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Abstract

In this study, it is aimed to determine the astronomy literacy levels of the seventh and eighth grade secondary
school students and to investigate the effect of augmented reality [AR] applications on the astronomy literacy
levels of the students. The research is a quantitative study and a quasi-experimental method was used. The
study group consists of a total of 95 seventh and eighth grade students (n7th grade = 46 and n8th grade = 49)
studying in a secondary school in the central district of Ankara in the spring semester of the 2021-2022
academic year. The students of the study group of the research were selected by using convenient sampling
method. Two experiments and two control groups were used in the study. The data of the research were
obtained with the astronomy literacy scale before and after the application. In practice, the lessons were taught
within the framework of basic astronomy concepts, with augmented reality applications in the experimental
groups, and with the activities suggested in the textbooks in line with the achievements specified in the
curriculum in the control groups. As a result of the analysis of the data, it was noted that the students' astronomy
literacy levels were low before the application. After the application, the astronomy literacy levels of the
experimental group students were high; it was seen that the control group students reached the intermediate
level. It was determined that augmented reality [AR] applications positively affected the astronomy literacy
levels of the experimental group students.

Keywords: Astronomy literacy, augmented reality, middle school students.

Introduction

Since ancient times, human beings have been in a desire and curiosity to understand, discover,
and know the sky. In particular, the necessity of human beings to lead a more comfortable and reliable
life on earth has been one of the factors that led to this desire. Since ancient times, astronomy has been
a subject of interest, curiosity and research for people of all age groups, and the importance of
astronomy has gradually increased with the rapidly developing technology. Understanding astronomy
subjects and concepts in the Science Curriculum is an important part of science literacy. One of the main
objectives of the 2018 Science Curriculum is "to provide basic information about astronomy, biology,
physics, chemistry, earth and environmental sciences, and science and engineering applications.”
(Ministry of National Education [MoNE], 2018). When the renewed curriculum is examined, there are
astronomy units within the subject area of "Earth and Universe". These units start from the 3rd grade.
Astronomy units within the scope of the subject area are seen as the first unit of each education level. In
this context, the astronomy units given at the beginning of the education process allow students to learn
the basic astronomy subjects and concepts more efficiently. According to a study conducted by the
Scientific and Technological Research Council of Tiirkiye [TUBITAK] to measure the scientific literacy of
individuals between the ages of 15-24, it has been determined that the subjects with the highest level of
interest and curiosity are "internet" and "astronomy" [MoNE, 2010].

An efficient, effective and successful astronomy curriculum should aim at attitudes, values,
interests, motivation, observations and practices towards astronomy as well as cognitive knowledge
and skills. In this context, affective and behavioral gains should be included along with cognitive
acquisitions related to astronomy at all levels of education. Whether individuals have cognitive, affective
and behavioral gains in astronomy subjects and concepts can be evaluated with "astronomy literacy".

The concept of "astronomy literacy” is to have multidimensional skills about the cognitive
dimension of the basic astronomy concepts of the individual, as well as the behavioral and affective
dimensions. An astronomy literate individual; conceptual knowledge of basic astronomy issues in terms
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of cognitive dimension; positive attitude, interest and motivation towards astronomy in terms of
affective dimension; In terms of behavioral dimension, it should have observation, participation and
action related to astronomy. Love et al. (2013) determined the astronomy literacy level of 990 adult
individuals over the age of 18. These individuals were asked six true-false questions. 80% of the
participants gave correct answers to 4 of the 6 questions asked. However; The questions "Astronomers
found life on Mars" and "They can calculate the age of the universe" are among the two questions most
frequently answered incorrectly by the participants.

In a study, it is emphasized that astronomy literacy is an important part of scientific literacy. The
use of technology and its applications in teaching astronomy concepts and subjects plays a very
important role in embodying abstract concepts, understanding difficult subjects, and gaining affective
and behavioral goals. The main objectives of the use of technology in education are to be more active in
the teaching process, to reach the achievements more effectively, to increase efficiency and to provide
education services for large masses (Baysal, 2016). Considering the stated objectives, it is understood
that the inclusion and use of technology in the teaching of Science concepts and subjects makes learning
easier, and contributes to education with the effect of permanently effective and understanding-based
learning (Cankaya, 2019).

Many studies have revealed that technology and its applications enrich teaching methods and
strategies, students are actively in the learning process and contribute to making education more
efficient by providing mutual interaction (Kiiciiksara¢ & Sayimer, 2016). Especially in recent years,
technology and its applications have been given more place in science education. One of the methods
and techniques that is one of the less used materials in education but will make a strong contribution to
education is augmented reality [AR] technology (Sarica, 2019). AR applications are a technology that
allows both real and virtual objects to be seen together in an environment where virtual objects and
contents are included in real environment images without disconnecting them from the real world
(icten & Bal, 2017). Increasingly functional components, especially in mobile devices, have benefited in
terms of augmented reality applications. Many augmented reality applications such as Sky View, Google
Sky Map, Night Sky, Solar Walk, Star Walk, Sky Guide AR and Stellarium have been developed to enrich
the use of mobile devices in the field of astronomy. These applications, through mobile devices, provide
learning from real images of celestial bodies and offer the opportunity to take various recordings. These
features provide an easy, permanent, productive and enjoyable learning environment for individuals
from all age groups in learning astronomy. In addition, educational studies using AR technology, which
is rapidly developing and taking its place in the teaching process, are increasing day by day. When the
literature is examined; In a study conducted by Aktamis and Aric1 (2013), it was revealed that seventh
grade students' astronomy success increased and their knowledge was not forgotten after the
implementation of virtual reality applications in astronomy teaching. In another study, Tian et., al.
(2014), in their study at the university, revealed that the AR applications that university students use
while observing are more effective. In the study conducted by Say and Pan (2017), it was stated that
there was a significant increase in the academic achievement and attitudes of the students who
participated in the courses conducted with AR applications. The process of teaching astronomy concepts
with augmented reality applications was carried out by Danaia, McKinnon, and Fitzgerald (2017) with
students and teachers. At the end of the teaching process, it was determined that there were significant
developments in students' perceptions about science. In the study conducted by Sahin and Yilmaz
(2020), it was observed that the academic achievements of the students and their attitudes towards the
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astronomy lesson changed positively in the teaching of astronomy with AR applications. In their study,
Tanik Onal and Onal (2021) observed that the academic achievement and interest of the students
increased at the end of the AR supported astronomy courses with gifted students. Considering the
researches, individuals who receive astronomy education using AR environments; their success in
astronomy has increased (Bulus Kirikkaya and Sentiirk, 2018; Sahin and Yilmaz, 2020; Tanik Onal and
Onal, 2021), forgetting about astronomy concepts is less (Aktamis and Arici, 2013), their attitudes
towards astronomy have improved (Say and Pan, 2017; Sahin and Yilmaz, 2020; Tanik Onal and Onal,
2021), observation abilities increased (Tian et al., 2014). When the literature is examined; It is seen that
the studies conducted on astronomy are carried out on academic achievement, permanence of learning
or attitudes, interest and motivation towards astronomy. However, there has not been any research on
students' "astronomy literacy" levels. In this context, it is thought that examining students' astronomy
literacy levels in this study and improving their AR applications and astronomy literacy levels will fill
the gap in the literature.

In this study, it is aimed to determine the astronomy literacy levels of secondary school seventh
and eighth grade students and to investigate the effect of augmented reality [AR] applications on
students' astronomy literacy levels. In line with the stated main purpose, the problem statement of the
research is as follows: "Does the augmented reality applications have an effect on the astronomy literacy
levels of secondary school students?" In line with the stated main purpose, the problem statement of the
research is: "Does augmented reality applications have an effect on the astronomy literacy levels of
secondary school students?" can be expressed as. Based on the problem statement of the research, the
sub-problems determined are listed below:

1. Is there a significant difference between the pretest and posttest averages of astronomy
literacy levels of 7th grade experimental group students?

2. Is there a significant difference between the pretest and posttest averages of astronomy
literacy levels of 7th grade control group students?

3. Is there a significant difference between the astronomy literacy level pretest averages of 7th
grade experimental and control group students?

4. Is there a significant difference between the astronomy literacy level posttest averages of 7th
grade experimental and control group students?

5. Is there a significant difference between the pretest and posttest averages of the astronomy
literacy level of the 8th grade experimental group students?

6. Is there a significant difference between the pretest and posttest averages of astronomy
literacy levels of 6th and 8th grade control group students?

7. Is there a significant difference between the pretest averages of astronomy literacy levels of
7th and 8th grade experimental and control group students?

8. Is there a significant difference between the astronomy literacy level posttest averages of 8th
grade experimental and control group students?
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Method

In this section, information about the model of the research, the study group of the research, the
collection of data, the data collection process and the analysis of the data are given.

Model of the Research

A quasi-experimental design with a pretest-posttest control group was used in the research.
(Biiytikoztiirk, 2011). In this study, the independent variable whose effect on the experimental groups
was examined is augmented reality applications. In the control groups, these are the practices
recommended in the Science course curriculum. The dependent variable in the groups is astronomy
literacy level. In the study, the astronomy literacy levels of the students participating in the study were
monitored before and after the learning process, on the basis of astronomy concepts. The main feature
of experimental research is that independent variables can be controlled (McMillan, 2000, p. 207). The
experimental design model used in the research is shown in Table 1.

Table 1. Quasi-experimental design model of the study with pretest-posttest control group

Groups Pretest Method Posttest
El Pr1 X1 Pol
C1 Prl X2 Pol
E2 Pr2 X1 Po2
C2 Pr2 X2 Po2

E1: Experimental group 7th grade

C1: Control group 7th Grade

E2: Experimental group 8th grade

C2: Control group 8th Grade

Pr1: 7th grade pretest measurements

Pr2: 8th grade pretest measurements

X1: The learning method whose effect was observed on the experimental groups

X2: The learning method whose effect was observed on the control groups

Po1l: 7th grade posttest measurements

Po2: 8th grade posttest measurements When Table 1 is examined, the independent variable that

has an effect on the learning outcomes (astronomy literacy levels) of the participants is the practices in
the learning process based on astronomy concepts.

Studying Group

In this study, the study group was selected according to the convenience sampling method using
non-probability sampling method. In this method, participants are selected from among individuals who
are easily accessible to the researcher, volunteer and suitable for the research (Gravetter & Forzano,
2012). The study group consists of seventh and eighth grade students (n7th grade = 46 and n8th grade
= 49) studying at a public secondary school in the central district of Ankara in the spring term of the
2021-2022 academic year. During the study, a total of four different classes, two experimental and two
control groups, were studied. The descriptive statistics results for the participants in the study group in
Table 2.
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Table 2. Descriptive statistics results for the participants in the study group

Grade Group Gender Total
Level Girl Boy
n % n % n %
7th Grade Experimental 13 59 9 41 22 23.15
Control 12 50 12 50 24 25.25
8th Grade Experimental 12 46.1 14 53.9 26 27.35
Control 12 52.2 11 47.8 23 24.25
Total 49 51.6 46 58.4 95 100

According to Table 2, 51.6% of the participants are 7th grade students and 58.4% are 8th grade
students.

Data Collection Tools

The data obtained in this study were collected with the "Astronomy Literacy Scale" developed
by the researcher.

Astronomy Literacy Scale

The "Astronomy Literacy Scale" developed by the researcher was used to measure the students'
astronomy literacy levels (Benli Ozdemir, 2022). The scale is a five-point Likert type, consists of 16
judgments and has a 3-factor structure. The scale includes the affective dimension for astronomy, the
behavioral dimension for astronomy, and the cognitive dimension for astronomy. The 16 items in the
scale are numbered from 1 point to 5 points, from the lowest to the highest level of students' astronomy
literacy levels. While the highest score that can be obtained from the scale is 80; The lowest score is 16.
In the scale, 1-15 point ranges are considered very low, 16-31 point ranges are considered low, 32-47
point ranges are considered medium, 48-63 points are considered high, and 64-80 point ranges are
considered very high. A reliability study was conducted for the astronomy literacy scale developed by
the researcher (Benli Ozdemir, 2022). The scale was applied to 213 students different from the study
group. According to the analysis obtained, the coefficients of internal consistency and sub-factors were
determined. The reliability coefficient was found as a =.87. Since this value is above a = .70, the
measurement tool has sufficient reliability to collect data (Biiyiikoztiirk, 2011). When the reliability
levels of the sub-factors of the scale were analyzed in the study, it was found that a =.77, « =.82 and «a
=.81. The reliability levels of the sub-factors were also found to be reliable (Alpar, 2003).

Implementation Process

This research was carried out with a total of 95 students studying in four different branches in
the seventh and eighth grades in the spring term of the 2021-2022 academic year in a state secondary
school in the central district of Ankara. Attention was paid to the volunteering principle of the students
in the participant group of the study. In order to increase the reliability of the research, it was carried
out with four classes, two experimental groups and two control groups, studying in the 7th and 8th
grades. Information about the learning process in practice is given in Table 3.

689



Tiirk Akademik Yayinlar Dergisi (TAY Journal), 2023, 7(3), 684-705

Table 3. Learning process carried out in practice

Grade  Studying Groups Pretest Application Application time  Postest

Level process

7th Experimental group 1 Astronomy Augmented 16 Lesson Hours  Astronomy

grade Literacy Reality Literacy Scale
Scale Applications

7th Control Group 1 Astronomy Recommended 16 Lesson Hours  Astronomy

grade Literacy Practices in Literacy Scale
Scale Textbooks

8th Experimental group 2 Astronomy Augmented 16 Lesson Hours  Astronomy

grade Literacy Reality Literacy Scale
Scale Applications

8th Control Group 2 Astronomy Recommended 16 Lesson Hours  Astronomy

grade Literacy Practices in Literacy Scale
Scale Textbooks

Before the application, the "Astronomy literacy scale" was applied as a pre-test in order to

measure the astronomy literacy levels of the students in the study group. Then, the application on the

basis of astronomy concepts was completed by the researcher in the experimental and control groups

in a total of 16 lesson hours as indicated in the table. With the experimental group students, astronomy
subjects and concepts were taught with AR applications (Sky Guide AR, SkyView Lite, Night Sky 8, Sky

Map, Star Walk 2, Solar Walk 2, Stellarium Plus, etc.). The activities carried out in the experimental and

control groups during the application process are given in Table 4.

Table 4. Activities carried out in the experimental and control groups during the implementation process

Week

Experimental Group Activities

Control Group Activities

1st week
(4 Lesson Hours)

“I am observing the sky using an
augmented reality application” activity (2
Hours)

“I am making virtual reality glasses”
activity (2 hours)

“I am observing the sky with the naked
eye” activity (2 hours)

“I'm making a simple telescope” activity
(2 Hours)

2nd week
(4 Lesson Hours)

“I travel to space with the planetarium”
activity (2 hours)

"I see the sun using an augmented reality
application” activity (2 Hours)

“I am building my dream spacecraft”
activity (2 Hours)

“I make a solar model using simple
materials” activity (2 Hours)

3th week
(4 Lesson Hours)

"I see the world using an augmented
reality app" activity (2 Hours)
"I see the Moon using an augmented
reality app" activity (2 Hours)

“I make a world model using simple
materials” activity (2 Hours)
“I make a Moon model using simple
materials” activity (2 Hours)

4th week
(4 Lesson Hours)

“I see constellations using augmented
reality app” activity (1 Hour)

“Unique journey to the sky with Space
4D+ Augmented Reality Card Set” activity
(2 Hours)

Implementation of the posttest (1 hour)

“I make constellations with colorful
pencils” activity (1 Hour)

Preparation and playing activity of the
game “sky in our classroom” (2 Hours)
Implementation of the posttest (1 hour)
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Photograph 1. Photos of the application process

Some photos of the augmented reality application and "I am observing the sky" activities carried
out in the 7th and 8th grade experimental groups during the application process are given below.

Analysis of Data

The data of the "astronomy literacy scale"”, which is used to measure the astronomy literacy
levels of the students before and after the application, were analyzed with the SPSS statistical package
program. Appropriate statistical methods were determined for each sub-problem related to

quantitative data. Then, dependent groups t-test was used for intragroup comparisons, and independent
groups t-test analysis was performed for intergroup (experiment-control) comparisons.

Ethical Permits of Research
In this study, all the rules specified to be followed within the scope of "Higher Education
Institutions Scientific Research and Publication Ethics Directive" were complied with. None of the

actions specified under the heading "Actions Contrary to Scientific Research and Publication Ethics",
which is the second part of the directive, have been taken.

Ethics Committee Permission Information:
Ethics, principles and rules were followed at all stages of this research.
Findings
In the study, determining the astronomy literacy levels of secondary school seventh and eighth

grade students and the effect of augmented reality applications on students' astronomy literacy levels
were investigated.

Findings and Comments on the Data of the 7th Grade Experimental and Control
Group Students

The findings and comments regarding the astronomy literacy levels of the students in the 7th
grade study group are given below.
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Findings and Comments on the Astronomy Literacy Levels Pretest and Posttest
Scores of the 7th Grade Experimental Group Students

Is there a significant difference between the pretest and posttest scores of the 7th grade
experimental group students' astronomy literacy levels? The results of the t-test analysis for the
dependent samples related to the sub-problem are given in Table 5.

Table 5. Dependent samples t-test results of pretest-posttest mean scores of 7th grade experimental group students’
astronomy literacy levels

n X ss df t p n?
Pretest 22 41.59 8.47 21 -13.73 .00 .89
Posttest 22 67.00 4.40

When Table 5 is examined, it is seen that there is a significant difference when the pretest-
posttest mean scores of the 7th grade experimental group students' astronomy literacy levels are
examined (tz1 = - 13,73, p = 0.00 < 0.05). The posttest mean score of the experimental group students
(iz 67,00), was higher than the pretest mean score (§(= 41,59). It has been seen that augmented
reality applications make a positive contribution to students' astronomy literacy levels. It is possible to
say that the effect size of augmented reality applications on the average score of astronomy literacy
levels is large (n2 =.89).

Findings and Comments on the Astronomy Literacy Levels Pretest and Posttest
Scores of the 7th Grade Control Group Students

Is there a significant difference between the pretest and posttest scores of the 7th grade control
group students' astronomy literacy levels? the t-test analysis results for the dependent samples related
to the sub-problem are given in Table 6.

Table 6. Dependent samples t-test results of pretest-posttest mean scores of 7th grade control group students’
astronomy literacy levels

n X ss df p
Pretest 24 39.17 7.28 23 t .03
Posttest 24 41.96 4,71 -2.22

When Table 6 is examined, it is seen that there is a significant difference when the pretest-
posttest mean scores of the 7th grade control group students' astronomy literacy levels are examined
(tza = -2,22, p = 0.03 < 0.05). The mean score of the control group students after the application (57(=
41.96) was close to the pre-application scores (57( =39.17).

Findings and Comments on Astronomy Literacy Levels Pretest Scores of 7th Grade
Experimental and Control Group Students

Is there a significant difference between the astronomy literacy levels and pretest scores of the
7th grade experimental and control group students? the t-test analysis results for the independent
samples related to the sub-problem are given in Table 7.

Table 7. Independent samples t-test results of pretest mean scores of 7th grade experimental and control groups
students’ astronomy literacy levels

Group n X Ss df t p
Experimental 22 41.59 8.47 44 1.04 .30
Control 24 39.17 7.28
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When Table 7 is examined, there is no significant difference between the average scores of the
7th grade students' pre-application astronomy literacy levels (ts = 1,04, p = 0.30 > 0.05). The mean
score of the experimental group students (i =41.59) and the mean score of the control group students
(i =39.17) are close.

Findings and Comments on Astronomy Literacy Levels Posttest Scores of 7th Grade
Experimental and Control Group Students

Is there a significant difference between the astronomy literacy levels and pretest scores of the
7th grade experimental and control group students? the t-test analysis results for independent samples
related to the sub-problem are given in Table 8.

Table 8. Independent samples t-test results of posttest average scores of 7th grade experimental and control groups
students’ astronomy literacy levels

Group n X Ss df t p n?2
Experimental 22 67.00 4.40 44 18.56 .00 .88
Control 24 41.96 4.71

When Table 8 is examined, it is seen that there is a significant difference when the posttest mean
scores of the 7th grade experimental and control group students' astronomy literacy levels are
examined (ts = 18,56, p = 0.00 < 0.05). The posttest average score (i = 67.00) of the students studying
with augmented reality applications is higher than the posttest average score (57( = 41.96) of the
students studying with the applications suggested in the textbooks. When the effect value of augmented
reality applications is examined, it is seen that the eta square value (n2=.88) has a large effect value. Eta
square (n2) value shows that this difference is not accidental (Cohen, 1988: 44).

Findings and Comments on the Data of the 8th Grade Experimental and Control
Group Students

The findings and comments regarding the astronomy literacy levels of the students in the 8th
grade study group are given below.

Findings and Comments on the Astronomy Literacy Levels Pretest and Posttest
Scores of the 8th Grade Experimental Group Students

Is there a significant difference between the pretest and posttest scores of the 8th grade
experimental group students' astronomy literacy levels? the t-test analysis results for the dependent
samples related to the sub-problem are given in Table 9.

Table 9. Dependent samples t-test results of pretest-posttest mean scores of 8th grade experimental group students’
astronomy literacy levels

n X Ss df t p n?
Pretest 26 40.57 8.46 25 -17.67 .00 .92
Posttest 26 66.73 3.90

When Table 9 is examined, it is seen that there is a significant difference when the pretest-
posttest mean scores of the 8th grade experimental group students' astronomy literacy levels are
examined (tzs =-17,67, p = 0.00 < 0.05). The posttest mean score (57( = 66.73) of the experimental group
students was higher than the pretest mean score (i = 40.57). It has been seen that augmented reality
applications make a positive contribution to students' astronomy literacy levels. It is possible to say that
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the effect size of augmented reality applications on the average score of astronomy literacy levels is
large (n? =.92).

Findings and Comments on the Astronomy Literacy Levels Pretest and Posttest
Scores of the 8th Grade Control Group Students

[s there a significant difference between the pretest and posttest scores of the 8th grade control
group students' astronomy literacy levels? the t-test analysis results for the dependent samples related
to the sub-problem are given in Table 10.

Table 10. Dependent samples t-test results of pretest-posttest mean scores of 8th grade control group students’
astronomy literacy levels

n X ss df t p
Pretest 23 40.04 7.87 22 -7.55 .00
Posttest 23 45.69 6.52

When Table 10 is examined, it is seen that there is a significant difference when the pretest-
posttest mean scores of the 8th grade control group students' astronomy literacy levels are examined
(t22=-7,55, p = 0.00 < 0.05). The average score of the control group students after the application (57( =
45.69) is higher than the scores before the application (57( =40.04).

Findings and Comments on the Astronomy Literacy Levels Pretest Scores of the 8th
Grade Experimental and Control Group Students

Is there a significant difference between the pretest scores of the 8th grade experimental and
control group students’ astronomy literacy levels? the t-test analysis results for independent samples
related to the sub-problem are given in Table 11.

Table 11. Independent samples t-test results of pretest mean scores of 8th grade experimental and control groups
students’ astronomy literacy levels

Group n X Ss df t p
Experimental 26 40.57 8.46 47 22 .82
Control 23 40.04 7.87

When Table 11 is examined, there is no significant difference between the average scores of the
7th grade students' pre-application astronomy literacy levels (t47 =.22, p = 0.82 > 0.05). The astronomy
literacy scores of the experimental and control group students were close before the application.

Findings and Comments on the Astronomy Literacy Levels Posttest Scores of the 8th
Grade Experimental and Control Group Students

Is there a significant difference between the pretest scores of the 8th grade experimental and
control group students' astronomy literacy levels? the t-test analysis results for independent samples
related to the sub-problem are given in Table 12.

Table 12. Independent samples t-test results of the astronomy literacy levels posttest mean scores of the 8th grade
experimental and control group students

Group n X Ss df t p n?
Experimental 26 66.73 3.90 47 13.87 .00 .80
Control 23 45.69 6.52

When Table 12 is examined, it is seen that there is a significant difference when the posttest
mean scores of the 8th grade experimental and control group students' astronomy literacy levels are
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examined (ts7 = 13.87, p = 0.00 < 0.05). The posttest average score (i = 66.73) of the students working
with augmented reality applications is higher than the posttest average score (i = 45.69) of the
students working with the applications suggested in the textbooks. When the effect value of augmented
reality applications is examined, it is seen that the eta square value (2 =.80) has a large effect value. Eta
square (n2) value shows that this difference is not accidental (Cohen, 1988: 44).

Discussion and Conclusion

In this study, the astronomy literacy levels of the seventh and eighth grade students were
determined and the effect of augmented reality (AR) applications on the astronomy literacy levels of the
students was investigated. In this context, the following conclusions have been reached on the basis of
the stated objective:

It was noted that the seventh and eighth grade students of secondary school had a low level of
astronomy literacy before the application. After the application, it was observed that the astronomy
literacy levels of the seventh and eighth grade experimental group students in the courses conducted
with augmented reality applications reached a high level. It has been determined that augmented reality
(AR) applications have a positive effect on students' astronomy literacy levels. After the application, it
was seen that the astronomy literacy levels of the control group students in the lessons carried out with
the applications and activities recommended in the textbooks reached the medium level. The astronomy
literacy levels of the control group students were lower than those of the experimental group students.
When the literature is examined, it is seen that AR applications are an effective method among teaching
methods and contribute positively to the cognitive learning of students (Abdiisselam, 2014; Abdiisselam
& Karal, 2012; Akcayir et al., 2016; Bressler & Bodzin, 2013; Buchner & Zumbach, 2018; Chen et al,,
2015; Chiang et al,, 2014; Enyedy et al.,, 2012; Fleck et al., 2014; Hsiao et al., 2012; Ibili & Sahin, 2013;
Kiiciik et al,, 2014;Lin et al,, 2013; Tarng et al.,, 2021). When the literature is examined, it is seen that AR
applications contribute positively to students' affective acquisitions such as attitude, interest and
motivation (Bulus Kirikkaya & Senttirk, 2018; Duman & Oncii, 2016; Delello, 2014; Ersoy, Huang, et al,,
2016; Furié et al., 2015; Hsiao et al., 2012; Ibanez et al., 2014; Khan, et al,, 2019; Megahed, 2014; Onur,
2021; Ozeren, 2020; Pozharina, 2019; Tandogan, 2019). It was observed that students achieved a higher
motivation and success after Ozeren (2020) realized with the AR material named CellAR. However, in
the studies conducted by Eren (2019), Yetisir (2019) and Tiirksoy (2019), results were reached that AR
applications increase the permanence of knowledge. Discovery Kirikkaya and Sentiirk (2018) concluded
that there is a significant difference in academic achievement levels in favor of the experimental group
students, as a result of the fact that the Science course solar system and beyond unit teaching was carried
out with AR supported application. According to the results of the study, it can be said that augmented
reality applications are effective on students' astronomy literacy levels. The partial effect size value also
supports the result of the study. The literacy of the science of astronomy, which started from ancient
times and became increasingly important with rapidly developing technology, is an important part of
scientific literacy. In this context, studies on the development of astronomy literacy in individuals are
very important.
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Recommendations

According to the results obtained in this study, various suggestions were made to practitioners,
program developers and researchers:

Recommendations for practitioners:

¢ As a result of this research conducted to determine the astronomy literacy levels of students
and the effect of augmented reality (AR) applications on students' astronomy literacy levels; It was
determined that the students' astronomy literacy levels were low before the application. In this regard,
more space should be given to augmented reality applications that will increase students' astronomy
literacy levels.

e The study included activities to increase the astronomy literacy levels of 7th and 8th grade
secondary school students. In future studies, studies that will enable students to realize their astronomy
talents at all levels of education can be included.

Recommendations for program developers:

e In Science courses, where the aim is to provide cognitive gains related to astronomy, practices
aimed at gaining more cognitive, affective and behavioral gains can be included while preparing the
gains and curriculum.

Recommendations for researchers:

 One of the limitations of the study is that different demographic characteristics were not taken
into account in the research. By examining astronomy literacy levels in terms of different socio-
demographic variables, the effects of these variables on astronomy literacy and the dimensions of this
effect can be investigated.

« Including activities that increase the astronomy literacy levels of secondary school 7th and 8th
grade students is among the limitations of the study. Experimental studies can be conducted to ensure
and observe the development of astronomy literacy levels of individuals at all levels of education.

« Astronomy literacy levels of students studying in primary school, secondary school, high school
or higher education can be examined and these levels can be compared among themselves.
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Artirillmis Gergeklik Uygulamalarinin Ortaokul Ogrencilerinin
Astronomi Okuryazarlik Diizeylerine Etkisinin incelenmesi

Giris

“Astronomi okuryazarligl” kavrami, bireyin temel astronomi kavramlarinin bilissel boyutu ile
beraber davranigsal ve duyussal boyutlar: hakkinda ¢ok boyutlu becerilere sahip olmaktir. Astronomi
okuryazari bir birey; bilissel boyut acisindan temel astronomi konularinda kavramsal bilgiye; duyussal

boyut agisindan astronomiye yonelik olumlu tutum, ilgi ve motivasyona; davranigsal boyut acisindan ise
astronomi ile ilgili gézlem, katilim ve eyleme sahip olmalidir.

Astronomi kavram ve konularinin 6gretiminde teknoloji ve uygulamalarinin kullanilmasi, soyut
kavramlarin somutlastirilmas1 ve goriilmesi, zor konularin anlasilmasi, duyussal ve davranissal
hedeflerin kazandirilmasi agisindan ¢ok énemli bir rol almaktadir. Ogrencinin 6gretim siirecinde daha
aktif olabilmesi, kazanimlara daha etkili bir sekilde ulasabilmesi, verimin artmasi ve genis Kitlelere
yonelik egitim hizmetinin sunulmasi egitimde teknoloji kullaniminin temel hedefleridir (Baysal, 2016).
Belirtilen hedefler dikkate alindiginda, Fen bilimleri kavram ve konularinin 6gretiminde teknolojinin
yer almasinin ve kullaniminin, 6grenmeyi daha kolay hale getirdigi, kalic1 etkili ve anlamaya dayal
o0grenme etkisiyle egitime katkisinin oldugu anlasilmaktadir (Cankaya, 2019).

Yapilan bir¢cok arastirma, teknoloji ve uygulamalarinin 6gretim yontem ve stratejilerine
zenginlik kattigini, 6grencilerin aktif bir sekilde 6grenme siirecinde oldugunu ve karsilikl etkilesimi
saglayarak egitimin daha verimli hale gelmesinde katki sundugunu ortaya koymustur (Kiigiiksara¢ &
Sayimer, 2016). Ozellikle son yillarda Fen egitiminde teknoloji ve uygulamalarina daha fazla yer
verilmektedir. Ancak egitimde en az kullanilan materyallerden ancak egitime giiclii bir katki saglayacak
yontem ve tekniklerden biri artirllmis gerceklik [AG] teknolojisidir (Sarica, 2019). AG uygulamalari,
gercek diinyayla baglantisin1 kesmeksizin sanal nesne ve iceriklerin gercek ortam goriintiilerine dahil
edildigi, hem gercek hem de sanal nesnelerin beraber bir ortamda gériilmesini saglayan bir teknolojidir
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(Iicten & Bal, 2017). Bu calismada, ortaokul yedinci ve sekizinci simf 6grencilerinin astronomi
okuryazarlik diizeylerinin tespit edilmesi ve 6grencilerin astronomi okuryazarlik diizeyleri iizerine
artirilmis gercgeklik (AG) uygulamalarinin etkisinin arastirilmasi amaglanmaktadir.

Yontem

Arastirmada yar1 deneysel yontem (quasi-experimental research) ve Ontest-sontest kontrol
gruplu deneysel desen kullanilmistir (Biiyiikoztiirk, 2011). Bu calismada, deney gruplari iizerinde etkisi
incelenen bagimsiz degisken, artirilmis gerceklik uygulamalaridir. Kontrol gruplarinda ise, Fen Bilimleri
dersi 6gretim programinda Onerilen uygulamalardir. Gruplardaki bagimli degisken ise, astronomi
okuryazarlik diizeyidir. Arastirmada, ¢alismaya katilan 6grencilerin astronomi kavramlar: temelinde,
astronomi okuryazarlik diizeyleri O0grenme siirecinden oOnce ve sonra izlenmistir. Deneysel
arastirmalarin temel 6zelligi bagimsiz degiskenlerin kontrol edilebilmesidir (McMillan, 2000, s. 207).
Bu arastirmada, olasilik temelli olmayan 6rnekleme yontemi kullanilarak, uygun 6rnekleme yontemine
gore calisma grubu se¢ilmistir. Bu yontemde, katilimcilar arastirmacinin kolay ulasabilecegi, arastirma
icin goniilli ve uygun bireyler arasindan secilmektedir (Gravetter & Forzano, 2012). Calisma grubu,
2021-2022 egitim-6gretim yili bahar doneminde Ankara ili merkez ilgesinde bir devlet ortaokulunda
0grenim goren yedinci ve sekizinci sinif 6grencilerinden (n7.smf =46 ve ngsme= 49) olusmaktadir. Calisma
stiresince iki deney, iki kontrol grubu olmak {izere dort ayri sinif ile calisilmistir. Aragtirmanin verileri
SPSS istatistik programi ile analiz edilmistir.

Bulgular

Arastirmadan elde edilen verilerin analizi sonucunda ortaokul yedinci ve sekizinci sinif
ogrencilerinin uygulama 6ncesi astronomi okuryazarlik diizeylerinin diisiik seviyede oldugu dikkat
¢cekmistir. Uygulama sonrasinda artirilmis gergeklik uygulamalart ile yiiriitiilen derslerde deney grubu
yedinci ve sekizinci sinif 6grencilerinin astronomi okuryazarlik diizeylerinin yiiksek diizeye ulastigi
gozlenmistir. Artirilmis gerceklik [AR] uygulamalarinin 6grencilerin astronomi okuryazarlik diizeyleri
tizerinde olumlu bir etkiye sahip oldugu tespit edilmistir. Uygulama sonrasinda kontrol grubu
ogrencilerinin MEB ders kitaplarinda oOnerilen uygulamalarla yliriitiilen derslerde astronomi
okuryazarlik diizeylerinin orta diizeye ulastigi goriilmiistiir. Kontrol grubu 6grencilerinin astronomi
okuryazarlik diizeyleri deney grubu &grencilerine gore daha diisiiktiir. Ozellikle deney grubu
ogrencilerinin; astronomi okuryazarlik diizeylerinin duyussal ve davranigsal boyutunun oldukga yiiksek
diizeyde gelistigi ortaya ¢ikmistir.

Tartisma ve Sonug

AG uygulamalarinin 6gretim yontemleri arasinda etkili bir yontem oldugu ve 6grencilerin
bilissel, duyussal ve davranissal 6grenmelerine olumlu katki sagladigi gorilmektedir (Abdiisselam,
2014; Abdiisselam & Karal, 2012; Akcayir et al., 2016; Bressler & Bodzin, 2013; Buchner & Zumbach,
2018; Chen etal., 2015; Chiang et al,, 2014; Enyedy et al., 2012; Fleck et al., 2014; Hsiao et al., 2012; ibili
& Sahin, 2013; Kiiciik et al,, 2014;Lin etal,, 2013; Tarng et al,, 2021). Uygulamalarinin bilginin kaliciligini
artirdigl yoniindeki sonuglara ulasilmistir. Bulus Kirikkaya ve Senttirk (2018) Fen Bilimleri dersi giines
sistemi ve Otesi linitesi 6gretiminin AG destekli uygulama ile gerceklestirilmesi sonucu deney grubu
ogrencileri lehine akademik basari diizeylerinde anlaml bir fark oldugu sonucuna ulasmigtir. Calisma
sonuglara gore, artirllmis gerceklik uygulamalarinin, 6égrencilerin astronomi okuryazarlik diizeyleri
tizerinde etkili oldugu soylenebilir. Kismi etki biiytikligii degeri de, calismanin sonucunu destekler
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niteliktedir. Alanyazin incelendiginde, AG uygulamalarinin 6grencilerin tutum, ilgi, motivasyon gibi
duyussal kazanimlarina olumlu katki sagladig gortilmektedir (Bulus Kirikkaya & Sentiirk, 2018; Duman
& Oncii, 2016; Delello, 2014; Ersoy, Huang, et al,, 2016; Furi6 et al., 2015; Hsiao et al., 2012; Ibanez et
al, 2014; Khan, et al., 2019; Megahed, 2014; Onur, 2021; Ozeren, 2020; Pozharina, 2019; Tandogan,
2019). Ozeren (2020) HiicreAR adli AG materyali ile gerceklestirmesi siirecinden sonra égrencilerin
daha yiiksek bir motivasyon ve basar1 elde ettikleri goriilmiistiir. Eski ¢aglardan baslayan ve hizla
gelisen teknoloji ile dnemi giderek artan astronomi biliminin okuryazarhigi, bilimsel okuryazarliginin
onemli bir parcasidir. Bu baglamda, bireylerdeki astronomi okuryazarliginin gelistirilmesine yonelik
yapilan calismalar olduk¢a énemlidir.

Oneriler

Bu aragtirmada elde edilen sonuglara gére; cesitli onerilerde bulunulabilir: Ogrencilerin
astronomi okuryazarlik diizeylerinin tespit edilmesi ve 6grencilerin astronomi okuryazarlik diizeyleri
tizerine artirllmis gerceklik (AG) uygulamalarinin etkisini tespit etmek lizere yapilan bu arastirma
sonucunda; uygulama oncesi 6grencilerin astronomi okuryazarlik diizeylerinin diisik oldugu
belirlenmistir. Bu bakimdan 6grencilerin astronomi okuryazarlik diizeylerini arttiracaklar: artirilmis
gerceklik uygulamalarina daha ¢ok yer verilebilir. Calismada ortaokul 7. ve 8. sinif 6grencilerinin
astronomi okuryazarlik diizeylerini artirici etkinliklere yer verilmistir. Daha sonraki ¢alismalarda,
egitimin her kademesinde, 68rencilerin astronomiye yonelik yeteneklerini fark etmelerine olanak
taniyacak calismalar yapilabilir.
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Appendix
Appendix 1. Astronomy Literacy Scale
CHAPTER 1 (Astronomy Literacy Self-Perception)

1. How much do you think you know about astronomy?
A. Too much

B. More

C. Intermediate

D. Not much

E. None

2. How would you describe yourself about doing studies/research on astronomy?
A.Ido alot of study/research.

B.1do more work/research.

A.Ido a moderate amount of study/research.

D.Idon't do much study/research.

E. Never

3. Which of the following contributes the most to learning the subjects and concepts related to astronomy?
A. Lessons at school

B. Internet

C. Television

D. Article/book/magazine/newspaper

E. Family/Friends

4. Which of the following do you talk about studies, researches or subjects related to astronomy?
A. Teachers

B. Friends

C. Family

D. People in the virtual environment

E. Nobody

5. How often do you talk to people around you about astronomy-related topics?
A. Too much

B. More

C. Intermediate

D. Not much

E.None
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CHAPTER 2 (The Affective Dimension of Astronomy Literacy)
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1. 1.lam interested in astronomy.
2. 2.1 enjoy learning new information about astronomy.
3. 3.Ican easily learn the concepts and subjects related to astronomy.
4. 4.1 make mistakes when explaining astronomy concepts.
5. 5. Astronomy has no contribution to my daily life.
6. 6.1don't want to work on the sky.
CHAPTER 3 (The Behavioral Dimension of Astronomy Literacy)
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7. 1.1 observe the sky using sky survey programs (Google sky, sky map,
NASA, sky walk etc.).
8. 2.1 watch the sky with the naked eye (without any observation tool)
at night when the weather conditions are suitable.
9. 3.Ifollow the astronomer or astronauts who work on the sky on social
media.
CHAPTER 4 (Cognitive Dimension of Astronomy Literacy)
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10.

1. I can express the geometric shape of the sun.

11.

2.1 can explain the direction, duration and consequences of the Sun's
rotation.

12.

3.1 can express the geometric shape of the Earth.

13.

4.1 cannot tell the size of the moon.

14.

5.1 can explain the moon's age.

15.

6.1 can express the geometric shape of the moon.

16.

7.1 cannot explain how stars are formed.
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