insufficient in this sense. The literature also contains studies reporting
that AR applications concretize abstract concepts that cannot be observed via 3-D visuals and present complex
topics in a comprehensible way (Cetin, 2019; Gun, 2014; Gungordu, 2018; Klopfer & Squire, 2008; Senturk,
2018; Shelton & Hedley 2002; Wu, Lee et al., 2013).
The opinions of the students in the EG on AR technology were taken and they were grouped under three
themes: thoughts on AR technologies, experiences on AR technology, and the contribution of AR technology to
learning. The results reached under the theme of thoughts on AR technologies have shown that students have
reached the level of describing AR technology even though they have not used any AR applications before.
Another result has shown that three-dimensional visuals in AR applications attracted students' attention. There
are studies in the literature achieving similar results (Cetin, 2019; Erbas, 2016; Fidan, 2018; Gungordu, 2018).
Another result showed that students want to use AR applications in different courses and topics. There are
studies in the literature achieving similar results (Ates, 2018; Cetin, 2019; Demirel, 2019; Erbas, 2016; Fidan,
2018; Gun, 2014; Gungordu, 2018; Kul, 2019; Ozarslan, 2013; Sirakaya, 2015). The results obtained under the
theme of experiences on AR technology showed that students have not used AR application before, and they
met AR applications with this study. Even though the students were using AR applications for the first time, the
growth of the new generation intertwined with technology provided an advantage in terms of harmony. There
are studies in the literature achieving similar results (Erbas, 2016; Kucuk, 2015; Senturk, 2018; Yildirim, 2018).
Another outcome showed that the students had no problems in using the applications during the research. There
are studies in the literature showing similar results (Gun, 2014; Gungordu, 2018; Kul, 2019; Ozarslan, 2013).
Although no problems occurred in this study, there are several studies in the literature, reporting problems in
using AR applications. Cetin (2019) reported that students were distracted because of some technical problems
in the hardware and software. Senturk (2018) reported that problems arising from external factors such as light,
output and image quality can be experienced. Gun (2014) reported difficulties related to lighting and image blur
due to camera. The resulting difference may be due to the use of different and diverse applications in this study.
The results achieved under the theme of the contribution of AR technology to learning showed that AR
applications played an active role in sustaining students’ academic achievement and the learned knowledge, that
is, improving the recall levels, and this is mainly due to the 3D visuals used by the applications. There are
studies in the literature indicating similar results (Ates, 2018; Cetin 2019; Fidan, 2018; Gun, 2014; Gungordu,
2018; Shelton & Hedley, 2002; Sahin, 2017; Senturk, 2018; Sirakaya, 2015; Tomi & Rambli, 2013; Yildirim,
2018).
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As a result, the academic achievement of the EG, in which AR applications were actively used by the students in
the science course, was found to be higher than the academic success of the CG, where the course was instructed
only by sticking to the book. The analysis of the mean scores of the recall tests administered to measure how
much the experiment and CG recall the knowledge they learned, in other words the permanence of their
knowledge, EG students were found to be statistically significantly more successful. More generally, the use of
AR applications in science class has a positive effect on 6th grade students' level of recalling the learned
knowledge. The review of the studies in the literature showed that they are in line with the results this study
(Ates, 2018; Barmaki et al., 2019; Fidan 2018; Huang et al., 2019; Lu et al., 2014; Pérez-López & Contero,
2013).

Recommendations
In line with the results obtained from this study, the following suggestions were developed: It is recommended
to use AR applications actively and regularly in science lessons. Similar studies can be conducted with different
samples, at different grade levels. This study involved The Solar System and The Systems in Our Body units in
science curriculum. The effect of AR technology on different topics can be examined by focusing on different
units, especially on teaching abstract concepts. Both this study and similar studies focused on the effect of AR
applications on academic achievement, attitude and motivation. Further studies analyzing the effect of AR
technology on different skills and variables such as 21st century skills, life skills, and thinking skills, may be
conducted. Very few problems occurred with the AR applications used in this study. The AR applications used
have attracted students' attention with their image quality and entertaining content and motivated them towards
the course. While conducting similar studies, more attention may be paid to the selection of applications;
applications that are more entertaining in terms of content, materials and software, and that can run in all
operating systems can be preferred. In addition, these applications were carried out through the phone. The
researchers were advised to be procured in terms of phones or tablets in order to avoid problems during the
applications.
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