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ABSTRACT

THE EFFECT OF AUGMENTED REALITY SUPPORTED
INSTRUCTIONAL ACTIVITIES ON GIFTED STUDENTS’ ATTITUDES
TOWARDS ASTRONOMY

Aktas, Aysenur
Master of Science, Computer Education and Instructional Technology
Supervisor : Prof. Dr. Omer Delialioglu

August 2023, 80 pages

This study aims to investigate the impact of Augmented Reality (AR) supported
instructional activities on the attitudes of gifted students towards astronomy. For this
reason, a mixed method study was conducted to examine the changes in the attitudes
of students in a public Science and Art Center, which serves gifted learners, towards
astronomy after using AR-supported instructional astronomy activities. For the
qualitative part, one demographic and one perception survey consisting of 10 open-
ended questions were given at the end of the science lesson to understand if AR-
supported astronomy activities had an effect on the attitudes of students towards
astronomy. The quantitative part was based on a pre-test and post-test design,
including a survey with 25 Likert scale items to determine whether the adoption of
AR applications shifted the perspectives of gifted students on astronomy. A total of
20 secondary school students participated in the study and were engaged in AR
activities for two hours a week for a period of two weeks. The quantitative data were
analyzed with paired sample t-tests, and thematic analysis was utilized for qualitative
data. According to the findings, AR activities utilized during the astronomy courses
had a positive effect on the attitude towards astronomy of gifted secondary school

students. The qualitative data revealed that this was because of visualization, hands-



on learning, learning by having fun, cooperative learning, concretizing abstract

concepts and integrated technology-supported education methods.

Keywords: Augmented Reality, Gifted Students, Astronomy, Science Education
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ARTIRILMIS GERCEKLIK DESTEKLI OGRETIM ETKINLIKLERININ
OZEL YETENEKLI OGRENCILERIN ASTRONOMIYE YONELIK
TUTUMLARI UZERINDEKI ETKIiSi

Aktas, Aysenur
Yiiksek Lisans, Bilgisayar ve Ogre}im Teknolojileri Egitimi
Tez Danismani: Prof. Dr. Omer Delialioglu

Agustos 2023, 80 sayfa

Bu ¢alisma, Artirilmis Gergeklik (AG) destekli 6gretim etkinliklerinin 6zel yetenekli
ogrencilerin astronomiye yonelik tutumlar1 iizerindeki etkisini arastirmay1
amaclamaktadir. Bu nedenle, Tiirkiye’de 6zel yetenekli 6grencilere hizmet veren bir
Bilim ve Sanat Merkezi 6grencilerin astronomiye yonelik tutumlarindaki degisimleri
incelemek icin, AG destekli 6gretici astronomi etkinliklerinin kullanildig: bir karma
yontem c¢alismast yapilmistir. Calismanin basinda verilen bir demografik ve
calismanin sonunda verilen on agik uclu sorudan olusan goriisme sorularini igeren
nitel bolim, AG teknolojisinin ortaokul &grencileri arasinda astronomi bilimine
yonelik tutumlarindaki olast degisimleri incelemektedir. Nicel kisim, AG
uygulamalarinin benimsenmesinin 6zel yetenekli 6grencilerin astronomiye bakis
acilarin1 degistirip degistirmedigini belirlemek i¢in yiirlitilen 25 Likert dlgegi
sorusundan olusan bir 6n test ve son teste dayanmaktadir. Bunun yaninda, 20
ortaokul dgrencisi haftada iki saat olmak iizere, iki hafta boyunca AG etkinliklerine
katilmistir. Nicel veriler eslestirilmis orneklem t-testleri ile analiz edilmis ve nitel
veriler i¢in tematik analiz kullanilmistir. Bulgulara gore, 6zel yetenekli ortadgretim
ogrencilerinin, astronomi dersleri sirasinda kullandiklar1t AG etkinlikleri sayesinde

astronomiye karsi olumlu bir tutum sergiledigi sonucuna ulasilmistir. Nitel veriler

Vil



Ogrencilerin gorsellestirme, uygulamali 6grenme, eglenerek 6grenme, isbirlikei
ogrenme, soyut kavramlari somutlastirma ve teknoloji destekli egitim yontemlerini

derse entegre etme gibi nedenlerle olumlu bakis agis1 gelistirdigini agiga ¢ikarmistir.

Anahtar Kelimeler: Artirilmis Gergeklik, Ozel Yetenek, Astronomi, Bilim Egitimi
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CHAPTER 1

INTRODUCTION

In this chapter, the background of the study, problem statement, purpose and the
research questions of the study, significance of the study, and definiton of terms will

be presented respectively.

1.1 Introduction

Since the launch of the Sputnik-1 satellite by the Soviet Union in 1957, human
interest and curiosity in space have evolved in response to various factors such as
technological advancements, scientific innovations, and environmental conditions.
The launch of Sputnik 1 into space marked the beginning of a new era for astronomy
education across the globe, shifting astronomy education into another dimension
(Cetin, 2021; Kalkan & Yener, 2022). After this period, worldwide competition for
space exploration was initiated, prompting nations such as the United States and
Russia to modify their educational programs to secure a position in international
economic competition.

As we entered the 21st century, education systems have aimed to cultivate students
who possess the necessary skills to shape the future, including proactivity,
entrepreneurship, knowledge-building, cooperation, analytical and critical thinking,
and problem-solving abilities by having shifted from a teacher-centered approach to
a student-centered active learning approach (Gulli, & Akcay, 2022; Kalkan &
Yener, 2022; Marché¢, 2002; Pekdogan & Bozgiin, 2017; Sirajudin, & Suratno, 2021;
Yildirim, 2021; Yiizge¢ & Okusluk, 2023). In the report of the Ministry of National
Education (MoNE), the most notable aspect of the 2018 scientific education



curriculum was the inclusion of engineering education in the curricular goals to
respond to 21st-century human profiles, including critical thinking, problem-solving,
engineering skills, etc. Merely incorporating science courses and scientific literacy
skills into the secondary education curriculum might not suffice, as it is imperative
for students to also cultivate an eager interest in science, particularly in astronomy.
It can be said that the efficacy of the traditional education approach in facilitating
universal literacy and fostering the acquisition of 21st-century skills, which are
improving rapidly, is limited; that is why these skills need to be acquired by
individuals in line with global goals (Yildirnm & Gelmez-Burakgazi, 2020; Yiizgeg
& Okusluk, 2023). By running into challenges in everyday life and coming up with
solutions, these students advance in science and technology in line with the pace of
their country’s progression (Kuo et al., 2019).

Over the recent years, MoNE has significantly emphasized astronomy’s significance
by modifying the curriculum (Yiizgeg¢ & Okusluk, 2023). This was further supported
by The Scientific and Technological Research Council of Turkiye (TUBITAK)
2018-2022 strategic plan, which has aimed to promote the advancement of space
technologies and astronomy. Subsequently, Tirkiye demonstrated a keen interest in
these research endeavors and established the Turkish Space Agency, thereby
implementing the National Space Program (Kalkan et al., 2021).

Educators have a significant role in this regard because it is essential for them to
develop flexible and dynamic teaching methods and curricula in order to recognize
gifted students and develop their talents because the regular education programs
which these pupils participate in do not provide them the chance to develop their
abilities further (Kaya & Bayra, 2019). The aim is to cultivate a community engaging
in critical analysis, inquiry, resolution of complex issues, imaginative thinking, and
originality.

This research was carried out at Science and Art Centers (BILSEM), which have
been places in Turkiye where academically talented students being offered extra-
curricular activities during the evenings or on weekends. They participated in various

activities and classes designed to help them develop their imagination, capacity,



critical thinking abilities, and intelligence (Bilgic et al., 2013; Pekdogan & Bozgiin,
2017). In order to provide gifted students in Turkiye a diversified education program
that goes beyond the school curriculum, the first BILSEM was founded in the
academic year 1994-1995, so these students could realize their potential and
contribute to both themselves and society with the differentiated education program
(Saritas et al., 2019).

In summary, there is a demanding need to make progress in the field of space science
in order to fulfil the demands of the current era. The principal objective of this
research is to demonstrate that utilizing AR-supported instructional activities among
gifted students makes astronomy readily accessible, enjoyable, and comprehensible,
intending to enhance students’ motivation and, because of all these, foster a positive
attitude towards astronomy. Participants were selected from a public Science and Art

Center, an institution responding to gifted students in Turkiye.

1.2 Problem Statement

The competition among nations in the realm of science and technology on a global
scale is driven by the desire to enter space and achieve advances in space exploration
(Bilgic et al., 2013). To remain competitive globally, it is imperative to equip
students with 21st-century skills and incorporate science courses into the curriculum.
As learning astronomy is essential for equipping students with the skills necessary
for success in the 21st century, traditional methods of instruction might not be able
to interest students or help them grasp challenging astronomical ideas completely;
the need for differentiated education for gifted students has been repeatedly stated

by many experts and researchers (Saritas et al., 2019).

Before the research started, an interview was conducted at the Science and Art
Center. It was seen that astronomy was perceived as a challenging subject for
students. Accordinly, the rationale behind this phenomenon was the students’
inability to engage with astronomy topics. The teachers believed that these subjects

were not readily accessible, and the students had reservations due to their limited



knowledge in this domain. Students have the potential to get inspired for learning
astronomy and develop themselves without relying on a telescope and nighttime

observation.

The integration of AR, which provides a variety of mobile applications that can
potentially improve technology-supported education, is imperative for science
education and the rapid expansion of related fields. As previously mentioned, the
research on learning experiences has shown that AR not only makes abstract
concepts concrete but also transforms the environment into an authentic
environment, creating flexible and individual study/learning opportunities for
students, increasing students’ academic achievement, motivation and focus on the
lesson (Abdusselam, 2014; Chin et al., 2018a; Chin et al., 2018b; Chen et al., 2022;
Di Serio et al., 2013; Gopalan et al., 2023; Guo et al., 2017; Dede, 2009; Kul &
Berbe, 2022; Radu, 2012; Rosenbaum et al., 2007; Sotiriou & Bogner, 2008; Yen et
al., 2013).

Consequently, it is essential to study this field to examine how gifted learners’
attitudes towards astronomy may be nurtured. As a result, this study aims to
investigate how the use of AR-supported instructional astronomy activities

influences the attitudes of gifted students towards their astronomy subjects.

1.3 Purpose and Research Questions

This study aims to investigate the impact of Augmented Reality (AR) supported
instructional activities on the attitudes and perceptions of gifted students towards

astronomy by addressing three primary research questions.

Q1. How do gifted students perceive the utilization of Augmented Reality (AR) in

their astronomy-related activities?

Q2. What are gifted students’ perceptions regarding Augmented Reality (AR) mobile

application use in science courses?



Q3. Is there any change in the attitudes of gifted students towards astronomy
subject after the implementation of Augmented Reality (AR) supported

instructional astronomy activities?

1.4  Significance of the Study

In the present context, significant investments have been allocated towards
advancing technology-supported education. The significance of the study is that
many astronomy concepts remain at an abstract and complex level for secondary
students since astronomy concepts require night observations, and equipment like
telescopes, as well as the topics are abstract and hard to discover. This study
contributes positively to students’ attitudes towards learning and exploring
astronomy by providing concrete examples thanks to the Augmented Reality (AR)
application and supporting active learning with hands-on experiments.

In many nations, scientific courses that contribute to science, such as physics,
chemistry, biology, and astronomy, are taught by thoroughly comprehending several
interdisciplinary subjects. The ability to simultaneously engage with many
interdisciplinary fields is particularly advantageous in the education of astronomy
courses. Astronomy entails a fusion of core principles of countless scientific
disciplines, enabling students to grasp intricate concepts more effectively and put
their knowledge to use more extensively.

This study aims to examine the use of AR-supported instructional astronomy
activities’ effect on gifted students’ perspectives and attitudes toward astronomy. By
understanding the impact of AR activities that integrate scientific experiences on
skill development and the formation of scientific views among students, the study
also seeks to assess the potential influence of such actions on students’ attitudes and
perceptions towards astronomy, thereby enhancing their educational experiences and
identifying effective strategies to cultivate their interest in scientific exploration and

having careers in science.



It is crucial to equip students with the necessary skills to tackle 21st-century
challenges and become proficient, innovative, analytical, and proficient in
technology (Corlu et al., 2014; Gullu & Akcgay, 2022; Kayan-Fadlelmula et al.,
2022). In contrast to traditional teaching methods, they are used to, Augmented
Reality (AR) applications provide students with differentiated experiences, and these
students maintain a positive attitude towards the course content when using such
methods (Kerawalla et al., 2006). It also provides the differentiated education that
gifted students should receive. The present research is noteworthy since it is one of
the few to specifically examine students’ interest in astronomy and employ AR

applications connected to technology-supported methods.

15 Definition of Terms

Augmented Reality (AR): In the process of observing the real-world environment
using a variety of technological devices, Augmented Reality (AR) contributes to the
real-world setting by bringing virtual items (such as text, animation, music, images,
video, and 3D models, among other things) into harmony with them in a
simultaneous way. It is possible to say that they can be used in all areas of life, from

health to education, mainly because they are available on mobile phones.

Astronomy: Astronomy, one of the oldest scientific fields, is distinguished by its
ongoing progression. The field of study involves the examination of the universe and

all celestial bodies within the vastness of the celestial sphere.

Attitude Towards Astronomy: A range of cognitive practices that are used in
scientific education is called attitudes towards astronomy. It involves embracing
scientific research about the universe as a mode of thought, internalizing and
adopting scientific principles used in astronomy in everyday life, taking pleasure in
astronomy learning experiences, developing a greater interest in astronomy and

activities related to astronomy, and desiring to pursue a career in astronomy.



Gifted children: These individuals exhibit superior comprehension, cognitive
capacity, inquisitiveness, critical thinking abilities, emotional intelligence, artistic
aptitude, memory retention, and self-awareness compared to their counterparts
within the same age group. It is imperative to provide these children with the
opportunity to cultivate their abilities by providing a specialized or differentiated

education distinct from that of their classmates.






CHAPTER 2

LITERATURE REVIEW

In this chapter, a review of literature related to technology-supported learning,
Augmented Reality (AR) in education, astronomy education, AR in astronomy

education, gifted students, and attitudes towards astronomy will be presented.

2.1  Technology-Supported Learning

The use of technology is becoming increasingly common in education (Duralia,
2020), just like other disciplines as part of globalization (Inderawati et al., 2019).
Numerous studies have been conducted on education supported by technology,
particularly since the emergence of computers in our lives, followed by the rapid
growth of the Internet. The impact of technological advancements has not only
influenced human existence but has also brought significant transformations in the
education sector. This evolution has been evident in various stages, necessitated by
technological advancements, such as the shift from traditional chalkboards to
interactive smart boards and subsequently to mobile learning, which encompasses
Internet-based education delivery, enabling access to education from any location
(Coskun & Kog, 2021; Delialioglu & Yildirim, 2007; Moldovan et al., 2014). As
stated in the OECD Report (2015), information and communication technologies
support student-centered teaching and enhance learning by allowing students to
reach the knowledge easily that they cannot find in coursebooks by diversifying the

ways in which they can practice their knowledge.

Because students are facing lots of information, they need to find what is most
relevant and useful for them by noticing outmoded assumptions and critically
considering ways to change them, and technology may be beneficial to help them in
this process (Vogel & Klassen, 2001). In order to have the 21st-century skills



required, every child should receive an education that is constantly renewing itself
and under the era’s requirements. This is possible with an education including up-
to-date technological facilities (OECD, 2015; Wang, 2022). With the development
of technology, almost all the audio, images, documents, and other resources used in
the traditional method have been digitized and gathered in the field of Information
and Communication Technologies (Fernandez-Batanero et al., 2022; Mena et al.,
2023). Students now have the opportunity to enhance their learning experiences by
surpassing the limitations of traditional education by accessing an abundance of
information through the use of tablets, phones, and other smart devices without being

constrained by physical or temporal boundaries (Dabbagh et al., 2019).

Technology-enhanced learning relies heavily on an Internet connection. It offers a
flexible educational experience to both learners and teachers. While advancements
in educational technology continue to evolve, the availability of software and
applications also significantly expands (Tzur et al., 2021). Students are able to
autonomously access information and develop themselves independently from
traditional education, which is organized in a teacher-to-student direction (Pelgrum,
2001). Learners could receive feedback while engaging in self-regulated learning to
enhance their problem-solving skills, develop cognitive scaffolding, and enhance
their abilities in collaboration and, when needed, communication (Schraw et al.,
2006). Besides, technology-supported learning provides a flexible learning
environment in a digital world, offering students adaptation content according to
their backgrounds and desires via either online face-to-face classes or well-structured
asynchronous classes (Blau et al., 2020) with computers, mobile devices, tablet PCs,
smart boards, programs used in text-to-speech and speech to text, and artificial
intelligence applications (Dogan & Delialioglu, 2020).

According to scholarly literature, the implementation of the Science, Technology,
Engineering, and Math (STEM) approach is highly compatible with the cognitive
and affective requirements of these learners, as it fosters their divergent thinking
abilities, thereby facilitating their capacity to generate innovative solutions to the
complex challenges of contemporary life (Kayan-Fadlelmula et al., 2022; Sirajudin

10



& Suratno, 2021). STEM is an acronym for Science, Technology, Engineering, and
Mathematics (Sirajudin & Suratno, 2021), endeavors to equip students with the
necessary skills to tackle 21st-century challenges and become a proficient,
innovative, analytical, and technologically adept workforce (Corlu et al., 2014; Gullu
& Akcay, 2022; Kayan-Fadlelmula et al., 2022). STEM enables students to realize
their student-centered and extra-curricular learning goals (Elliniadou &
Sofianopoulou, 2021). The integration of AR in STEM education has been found to
enhance students’ motivation, perspectives, participation, and interest in the fields of
physics and astronomy (Elliniadou & Sofianopoulou, 2021; Onal & Onal, 2021;
Yiizge¢ & Okusluk, 2023).

2.1.1 Augmented Reality (AR) in Education

Technological advancements have consistently sought novel and noteworthy
pedagogical approaches in collaboration despite the adequacy of contemporary
teaching methods (Herfana et al., 2019; Sirakaya, & Sirakaya, 2022). In particular,
developments in innovative Industry 4.0 information technologies offer numerous
options in education and communication. Augmented Reality (AR) has been one of
the technologies that attracted the attention of researchers in recent years (Herfana et
al., 2019; latsyshyn et al., 2020; Yildirim, 2021). L. Frank Baum, a science fiction
writer, initially proposed the idea of Augmented Reality (AR) in 1901 while referring
to virtualizing the real world (Kapoor & Naik, 2020). Azuma (1997) provided the
initial definition of AR, a virtual visualization technology derived from Virtual
Reality (VR).

Three key criteria characterize AR technology, according to Azuma (1997): the
integration of real and virtual worlds, real-time interaction, and 3D transfer of virtual
and real worlds. Besides, AR can be characterized as a highly interactive
representation of the virtual world that incorporates various multimedia elements

such as sound, graphics, text, video, animation, and three-dimensional models,

11



among other computer-generated images (Cheng & Tsai, 2013; Demirer & Erbas,
2015; Emiroglu & Kurt, 2017).

Kul ve Berbe (2022) characterized this innovation as the simultaneous and three-
dimensional visualization of virtual items in the real world’s environment. Educators
employ AR to create an immersive learning environment, hence facilitating the
presentation of content in a physical and realistic way, providing individuals to
participate in authentic three-dimensional exchanges and fostering an immersive
learning experience (Ebadi & Ashrafabadi, 2022; Zhufeng & Sitthiworachart, 2023).
In particular, the attitude towards astronomy has been found to be noticeably higher
in authentic learning environments according to the studies (Arslan et al., 2020). AR
activities provide the authentic learning environment that students need by modeling
and presenting the objects they have in their daily lives in the classroom (Gecu-
Parmaksiz & Delialioglu, 2020).

Although it is sometimes compared to VR technology, which puts the user
completely inside the virtual environment (Garzon et al., 2019), according to
Sirakaya & Sirakaya (2022), the use of technology that enables AR has a more
significant number of benefits than VR does. As researchers indicate, one of the most
essential advantages of AR is that it can be used to visualize concepts that are
difficult to observe (Garzon et al., 2019).

AR technologies are utilized across various educational levels, ranging from primary
schools to universities, and offer students an opportunity based on inquiry by
enriching the learning environment and providing cognitive support while enabling
course materials to be brought into the learning environment through multiple media
(Akcayir & Akgayir, 2017; Chen et al., 2006; Fleck, & Simon, 2013; Lin & Yu,
2023; Ozgakir & Cakiroglu, 2022; Turhan et al., 2022; Wang et al., 2022). According
to research, adding a digital environment of AR to an educational setting can enhance
learning in minimum of three ways: by promoting contextual learning, various
perspectives, and enabling to transfer (Dede, 2009).

According to Kul and Berbe’s (2022) research, the implementation of AR in
educational settings has been found to enhance motivation levels which play a role

12



in improving students’ learning outcomes, creativity, and overall quality of learning,
with the promotion of collaboration, the visualization of abstract concepts, and the
integration of potentially hazardous or challenging course materials into the
classroom. Especially in science education, where there may be a large number of
abstract concepts that require investigation, AR can be utilized to visualize them
effectively (Wang, 2022). Making the teaching material visible by concretizing, it
facilitates the student’s understanding of the visual concept (Yen et al., 2013), and
students also develop positive attitudes towards science (Cetin & Tirkan, 2022).
Zhao et al. (2023) showed in their study that the group using AR increased their
interest and motivation in learning and paid higher attention to the given tasks, thus,
it is plausible that an increase in motivation towards science education may be
observed through this method (Akgayir et al., 2016; Chiang et al., 2014; Sirakaya &
Sirakaya, 2018; Yildirim, 2021). According to Kaur et al. (2020), the utilization of
AR during problem-solving activities enables students to experience a virtual
representation of the real world, fostering an active and engaged learning
environment; as a result, the motivation of learners is improved. Yildirim (2021)
reached the conclusion that being able to reach the object in three-dimensional
environments enables students to participate in the lesson more effectively and with
fun, and in this way, the attitude and interest of students who can learn the subjects
that they may have difficulty in learning more motivated and more straightforward
and their attitude and interest in science increase with AR, underscored the need for
further research to comprehensively recognize the impact of AR implementations on
students’ motivation, attitude, viewpoint, and accomplishment. In addition to all the
benefits of AR, Di Serio et al. (2013) also stated that implementing AR increases the

motivated participation of students in the lesson.

2.2 Astronomy Education

Astronomy, a fundamental branch of science, holds significant importance, and this

fact must be duly recognized in the training of upcoming space scientists and
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astronomers. The emergence of astronomy, one of the oldest disciplines of science
that examines the universe and its celestial bodies and their properties, is founded on
the observation of bright celestial bodies in the night sky and the invention of the
necessary instruments to satiate this curiosity (Kalkan et al., 2021; Kocak & Oralhan,
2022; Yavuz-Civ et al., 2022). According to Percy (1998), astronomy’s practical and
philosophical uses have affected almost every civilization, including aspects such as
seasons, timekeeping, navigation; long-term issues like climate change and
biological evolution, promoting physics and other fields, addressing the origins of
life, showing where we are in time and space and how we are connected to other
Earth species, showing a vast universe, encouraging inquiry, invention, and shared
discovery. The significance of seasons and the agricultural practices necessary for
sedentary living have piqued the interest of scholars, and it is believed that early
humans initially relied on celestial bodies for navigation and subsequently developed
calendars (Kogak, & Oralhan, 2022; Yavuz-Civ et al., 2022). Astronomy affects
many parts of our everyday lives and is a science field that is constantly changing,
but it also makes people more curious and more likely to want to explore and learn
new things and be creative.

The inclusion of astronomy in the education and training programs of developed
countries is due to its limitless scope (Ayvact & Sezer, 2018) and its ability to
facilitate the advancement of other scientific disciplines (Cevik & Onal, 2021), and
the constant renewal of astronomy through technological advancements involves
various scientific processes, such as observation and data collection (Kalkan &
Yener, 2022; Tunca, 2002; Karacam, et., 2022). Astronomy also exerts a reciprocal
influence on sciences such as physics, chemistry, and biology, just as these sciences
impact the field of astronomy (Karacam et al., 2022; Kocak & Oralhan, 2022).
Astronomy instruction aims to develop in students an interest in the field and equip
them with astronomical knowledge and the ability to observe the night sky (Zhang
etal., 2014).
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2.2.1 AR in Astronomy Education

The integration of Augmented Reality (AR) applications into education facilitates
the development of scientific literacy and fosters comprehension of complex
environmental concepts. Compared to the majority of other scientific disciplines, the
field of astronomy is inadequate in making observations, which is one of the
requirements of science since observations must be conducted at night and outside
with optimal weather conditions away from light pollution and it is not always
possible to do so (Zhang et al., 2014). AR applications facilitate the exploration of
the universe, enable the investigation of celestial objects in three dimensions, and
simulate astronomical events, particularly in the field of astronomy (Lee, 2012).
Notwithstanding the significance and specialization of astronomy as a scientific
discipline, research indicates that learners may encounter challenges in
comprehending astronomical topics due to the abstract and intricate nature of
astronomical concepts (Onal & Onal, 2021; Yu & Sahami, 2007). Virtual
applications utilizing AR overlay digital structural models onto tangible objects,
offering students a secure and interactive substitute for conventional dissection
practices. In order to overcome this challenge, scholarly research recommends that
astronomy instruction should be augmented with the use of modeling and
simulations, and ideally, resolutions should be derived through observation (Zhang
et al., 2014); for this purpose, the technology of AR may be employed in a way that
is both simple and effective to bring abstract astronomical concepts to life (Onal &
Onal, 2021). In their study, Liu et al. (2007) underlined that AR is more practical
and effective in enhancing attention and comprehension compared to the traditional
didactic teaching method. In another study, Shelton and Hedley’s use of AR to teach
about planets was more efficient and cost-effective regarding material design than
the traditional two-dimensional narrative method (2002). Chen et al. reached the
same conclusion as others and stated that students who were taught astronomy with
the Cosmos Planet Go AR application achieved higher success by visualizing
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abstract concepts than those who studied astronomy with the lecturing method
(2022).

2.3 Gifted Students

Numerous studies have been conducted regarding the development of a trajectory
for the education of gifted individuals who possess the potential to become future
scientists, influential leaders, and a vital workforce for society (Onal & Onal, 2021;
Watters & Diezmann, 2003) and these bring the potential to support the development
of the country in every field (Kilig, 2015; Kaya & Bayra, 2019). It is very difficult
to reach a definite judgment when defining the concept of giftedness (Gagné, 1995)
because there is no criterion yet to measure it completely (Trost, 2000). After 2010,
the term "special talent™ started to be used instead of terms such as "superior talent",
"gifted"”, and "talented™" by the Ministry of National Education in Turkiye since it is
less categorizing (Omeroglu et al., 2017). The National Association for Gifted
Children employs the term "gifted student™ to refer to individuals who demonstrate
exceptional abilities and talents or who exhibit advanced emotional and cognitive
skills, such as superior language proficiency, an aptitude for reading, and innovative
ways of expression, when compared to their peers, and also, these students possess
increased analytical and perceptual capabilities (Bilgic et al., 2013; NAGC, 2021).
Gifted students are more advanced than their peers in high-level thinking skills,
creativity, motivation, sense of duty, ability, and intelligence (Pekdogan & Bozgiin,
2017; Kaya & Bayra, 2019).

Similarly, it is crucial for educators to establish a non-traditional and permissive
learning atmosphere for these learners, enabling them to investigate and enhance
their cognitive and emotional capacities (Erol et al., 2023). Otherwise, environments
designed for ordinary students, and repetitive curricula may be dull for gifted
students (Kaplan-Say1 & Yurtseven, 2022). Consequently, pupils who encounter
boredom during instructional sessions may encounter a decrease in their academic

performance (Samardzija & Peterson, 2015), and as a consequence of facile learning,

16



individuals may develop a sense of complacency, which may ultimately lead to a
decline in their academic performance over time (Bilgi¢ et al., 2013).

Gifted students can be future scientists who shape and direct societies (Onal & Onal,
2021; Watters & Diezmann, 2003) by supporting the country’s development in all
areas (Kilic, 2015; Kaya & Bayra, 2019). There are various studies on how to follow
a path in the education of gifted individuals. As Onal & Onal (2021) state in their
article, it is crucial for these students to create concepts about astronomy at a young
age and contribute to the future development of this technology. According to Chan
(2001), compared to ordinary students, gifted students tend to be more self-motivated
and independent in flexible learning activities without a rigid plan. In order for these
students to show their full potential, differentiated training and methods suitable for
their level should be used so that they can raise their skills above the existing ones
(Algahtani & Algahtani, 2021; Olszewski-Kubilius et al., 2016) and contribute to
themselves and the society by producing solutions to social and environmental
problems (Cal & Demirkaya, 2020; Kaya & Bayra, 2019). As Bilgic et al. (2013)
stated, these talented individuals will become qualified and creative individuals who
will contribute to scientific developments and technology by working in universities,
factories, research laboratories, and development units. Aware that the level of
development is parallel to the level of technology and education (Kaya & Bayra,
2019), in many developed countries of the world, such as the USA, the UK and
Germany, substantial investments have been made, various institutions have been
opened, and this issue has become a state policy in order for these students to receive
a differentiated education (Erol et al., 2023; Kilic, 2015; Kaya & Bayra, 2019). For
this reason, institutions should be diversified so that gifted students can receive
differentiated and enriched education (Erol et al., 2023).

Bilim ve Sanat Merkezleri (BILSEMs) or Science and Art Centers in English,
educational establishments that offer supplementary instruction beyond regular
school hours to enhance the abilities of talented students and afford them a chance
to demonstrate their potential. This has been highlighted as a noteworthy feature that

Tirkiye may present to other nations, as noted by Kir and Akbagli (2021) in their
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article. To go even farther back in time, the Ottoman Empire established Enderun
Schools in the 15th century with the purpose of educating talented kids. These
schools provided education in science, art, and personality development in addition
to educating differentially genius students who would be trained to become future
managers and scientists (Kilig, 2015). Following this, the relevant ministries,
universities, non-governmental organizations, and The Scientific and Technological
Research Council of Turkiye (TUBITAK) within the Republic of Tirkiye addressed
the issue of providing gifted children with an appropriate education (Bilgic et al.,
2013).

By providing engaging opportunities for active learning, gifted students at the
Science and Art Centers can develop a positive disposition towards science and
receive training to become future scientists and astronomers. These pupils exhibit a
heightened level of curiosity, motivation, and eagerness to acquire knowledge in
comparison to their peers; additionally, they possess artistic aptitude, demonstrate
leadership qualities, exhibit proficiency in analytical thinking, particularly in
mathematical domains, possess an extensive vocabulary, and display a tendency
towards perfectionism (Bilgic et al., 2013; Biiyiikkidik & Simsek, 2021; Erol et al.,
2023) and in order to develop these skills, they should receive an education other
than the traditional one offered in schools (Al-Dhamit & Kreishan, 2016).

By putting students in charge of conducting experiments within the context of a
model of education that is both diverse and distinctive, the goal of BILSEMs is to
provide exceptionally talented students with the opportunity to discover new things
by enhancing the students’ capabilities in the areas of creativity, scientific inquiry,

and critical thinking (Bilgic et al., 2013; BILSEM Guidelines, 2007).

2.4  Attitudes Towards Astronomy

Due to the fact that science contains numerous abstract and complex issues, many
students struggle to comprehend it and are unable to take part in and concentrate on

it (Gerard et al., 2021). In addition to motivation, another factor influencing learning
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is the attitude, which can also be called a pre-disposition towards a subject (Coskun,
& Kog, 2021; Sirakaya & Sirakaya, 2018). Attitudes towards science may be related
to the beliefs that they can be successful in science or the concepts of science, and
the motivation to study science (Cheung, 2018). Students’ attitude towards science
is a subject that has been frequently researched in recent years (Elliniadou &
Sofianopoulou, 2021).

Numerous students have a low success rate in science courses such as Physics,
Chemistry, and Biology, as determined by studies; this is due to their fear of the
course, their lack of prior knowledge, and the abstract nature of the subjects;
therefore, new applications should be incorporated into the course to eliminate this
failure (Timur et al., 2016; Onal & Onal, 2021). The utilization of AR in science
education has been noted to enhance students’ academic performance, foster an
enjoyable learning experience, sustain their interest, attention, and curiosity, and
cultivate a positive attitude towards science (Anil, & Batdi, 2023; Cetin & Tiirkan,
2022; Onal & Onal, 2021; Rauschnabel et al., 2022; Sirakaya & Sirakaya, 2018;
Sahin & Yilmaz, 2020). As a result of learning the lesson in an effective and easy
way, students increase their interest first in the lesson and then in science (Chen &
Liu, 2020).

Technology-integrated science courses are important in terms of attracting students’
attention and increasing their motivation, as they offer the students active learning
through their behaviors and hands-on experiences (Chen & Liu, 2020; Chiang et al.,
2014). Insupport of this, it should not be overlooked that students’ interest in science
fields such as physics, chemistry, and biology has increased, and their interest in
astronomy, which is one of the basic sciences, should be taken into consideration
(Karacam et al., 2022). The implementation of AR in science education has been
found to enhance academic achievement, generate interest in the subject matter, and
promote motivation by providing a more meaningful, comprehensible, coherent,
authentic, and profound learning experience (Anil & Batdi, 2023). The utilization of

AR in the field of astronomy has the potential to enhance the comprehension of
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abstract concepts that are challenging to observe, thereby promoting effective
learning (Coskun & Kog, 2021).
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CHAPTER 3

METHODOLOGY

In this chapter, the research design with three research questions, information about
the participants, data instruments, procedures, data analysis, and assumptions will be

presented.

3.1  Research Design

The present study aims to provide an understanding of the influence of AR-supported
instructional astronomy activities on the attitudes of gifted learners towards
astronomy by evaluating a mixed methods research design, integrating both
quantitative and qualitative data collection and analysis methods. For the current
study, the utilization of a mixed methods design was decided as the most appropriate
methodology for the investigation of this research. A mixed-methods study is a
research design that combines qualitative and quantitative data collection and
analysis techniques within a single study (Creswell, 1999; Fraenkel et al., 2012). The
Astronomy Attitude Scale was used to administer both a pre-test, given to all of the
students before the astronomy session that was delivered using AR, and a post-test,
given after the topic was taught. Examining the astronomy activities and objectives
of the science courses taught in Science and Art Centers was done in line with the
research topic. At the end of the study, the students answered open-ended interview
questions to enhance the reliability of the study with their opinions on AR-integrated

astronomy activities.

The study was guided by research questions that aligned with its purposes. These

questions were as follows:
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Q1. How do gifted students perceive the utilization of Augmented Reality (AR) in

their astronomy-related activities?

Q2. What are gifted students’ perceptions regarding Augmented Reality (AR) mobile

application use in science courses?

Q3. Is there any change in the attitudes of gifted students towards astronomy subject
after the implementation of Augmented Reality (AR) supported instructional

astronomy activities?

3.1.1 Participants

A sample of 20 secondary school children from 5th, 6th, 7th, and 8th grades who
take science lessons were selected from the population of gifted students in Tlrkiye
who are affiliated with a public Science and Art Center (BILSEM). These institutions
select the students in three steps who have been considered gifted and who have been
nominated by their teachers. Firstly, they completed the observation forms in
accordance with their capabilities. The steps continued as the application for group

screening and, thirdly, individual assessment (Saritas et al., 2019).

In the framework of this study, convenience sampling as a method of participant
selection was used. Thus, the researcher accessed the sample easily to collect the
data in a more simple and effective way. There was a total of eight female
participants and 12 male participants. The current study had no control group, and
all the students participated in the same intervention. The students participated in the
study entirely voluntarily, granting participants the autonomy of choosing not to
participate or withdraw from the study at any time. All the parents and students were

provided with consent forms.
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Table 3.1 Demographic Information

Demographic Information Responses N
Female 8
Gender
Male 12
10 5
A 11 9
e
g 12 4
13 2
Never 4
Game 5
. Social Media 6
Purpose of using a smartphone .
Music 1
Homework 2
Watching Videos 2
Never 3
Not much 5
) 30 mins 1
How long do you spend time on your smartphone
. 1 hour 3
in a day?
2 hours 4
3 hours 2
6 hours and more 2
Nothing 15
Not much 3
What do you know about AR? .
Higher level of AR 1
To be very realistic 1
Can be useful. 10
No idea 8
. If the training is not face-to-face, it may not be 1
What do you expect from an AR environment?
fully understood.
It can help us understand things we can’t see 1

with our eyes.

3.2 Data Instruments

Overall, the data collection process consists of three distinct stages. First, students
completed a demographic questionnaire (See Appendix A) about their backgrounds.
Subsequently, a Likert scale attitude survey, which provided the quantitative data for
this study, was given to students at the onset of two weeks (two hours for a week) of

AR-based astronomy lessons before the lessons started. Finally, following the
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completion of the two weeks, post-test interviews were conducted, including open-
ended questions with the Likert scale (post-test) to elicit the attitudes of gifted
students regarding the AR-integrated astronomy courses.

3.2.1 Demographic Survey

The demographic survey was utilized to gather demographic data from participants
through open-ended questions before the AR-integrated astronomy lesson. This data
included age, grade level, gender, and prior experience with VR and AR
technologies. Based on the collected data, it was observed that the ages of the
students were classified into four distinct categories, namely 10, 11, 12, and 13. Most
of the student population, comprising nine individuals, were 11 years old, whereas
two students were 13 years old.

The research included 20 secondary students (12 boys and eight girls). Two pupils
used their phones for at least six hours each, compared to three students who did not
use them at all. Nine pupils spent less than an hour. The majority of the students (11)
preferred to use social media during this time. The sixth question aimed to ascertain
the manner in which students allocate their time with mobile devices. Out of the total
respondents, 11 students reported using their mobile phones for social media,

whereas two students reported using them for schoolwork.

15 students responded that they knew nothing when asked what they knew about
AR, while the other responses did not correspond to the right response such as

“higher level of virtual reality”, or “to be very realistic”.

As requested in question 10, information about AR was being sought. A considerable
proportion of the sample population (i.e., 15 students) reported a need for more
familiarity with AR technology.

The 11th question was designed to ascertain the students’ anticipations regarding the
AR integrated course prior to the commencement of the experiment. Specifically,

the question posed was: “What are your expectations from the AR learning
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environment?” Eight students reported that they did not have any idea, whereas 10
students expressed positive expectations. One student expressed his/her expectation:

“It can help us understand things we cannot see with our eyes.”.

3.2.2 Astronomy Attitude Scale

The study did not involve the development of an entirely new attitude scale. Instead,
permission was obtained (See Appendix B) to employ an existing astronomy attitude
scale from the literature, which was subsequently modified to align with the
demographics of the student group. In 2015, Tirk and Kalkan created the Astronomy
Attitude Scale (AAS) to evaluate the attitudes of secondary school students regarding
the field of astronomy (See Appendix C). The points on the scale are graded from 1
to 5, with 1 indicating complete disagreement and 5 indicating complete agreement
with the statement. The total number of items on the scale was 27, with 17 being
positive and 10 being negative, while the Cronbach-Alpha internal consistency
coefficient was 0.91. The present study involved a reduction in the number of items
to 25 and minor modifications to the structure of selected items to ensure that their
semantic content remained unchanged. The survey comprised two distinct categories

of questions: Likert-scale and open-ended.

The previously mentioned section comprised a total of 25 items. It employed a
Likert-type scale of 5 points, ranging from 1 (representing strong disagreement) to 5
(representing strong agreement), with the highest score being 5 and the lowest being
1. As the factor analysis mentioned in Tiirk and Kalkan’s (2015) study shows, the
Astronomy Attitude Scale (AAS) can be evaluated by dividing it into five main
headings (2015). The first is Application (Q20), the second is Being Interested (Q2,
Q3,Q11, Q12, Q18, and Q19), the third is Daily Life (Q4, Q8, Q13, Q15, Q16, Q21,
Q22, Q23, Q24, and Q25), the fourth is Liking (Q1, Q6, and Q7), and the last is Self
Confidence (Q5, Q9, Q10, Q14, and Q17).
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3.2.3 Interview

The interviews were conducted in response to forthcoming two-week astronomy
lessons incorporating Augmented Reality (AR) technology, each session lasting one
hour. The pupils expressed their experience lasting two weeks, two hours a week,
which was monitored by their educators. They participated in a structured interview
consisting of 10 open-ended questions pre-designed by the researcher before the
interview, through which they provided feedback regarding their learning
experiences. The interview consisted of questions about AR experiences and the

students' attitudes. (See Appendix D)

Table 3.2 Interview

N=20 Interview Questions

Q1 How did you find the Augmented Reality experience, and why?

Q2 How did the use of Augmented Reality in science lessons affect you? How did you feel?

Q3 How did the use of Augmented Reality in science lessons affect the learning process?

Q4 Has the expertise you gained through the Augmented Reality (AR) application helped you to
solve the issues you face in your daily life?

Q5 Do you want Augmented Reality to be utilized in science lessons all the time?

Q6 Did you have any difficulty in processing the subject with Augmented Reality during science
lessons astronomy lesson?

Q7 Do you think that Augmented Reality applications can be used as part of the astronomy learning
curriculum?

Q8 On which subjects do you think such training could be effective?

Q9 On which subjects do you think such training could not be effective?

Q10 Is there anything else you would like to tell the researcher about your experiences in this study?

3.3 Procedures

The astronomy activities, which were delivered through the use of Augmented

Reality (AR), spanned a duration of two hours over a period of two weeks. These
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lessons were conducted utilizing a mobile application specifically designed for
smartphones running on the iOS operating system. Before the start of the
instructional sessions, the researcher translated the lesson plans in the application
into Turkish from English, as presented in Appendices E, F, G, and H. The first
lesson teacher introduced the students to the Night Sky AR app, giving students time
to explore the app. In the second lesson, he started to teach the lesson with the activity
sheets in the hands of the students in accordance with the lesson plan. The students
explored the questions and tried to solve them in groups. At the end of two weeks,
which were taught as two hours of lessons in one week, the students’ attitudes at the

beginning and the end were compared.

To identify the most appropriate AR applications, approximately 10 applications
compatible with Android and iOS operating systems were downloaded and evaluated
to determine the optimal choice. The Night Sky application emerged as the ideal
option after a comprehensive two-day selection process. This application offered free
lesson plans customized to specific age groups and topics, facilitating convenient

and efficient utilization of educational endeavors.

3.31 Instructional Materials

Under the guidance of their instructors, the pupils engaged in a lesson plan that
involved utilizing the iOS Night Sky application while adhering to technology-
supported pedagogical approaches incorporating AR. The application furnished
exemplary lesson plans that were classified by age range and subject matter and
implemented in collaboration with the instructor. Night Sky, an iOS software, helps
users identify planets, stars, galaxies, and constellations by identifying them using
an iPhone camera towards the sky at any time. The application provides an AR
experience for students, enabling them to observe objects in greater detail and access

associated information.
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Point your iPhone at the sky
to find stars, constellations
and more

Figure 3.1 Night Sky Screenshots

Night Sky Application Screenshots, 2023, https://apps.apple.com/us/app/night-
sky/id475772902 Copyright 2023 by iCandi Apps Ltd.

3.3.2 Data Collection

Prior to data collection, the research proposal was subjected to approval by the
research committee and the Human Research Ethics Committee at Middle East
Technical University (See Appendix I). Furthermore, necessary permissions were
obtained from the Public Science and Art Center Directorate, the parents, and
students via the consent forms presented in Appendix J and Appendix K,
respectively. Consequently, data collection was initiated among students under the

guidance of their educators.
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Demographic data was collected through qualitative and quantitative methods
following a two-hour astronomy lesson. The first data collection part involved a
demographic survey, while the second utilized a Likert scale to assess differences in
quantitative data. Subsequently, interviews were conducted to gather the students’
perspectives on science, astronomy, and AR. The data collection ended with the
execution of a qualitative investigation involving open-ended inquiries, which
allowed participants to express their perspectives. Upon arrival at the Science and
Art Center, the students were given a parent permission form to be signed by each
of their parents during the initial week. Following the submission of the properly
signed and authorized documents to their teachers, the individuals were given the
Demographic Data survey before the lesson and proceeded to deliver a two-hour
lecture on astronomy utilizing AR technology. Upon completion of the demographic
questionnaire, the teacher promptly prepared students’ smartphones and proceeded

to implement the astronomy subject lesson plan that had been previously developed.

The instructor not only offered guidance but also monitored the students’ progress
throughout the session and aided in utilizing the application. At the onset of the
lesson, the teacher provided a brief overview of the tabs and features of the Night
Sky Augmented Reality software, which lasted for 5 minutes. Upon the conclusion
of the two-week astronomy lesson, lasting one hour each week, the students were
administered a Likert scale survey and subsequently participated in an interview
session. The responses were entered into the computer system. The information

collected via interviews and surveys was organized into files.
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Table 3.3 First Week Lesson Plan

Topic: Discovering Space History (1* Week)

Purpose (Students will

Step Time  Tasks (Teacher) Tasks (Students) be able to...)

Greeting 3 The teacher asks the students what they ~ The students tell their get ready for the lesson.
expect from the AR-integrated expectations on AR-
astronomy lesson. integrated astronomy

activities to the
teacher.

Lead in 5 The teacher briefly presents Students complete the  use the Night Sky
information about the history of space activity inagroup ina  Application menu and
exploration to the students and divides more comfortable and commands.
the students into groups of 2 and tells confident way.
them to make the application ready on
their phones. The teacher introduces the
menu and buttons of the application to
the students. The teacher introduces the
menu and buttons of the application to
the students.

Presentation 10’ The teacher asks the students to open Students open the identify who were the
the Night Sky app and enter the menu. application and answer  pioneers of space
In the Space Exploration Timeline, the the questions asked by  exploration.
activity prompts them to click on the following the
icon and asks them to see what commands of their
happened on the specified date. Then teachers.
he transmits the other questions on the
activity paper to the students along with
the instructions.

Practice 47 The teacher asks other questions to the Students explore the identify who were the
students as in the lesson plan and application together pioneers of space
expects the students to discover the with their teammates exploration.
answers using the application. and answer the activity  name the first people to

questions asked by travel to the moon.

their teachers. gain knowledge about
the planets visited by
Voyager 2 and various
kinds of satellites.

Discussion 10’ The teacher directs the discussion Students share the have comprehensive
question to the students on the activity answers they will give  information on the
paper and asks the students to discuss to the discussion subject by sharing their
the answer first with their teammates question first with answers during the
and then with the rest of the class. their partners and then  discussion and obtaining

with the class. the missing parts from
their peers.

Closure 5 The teacher shares with the class what Students get a chance review the topics that

was processed during the lesson and
what achievements were achieved in
the lesson.

to see what they are
doing in the lesson at
the close of the lesson.

they have gone over in
the lesson by putting the
information they've
learned into their own
minds in a meaningful
context.
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Table 3.4 Second Week Lesson Plan

Topic: Discovering Mars (2" Week)

Purpose (Students will be able

Step Time  Tasks (Teacher) Tasks (Students) to...)

Greeting 3 The teacher asks the students what they The students tell their  get ready for the lesson.
know about Mars. pre-knowledge on Mars.

Lead in 5 The teacher briefly presents information Students complete the  acquire the knowledge of the
about the discovery of Mars to the activity inagroupina place of Mars in space.
students and divides the students into more comfortable and
groups of 2 and tells them to make the  confident way.
application ready on their phones. The
teacher introduces the menu and
necessary buttons to the students.

Presentation 10’ The teacher asks the students to open the Students open the use the Night Sky Application
Night Sky app and enter the menu. In the application and answer menu and commands.

Space Exploration Timeline, the activity the questions asked by
prompts them to click on the icon on the following the commands
sheet and asks them to see what happenedof their teachers.

on the specified date. Then he transmits

the other questions on the activity paper

to the students along with the

instructions.

Practice 47 The teacher asks other questions to the  Students explore the identify the position, color and
students as in the lesson plan and expects application together with surface of Mars.
the students to discover the answers usingtheir teammates and
the application. answer the activity

questions asked by their
teachers.

Discussion 10° The teacher directs the discussion Students share the have comprehensive
question to the students on the activity — answers they will give to information on the subject by
paper and asks the students to discuss the the discussion question sharing their answers during the
answer first with their teammates and first with their partners  discussion and obtaining the
then with the rest of the class. and then with the class. missing parts from their peers.

Closure 5 The teacher shares with the class what ~ Students get a chance to review the topics that they have

was processed during the lesson and what see what they are doing gone over in the lesson by

achievements were achieved in the in the lesson at the close putting the information they've

lesson. of the lesson. learned into their own minds in
a meaningful context.

3.4  Data Analysis

In the process of observing the changes in student attitudes towards science,

descriptive statistics of the quantitative method were employed to examine through

the Likert scale. A paired-sample t-test was utilized to evaluate the statistical

significance of observed differences. The interview transcripts conducted after the

experiment underwent content analysis as a component of the qualitative data

analysis procedure, which was utilized for figuring out how often themes, words, or

ideas are repeated in a text, transcription of interviews, video recording, or document
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(Mayring, 2004; Nagai, 2015). The transcripts included tagging and analysis to
identify recurring themes and patterns associated with the students’ perceptions and
experiences of astronomy activities that utilize AR. As mentioned earlier, the themes
and patterns were associated with the students’ cognitive and affective responses to
the instructional materials and pedagogical strategies employed in the learning

process.

The study upheld ethical standards to safeguard participant confidentiality, informed
consent, and data protection throughout the research process. Besides, it was carried
out in compliance with the ethical guidelines prescribed by the institutional review

board.

Table 3.5 Data Analysis Method

Research Question Data Source Data Analysis
Q1. How do gifted students perceive the utilization of Demographic Survey
Augmented Reality (AR) in their astronomy-related & Content Analysis
activities? Interview

Q2. What are gifted students’ perceptions regarding Demographic Survey

Augmented Reality (AR) mobile application use in science & Content Analysis
courses? Interview

Q3. Is there any change in the attitudes of gifted students
towards astronomy subject after the implementation of Astronomy Attitude .

. . . Paired Sample T-test
Augmented Reality (AR) supported instructional Scale

astronomy activities?

34.1 Qualitative Data Analysis

Firstly, the data collected from the interviews and demographic survey given at the
beginning were read and examined in a detailed way in the light of the research
questions. The responses were documented on an Excel spreadsheet by hand to
facilitate a comprehensive overview of the answers. Upon close examination of the
responses, they were coded using thematic analysis, and the answers to the questions

were categorized as "Fun, Different, Instructive, Positive, Negative, Interesting,
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Compelling” as the most frequent expressions of students were organized into
emotional state themes inductively. The researcher utilized descriptive analyses to
comment on the themes and codes generated.

3.4.2 Quantitative Data Analysis

The Likert scale collected quantitative data, including 25 items used as pre-test and
post-test. After the researcher transferred the answers on the pre-test and post-test
Likert scales she collected at the end of the second week into an Excel table, she
evaluated whether there was a significant difference between the results using the
Paired Sample T-test using SPSS (Green & Salkind, 2005). Firstly, the negative
statements were changed to positive, and the overall scores of the students were
compared to see whether there was a visible difference before and after the
experiment. Subsequently, the responses for every item were assessed separately.
Statistical analyses were conducted using the software program "IBM SPSS 23.0".
The mean and standard deviation of the scores obtained by the students participating
in the study were computed for both the pre-test and post-test. The research
employed statistical analyses and accepted a significant value alpha of .05. The
number of participants was insufficient for exploratory factor analysis. For this
reason, the value of each item for the pre-test and post-test was analyzed and

evaluated separately.

3.5  Assumptions

It was assumed that the students who participated in the study answered questions
sincerely and accurately. 20 students were involved in all the lessons and data

collection processes and there was no shortage of time.
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CHAPTER 4

FINDINGS

This chapter will present the analysis of mixed method research design by providing

the changes in the attitudes of the students towards astronomy after the treatment.

4.1  The Results of Qualitative Analysis

“Q1. How did you find the Augmented Reality (AR) experience and why?”

When the 20 answers given to the 1st question were examined, it was determined
that all of the student’s experiences in the astronomy course taught using AR were
"positive” nine students found their experiences "different”, two students found it
"instructional”, and seven students found it "fun”. Some of the answers were like in
the table.
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Table 4.1 Students’ Responses to Q1

How did you find the Augmented Reality experience and why?

Responses Theme Frequency (f)

“I'm thinking positively. This first experience for me was very unusual.”

“I found it different, I think it was interesting.”

“Well, I've tried something new.”

“I found it different. It was nice.” Different 9

“It was a different experience, and | learned more about Augmented
Reality.”

“I didn't expect that.”

“It was a fun and beautiful experience. It was different from usual.”

“It was fun, I tried it for the first time.”

“I loved it very much. It was a lot of fun.” Fun 7
“This is the first time I've tried Augmented Reality. I think it was fun.”

“I didn't know I had something like this on my phone. It was excited.”

“Generally good. Sometimes it can be a distraction.”

Positive 2
“I wish we had used it earlier.”

“It was fun. I've learned a lot of things.”

Instructive 2
“I found it good, I think it's easier to learn.”

No complaints or criticisms were voiced by students, which suggested that

participants were pleased with the Augmented Reality (AR) experience overall.
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Table 4.2 Students’ Responses to Q2

How did the use of Augmented Reality (AR) in science lessons affect you? How did you feel?

Responses Theme Frequency (f)

“It didn't go like a lesson, and it was like a game.”

“It was fun. I've learned a lot of things.”

“[ liked it, it made us do more fun things in class.” Fun 9
“It was fun the first time [ tried.”

“The lesson has become more fun. I'm happy.”

“This is the first time I have had such an experience. I wish other classes

were like this.”
“I found it different, I think it was interesting.” Different 5
“I think we have learned lessons in a different way.”

“It was a different experience, I learned more about Augmented Reality.”

“I quickly understood thanks to this method used in science lessons. I

enjoyed the lesson.”

“It was fun. I've learned a lot of things.”

Instructive 4
“It increased my interest in the lesson.”
“I felt better to listen to the topic.”
“I had a good time.”

Positive 4

“He impressed the class and me well.”
“It made me more interested in the class.”

Interesting 3

“It was interesting, exciting.”

The second question, “Q2. How did the use of Augmented Reality (AR) in science
lessons affect you? How did you feel?” was aimed to see the feelings of students
after the science lesson instructed with AR. All 20 responses included positive
phrases such as “fun” (n=9), “instructional” (n=4), “interesting” (n=3), and

“different” (n=5).

The result obtained from the table above indicated that the students in the science
lesson taught using AR increased the teaching experience of the lesson. As the

learning experience became more enjoyable and extraordinary, their interest in the
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lesson increased, and they had positive feelings towards a science lesson taught in

this way.

The third question was “Q3. How did the use of Augmented Reality (AR) in science
courses affect the learning process?”. It aimed to ask the perceptions of the students
on their learning process. While only one student mentioned that s/he had difficulty
during the AR application, the rest stated that they did not have any difficulties.
Student 12’s response, “I learned more quickly through visualization.” is noteworthy

as it illuminates the fundamental objective of the study.

Table 4.3 Students’ Responses to Q3

How did the use of Augmented Reality (AR) in science course affect the learning process?

Responses Theme Frequency (f)

“It has influenced my learning well.”
“[ liked the lesson better.”
“Positively affected”
Positive 10
“I think it has influenced my learning well.”

“Overall, it has had a positive impact.”

“It was easier to impress well.”

“It has positively affected my learning process. It was more effective.”
“I felt like I was learning fast.” Instructive 5

“I learned more quickly through visualization.”

“I was never bored in class.”
Interesting 2
“It made the lesson more interesting.”’

“It made science class more enjoyable than usual.”
“I felt less bored.” Fun 3

“I learned faster because I had fun.”

The fourth question was “Q4. Has the expertise you gained through the Augmented

Reality (AR) application helped you to solve the issues you face in your daily life?”.
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This question aimed to compare the gains of students from the AR lesson with their
daily life problems. Out of the total respondents, 16 students provided feedback on
the question. Among them, nine students responded negatively, indicating that the
method did not contribute to resolving their daily issues. On the other hand, seven
students responded positively, affirming that the AR-supported lesson had a positive
impact on their everyday problems. Four students provided a neutral response. When
the answers were evaluated in general, it was insufficient for this question to say that
AR gains have a direct effect on daily life problems. One possible explanation for
this could be that students were still familiarizing themselves with the AR application
and still needed to develop a comprehensive understanding of how it could be
utilized in their daily routines.

The fifth question was “Q5. Do you want Augmented Reality (AR) to be utilized in
science classes all of the time?” this question’s purpose was to figure out how
students desire their future science classes, including AR. 14 students gave positive
answers, including “I think it would be better because it’s more interesting that
way.”, “It would be nice if it was like this in the future.”, “Yes, it’s more fun that
way.”. Although four students provided a negative response, one student’s answer
was in line with the goal of the research. The answer was, “If you use it all the time,
it won’t be good. But it would be good to use it for things that don’t have any

visuals.”. There were also two neutral answers.

The sixth question was “Q6. Did you have any difficulty processing the subject with
Augmented Reality (AR) during the science class astronomy lesson?” to ensure
students had the lesson safely. The question format included a negative phrase
(difficulty), so answers were reversed before coding. In this way, it was seen that
there were 13 positive and seven negative answers like “At first I had difficulties in
setting up and learning, but I think I will not have this difficulty for the second time.”.
Although the answers were generally positive, it was observed that the students had

some problems getting used to the application.
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The seventh question was “Q7. Do you think that Augmented Reality (AR)
applications can be used as part of the astronomy learning curriculum?” to determine
how students desired to see AR applications in their astronomy curriculum. In
general, the answers were collected in 2 categories: “yes” (n=19) and “neutral”
(n=1). It can be interpreted that these students are open to learning and not closed to

innovations and new technologies.

The eighth question was “Q8. On which subjects do you think such training could
be effective?” and the ninth question was “Q9. On which subjects do you think such
training could not be effective?”. Students’ answers showed that they think this
technology can be more effective in courses related to Biology (n=7), Astronomy
(n=3), Circuits (n=1), Art (n=1), All topics (n=6), and Neutral (n=3). There were two
noteworthy responses to the eighth question, both of which addressed the underlying
motivations for using this application in the study. These were “This technology can
be effective in subjects that do not have visuals and that we cannot think in our
minds.”, “It can be effective in subjects that are difficult to imagine.” On the other
hand, they asserted that this method could be ineffective in Math (n=5), Social
Sciences (n=2), Science lessons (n=2) and, All topics (n=2). Two students’ answers
were neutral. When asked how they found the research at its conclusion, the students’
responses, such as "Unusual,"” "Interesting," and "I wish we had used it before," were
significantly impacted by the backgrounds of the participants. One student’s
response to the question about what they expected from the AR environment in the
demographic survey—"It can help us understand things that we cannot see."—
unwittingly demonstrated the significance and usefulness of the work for the study’s

goals.

4.2 The Results of Quantitative Analysis

The Astronomy Attitude Scale prepared by Turk & Kalkan (2015) was utilized for
the quantitative data. When the Likert scale consisted of 25 items given to the

students before, and after the study was examined, it was seen that the themes the
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items aimed to find answers to were divided into categories. These categories are
Application (Q20), Being interested (Q2, Q3, Q11, Q12, Q18, Q19), Daily life (Q4,
Q8, Q13, Q15, Q16, Q21, Q22, Q23, Q24, Q25), Liking (Q1, Q6, Q7) and Self-
confidence (Q5, Q9, Q10, Q14, Q17). It was determined that there was a significant
difference for some items in the answers given to the pre-test given before and the
post-test given after the astronomy activities were processed using AR for two

weeks.
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Table 4.4 Quantitative Data Analysis

Item Pre-test Pre-test  Post-test Post-test Gain Gain

(N=25) Mean SD Mean SD Mean SD t score p value
1 4.40 68 4.50 69 -.1000 4472 -1.000 .330
2 2.85 .99 3.70 1.03 -.8500 .8750 -4.344 <.001*
3 3.00 .65 3.75 79 -.7500 .6386 -5.252 <.001*
4 4.40 68 4.25 64 .1500 .8750 167 453
5 3.80 1.32 4.15 93 -.3500 7451 -2.101 .049*
6 3.95 1.36 4.40 88 -.4500 .9445 -2.131 .046*
7 4.05 1.00 4.55 76 -5000  1.1470 -1.949 .066
8 3.70 .98 4.15 81 -.4500 .8870 -2.269 .035*
9 3.65 99 4.40 60 -.7500 .6386 -5.252 <.001*
10 3.60 .82 4.30 73 -.7000 5712 -5.480 <.001*
11 2.70 1.13 2.45 1.00 .2500 1.0699 1.045 .309
12 3.00 1.17 3.05 1.23 -0500 8255 -271 789
13 3.50 1.19 4.15 88 -.6500 7451 -3.901 <.001*
14 3.95 83 4.40 60 -.4500 .6048 -3.327 .004*
15 3.90 1.21 4.35 93 -.4500 .9445 -2.131 .046*
16 3.35 1.04 3.75 79 -.4000 .5982 -2.990 .008*
17 3.00 1.17 3.65 81 -.6500 .8750 -3.322 .004*
18 3.50 83 4.00 73 -.5000 .6882 -3.249 .004*
19 3.40 1.31 4.30 73 -9000  1.2937 -3.111 .006*
20 4.20 .95 4.80 52 -.6000 .7539 -3.559 .002*
21 2.90 1.17 3.40 1.05 -.5000 .6882 -3.249 .004*
22 2.30 1.22 3.30 1.08 -1.0000  .6488 -6.892  <.001*
23 3.40 1.14 4.10 o1 -.7000 .6569 -4.765  <.001*
24 2.95 1.15 4.00 79 -1.0500 .6048 -7.764 <.001*
25 3.40 1.39 4.10 117 -7000  1.3803 -2.268 .035*
Total 86.85 10.1632 99.95 9.3441

A paired-sample t-test was conducted to evaluate whether students’ attitudes towards
science are higher with AR-supported instructional applications. The results of the
analysis (Table 4.4) indicated that the mean of the post-test (M = 99.95, SD = 9.34)
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was significantly higher than the mean of the pre-test (M = 86.85, SD = 10.1632), t
(19) =-8.551, p < .05.

Due to the insufficient number of participants, each item was evaluated individually
by looking at the pre-test and post-test scores. At the same time, there was a
significant increase in some of the post-test answers’ mean given by the students to
25 items in their attitudes towards astronomy. Item 2, 3, 5, 6, 8, 9, 10, 13, 14, 15, 16,
17,18, 19, 20, 21, 22, 23, 24, and 25 respectively (t=19)= -4.344, p < .05; (t=19)= -
5.252, p < .05; (t=19)=-2.101, p < .05; (t=19)=-2.131, p < .05; (t=19)=-2.269, p <
.05; (t=19)=-5.480, p < .05; (t=19)=-3.901, p < .05; (t=19)=-3.327, p < .05; (t=19)=
-2.131, p <.05; (t=19)=-2.990, p < .05; (t=19)=-3.322, p < .05; (t=19)=-3.249, p <
.05; (t=19)=-3.111, p < .05; (t=19)=-3.559, p < .05; (t=19)=-3.249, p < .05; (t=19)=
-6.892, p < .05; (t=19)=-4.765, p < .05; (t=19)=-7.764, p < .05; (t=19)=-2.268, p <
.05. These results indicated that gifted students had a positive attitude towards
astronomy after two weeks of AR-supported instructional astronomy activities.
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Table 4.5 Items with Significant Differences

ﬁ Astronomy is an easy science to learn folrt (:nn;st people.

3 Astronomy topics are easy to understand.

5 | feel under stress in astronomy lesson.

6 I think I'll like astronomy.

8 I don't think knowing astronomy will help me in my professional life.
9 | have difficulty learning astronomy subjects.

10 | enjoy learning about astronomy.

13 It is easy to understand astronomy concepts.

14 | feel stressed while learning astronomy.

15 | have difficulty in understanding scientific subjects.

16 | use science in every aspect of my life.

17 | am assertive about the field of astronomy.

18 | forget the astronomy subjects | learned in a short time.

19 | don't enjoy talking about astronomy with my classmates.

20 | can better understand astronomy subjects when they are handled practically.
21 Astronomy is in every phase of daily life.

22 | follow the current developments in the field of astronomy.

23 Thanks to astronomy, my knowledge of nature increased.

24 | like to try to understand natural phenomena using astronomy.

25 Astronomy subjects increase my interest in science.

Looking at the answers of the students one by one, it was concluded that the subject
of astronomy was seen as a relatively easy science, it was easier to understand, it was
more enjoyable while learning astronomy, the learned astronomy subjects were
remembered for a longer time, it was more enjoyable to learn astronomy lessons with
classmates, astronomy subjects were more understandable when applied practically,
the students followed the latest developments in astronomy more, and the students

also increased their knowledge of nature thanks to astronomy.
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After negative statements were converted to positive for analyzing and looking at
their means, there was a decrease in two items (Q4. "I think Astronomy is useless in
my daily life.”, Q11. "Astronomy course requires many subjects to be remembered.".
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CHAPTER 5

DISCUSSION AND CONCLUSION

In this study, the attitude of gifted students towards astronomy was examined using
the Augmented Reality (AR) application, which was a part of technology-assisted
education. The study used qualitative and quantitative data to determine that students
formed a positive attitude towards astronomy after a two-week experiment. This
chapter aims to compare the findings of three research questions with the previous
studies. Then, it will follow the internal and external validity of the study, limitations

of the study, implications for practice and recommendations for future research.

51 Discussion

A great deal of study has been conducted over a period of several years to investigate
the advantages of Augmented Reality (AR) in the field of education. However,
despite these efforts, definitive results have yet to be established. The present study
aimed to examine the impact of an Augmented Reality sky observation application
on the attitudes towards astronomy among gifted secondary school students.
Specifically, the investigation focused on whether there was a noticeable shift in
these students’ attitudes towards astronomy following two weeks of incorporating

the previously mentioned instructional AR app into their science classes.

The first research question was, “How do gifted students perceive the utilization of
Augmented Reality (AR) in their astronomy-related activities?”. It was related to the
attitudes of gifted students towards AR-supported instructional activities in
astronomy-related science courses. It has been determined in the research that many
students have difficulty in science lessons due to a lack of knowledge and

concretizing abstract concepts, and accordingly, they get low scores (Timur et al.,
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2016; Onal & Onal, 2021; Yu & Sahami, 2007). According to the researchers, some
of the reasons for this have been that astronomy observations should be made at night
and in the open field, weather conditions should be suitable, and appropriate
equipment should be available, and accordingly, many astronomy concepts remain
at the abstract level (Zhang et al., 2014). Before the study began, this problem was
discussed in a one-on-one conversation with a science teacher at the Science and Art
Center. The teacher said that astronomy was one of the subjects that the students had
the most trouble with. Students had the chance to try the astronomy subjects that they

were hesitant about with the AR application they encountered for the first time.

In this study, the attitudes of gifted students were particularly examined because it
was essential for them to meet the requirements of their age in terms of the workforce
and the potential they would create in the future. These students, who were more
advanced and gifted in various areas than their peers, were viewed as the future
scientists, leaders, and skilled labor force (Kaya & Bayra, 2019; Onal & Onal, 2021;
Pekdogan & Bozgiin, 2017; Watters & Diezmann, 2003). Educators must develop
flexible, differentiated, and dynamic teaching methods and nonrepetitive curricula
to identify gifted students and develop their talents since regular education programs
were not enough for them to do so (Erol et al., 2023; Kaplan-Say1 & Yurtseven,
2022; Kaya & Bayra, 2019). The significance of researching differentiated education
for gifted students in astronomy, where students often encounter challenges, had
considerable value. AR-supported technology can be integrated to differentiate
astronomy instruction (Onal & Onal, 2021; Kerawalla et al., 2006; Zhang et al.,
2014). For the sixth question, students were expected to answer which subjects they
had difficulty with during AR-supported instructional astronomy activities, and
some students expressed that they had difficulties with installation and getting used
to the application commands. However, thanks to their teachers, they overcame these
difficulties. It could be understood from this that it could be recommended that
teachers be ready to support and guide students at any time before the activities. They

should have examined the application in advance and come to the lesson ready. The
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qualitative data in the study showed a degree of overlap with the quantitative data

without any visible contradiction.

The second research question employing qualitative data was “Q2. What are gifted
students’ perceptions regarding Augmented Reality (AR) mobile application use in
science courses?”’. Considering that the students did not know about AR applications
before the study, as seen in the Demographic Survey, they stated that processing
astronomy activities with AR after the study was enjoyable, extraordinary, and
instructive. All the answers were positive, and the students repeated that they had
not expected to have so much fun. According to their statement, they learned more
quickly and were more motivated during the lesson. Numerous students stated that
they did not get bored, and the subject was more interesting than before. Studies on
this subject also indicated that students’ motivation, success, attention, curiosity, and
attitudes increased in AR-integrated science lessons (Anil, & Batdi, 2023; Cetin &
Turkan, 2022; Kerawalla et al., 2006; Onal & Onal, 2021; Rauschnabel et al., 2022;
Sirakaya & Sirakaya, 2018; Sahin & Yilmaz, 2020). When they experienced AR for
the first time together with the novelty effect, it might be suggested that the
motivation and excitement that students had might have not only been because the
application was very effective and successful (Jones, 2009). When the answers were
evaluated, some students stated that AR was generally successful, but sometimes it

could cause distraction.

When the students were asked how AR affected them during the science lesson,
many of them said they enjoyed it very much and that the application was different,
instructive, and interesting. Some of the students stated that the activity was like a
game. Many previous studies have shown that learning by doing and experiencing
increases students’ motivation, interest, and attention (Chen & Liu, 2020; Chiang et
al., 2014). In the responses, it was found that some students wished that other courses
would have been processed with AR in this way, which might lead to saying that the
application positively increased students’ motivation not only towards astronomy but

also towards learning other fields. The students also did not forget to mention that
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they focused better, and their interest increased greatly while listening to the science

lesson.

In the 3rd question of the qualitative part, students were asked how AR activities
affected their learning in science class, and the focus here was on asking students to
focus on their learning process. All the answers were positive, and the students
expressed that they learned faster, better, more effectively, and were more motivated
this way. The purpose of the study could be noticed from the responses provided by
certain students to this question. The students stated that they learned subjects that
were not possible to see and observe faster thanks to the visualization provided by
the AR application; as said by one of the students, “I learned more quickly through
visualization.”. Many studies have stated that thanks to the authentic environment
provided by the AR application, students have the chance to concretize and visualize
abstract concepts and learn in a motivated way by feeling as if they are in that
environment (Abdiisselam, 2014; Anil & Batdi, 2023; Arslan et al., 2020; Chin et
al., 2018a; Chin et al., 2018b; Chen et al., 2022; Coskun & Kog, 2021; Di Serio et
al., 2013; Ebadi & Ashrafabadi; Gecu-Parmaksiz & Delialioglu, 2020; Gopalan et
al., 2023; Guo et al., 2017; Dede, 2009; Kul & Berbe, 2022; Radu, 2012; Rosenbaum
et al., 2007; Sotiriou & Bogner, 2008; Wang, 2022; Yen et al., 2013; Zhufeng &
Sitthiworachart, 2023).

The 4th question was aimed at learning whether the students” AR application could
help solve their problems in daily life. Nine students answered this question
negatively, stating that they did not believe that it would contribute to their daily
lives. Interestingly, the answers given to the item in the quantitative part "I think
Astronomy is useless in my daily life." showed also students had a belief that they
would not encounter astronomy in daily life problems. One of the reasons for this
might be that students were still seeing the astronomy app as part of the course and
curriculum, and they were involuntarily trying to keep their daily life separate from
school, or the students might not have fully grasped how they could integrate the

application into their daily lives.
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The 5th question was about the opinions on whether the students desired to have AR
in their science classes all the time, and many students stated that they preferred to
have AR applications in their science classes as it offered an interesting and fun
overview of the subjects. One student’s response corresponded to the purpose of the
study in some way and showed other researchers and educators what kind of
activities AR applications could be with: “If you use it all the time, it will not be
good. But it would be good to use it for things that do not have any visuals.”. It could
be understood from this that AR observation allowed experiments to be performed
on it, visualization of astronomy topics that were difficult to study, and observation
so students could learn astronomy topics simply (Chen et al., 2022; Shelton and
Hedley, 2002).

The quantitative part of the study was designed for the third research question, “Q3.
Is there any change in the attitudes of gifted students towards astronomy subject after
the implementation of Augmented Reality (AR) supported instructional astronomy
activities?”. The astronomy Attitude Scale prepared by Tiirk & Kalkan (2015) was
utilized in the study. The scale had five subcategories: “Being Interested, Self
Confidence, Application and Daily Life”. Each item was analyzed individually
regarding the reliability of the results, and the results that showed a significant
difference between the pre-test and post-test were explained in detail in the Findings
section. It was revealed in the quantitative data analysis that the students had
difficulty learning astronomy before the study. Still, they thought they could
understand astronomy more efficiently by doing it with hands-on learning after the

experiment.

In addition, the students stated that they had more fun while studying the subject of
astronomy and that learning together with their peers was more practical, considering
the benefits of cooperative learning. Studies on this subject show that the problem-
solving skills of students using AR have been increased by bringing the real world
into the virtual world and experiencing active learning by collaborating, and the
motivation of these students has increased (Kaur et al., 2020; Kul & Berbe, 2022).

By accessing the course material in 3D environments, students participate more
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effectively in the lesson and comprehend the subject more quickly because, in this
way, students have the chance to concretize abstract concepts that they have
difficulty in grasping (Yen et al., 2013; Yildirim, 2021). Many studies have shown
that science lessons that are carried out by AR increase the motivation and attitude
towards science of the students (Akgayir et al., 2016; Chiang et al., Cetin & Tiirkan,
2022; Di Serio et al., 2013; Sirakaya & Sirakaya, 2018; Yildirim, 2021). Many
students believed that astronomy topics had a higher likelihood of being retained in
their long-term memory. Besides, the students stated that they enjoyed discussing
astronomy topics with their classmates at the end of the study, and they started to
enjoy following the developments in astronomy more at the end. According to Chen
and Liu (2020), a positive correlation exists between students’ enjoyment of science
lessons and their level of interest in science. Students developed a scientific curiosity
and interest after the application. Finally, the students gained the relationship
between astronomy and nature by expressing that their knowledge of nature

increased and that they could explain natural phenomena with astronomy.

On the other hand, on the Astronomy Attitude Scale, the students concluded that
astronomy had too many memorable points and was a complex field. It was thought
that this was because students encountered more information about astronomy in
practice than they thought. Considering the AR-supported instructional astronomy
activities, students reached that result in this study because they realized that
astronomy was an intense and complex subject in the AR application, and they
thought that they would not need to go into this depth in daily life.

5.2 Conclusion

Many studies have been conducted in the field of AR for decades. This study focuses
on the use of AR in education and gifted students who have a significant role in the
future and development of countries. AR provides many benefits to students in
concretizing abstract concepts, bringing learning material to an authentic

environment, learning by doing, distance learning, and collaborative learning. In
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addition to all these, AR-supported activities, which are a part of technologically
supported education to provide the differentiated education that gifted students need,
are discussed in the study, and aim to guide future studies, educators, and curriculum
developers. The lesson plans used in the study were included in the Night Sky AR
application. The students encountered AR for the first time during these activities
and stated that they had no idea beforehand. It was also stated in the interview with
the science teachers before the study that they were hesitant towards astronomy
topics before the study. Having a positive attitude towards science has been
extremely important for the future in terms of choosing a science-related profession
and creating a workforce that will meet the needs of the age with this interest. The
findings of the study revealed that the students showed a positive attitude towards
astronomy-related activities after the AR-supported astronomy activities. They
evaluated astronomy activities as fun, instructive, exciting, and different after the
study. The students stated that they comprehended the subject faster and more
effectively after these AR-supported activities, and the reason for this was that AR
concretized abstract objects and concepts in astronomy subjects, made the lesson
more interactive, and provided students with the opportunity to learn by doing and
experiencing. The students' motivation towards science lessons increased after the
activities, and their interest and desire to follow the developments in science and
astronomy increased. Although the students stated that they started to understand
astronomy topics that are difficult to understand and comprehend more efficiently
and effectively, they stated that they might not be able to use these concepts in daily
life. The qualitative data in the study showed a degree of overlap with the
quantitative data without any visible contradiction.

In conclusion, this study presented the potential benefits of AR-supported
instructional activities. Although integrating AR applications into lessons could be
challenging for teachers and students in some regards, students' attitudes and

opinions were generally positive.
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5.3 Internal and External Validity of the Study

A mixed-methods study’s validity depends on how well its qualitative and
quantitative sections are employed and how well the two parts are engaged together
(Creswell & Creswell, 2017). For the quantitative part, the Likert-scale items utilized
in the student perception survey were derived from a previously validated
questionnaire administered by Tirk and Kalkan (2015) to ensure the survey’s
reliability and credibility. In addition to the quantitative part, interview questions
were also asked as a part of the qualitative method to make the study more reliable
as it provided open-ended questions to the students to make them express themselves

in their own words in a detailed way.

The utilization of the convenience sampling method in the study has significance in
relation to the study’s external validity since it enables the generalization of study
findings to other groups presenting similar features. According to Frankel et al.
(2012), validity threads should be minimized, such as subject characteristics,
meaning to have different demographic information of participants. The questions

used in the studies were evaluated by three experts working in the department.

5.4 Limitations

The sample size of the participants needed to be increased. The duration of the AR-
supported activities period could have been extended. Given the absence of
exploratory factor analysis, the items were individually assessed using a scale. The
study was limited to two astronomy topics: "Space History" and "Discovery of
Mars".

55 Implications for Practice and Recommendations for Future Studies

In this study, it was seen that the AR application made the students enjoy the subject

of astronomy more, and they were motivated to learn by perceiving the subject as
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enjoyable. Although the students used this application for the first time and did not
have any idea about AR before, they expressed their positive reactions that they
wished they had used it before. It might be thought that the longer-term version of
this study may be more useful for observing the increase in students’ attitudes

towards astronomy.

When the students were asked their thoughts on using AR applications in the
astronomy course curriculum in the seventh question of the qualitative part, they
stated that this should happen with a large majority (n=19). Educators and curriculum
preparers can integrate such technology-supported instructional AR activities into
subjects that may be complex to visualize and comprehend, such as astronomy.

Especially teachers in Science and Art Centers should take advantage of this study
and include AR-supported astronomy activities in their lesson plans when processing
astronomy topics that may be difficult to visualize and observe for students.
Furthermore, the findings from the conclusion should provide valuable insights to
curriculum developers on the significance of incorporating an AR-supported
astronomy course into the educational program as its benefits in terms of attitude
towards science. Additionally, these results can shed light on strategies that can be
employed to enhance students’ engagement and enthusiasm towards the subject of
astronomy. In order to catch up with the necessities of the era and be included in the
space race, a new astronomy course curriculum should be developed that will
increase students’ interest in astronomy and lead them to have a profession or do
research in this field. It is strongly advised to develop a scientific curriculum that is
differentiated and supported by technology customized for gifted students according

to their needs.
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APPENDICES

A. Demographic Survey

Arastirma Sorulari:
Bolim 1

Sevgili 6grenciler,

Bu anket Fen Bilimleri dersinde kullanilan Artirllmis Gergeklik teknolojisi konulu bir
arastirma icin kullanilacaktir. Goriisleriniz sadece bilimsel arastirma icin kullanilaca olup
caligma sonundaki raporda isminiz kesinlikle kullanilmayacaktir. Katkilariz i¢in tesekkiir
ederiz.

1- Litfen isminizi yazin.

2- Liitfen dogum tarihinizi belirtin.

v
3- Ldtfen cinsyetinizi belirtin.
0 Erkek
0 Kadin
0 Belirtmek istemiyorum
4- Akilli telefonunuzun isletim sistemi, marka ve modeli nedir? (IOS-Iphone, Android)

5- Giin igerisinde ne siklikta telefon ile ilgileniyorsunuz?

6- Akill telefonunuzda siklikla nasil zaman gegiriyorsunuz? (Sosyal medya, oyun,
diger)

7- Ingilizce yeterliginiz nedir? (A1, A2, B1, B2, Cl1, C2)

8- Bilgisayariniz1 / diziistii bilgisayarinizi / tabletinizi bos zamanlarinizda giinde kag
saat kullantyorsunuz?

9- Sanal Gergeklik hakkinda ne biliyorsunuz?47

10- Artirilmis Gergeklik hakkinda ne biliyorsunuz?

11- Artirllmig gerceklik 6grenme ortamindan beklentileriniz nelerdir?

12- Fen Bilimleri derslerinde hangi konularin Sanal Gergeklik uygulamalar: ile daha
etkili 6grenilecegini diisiiniiyorsunuz?
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B. Permission for Attitudes Towards Astronomy Scale

« & . T O &

4 v

Yanitla Toplu Yanitla ilet Sil  istenmeyen isaretle Diger

Re: Astronomi Tutum Olgegi Hakkinda

Cumbhur Tiirk gondericisinden 2023-06-07 13:43 tarihinde
=% Ayrnintilar = Duz Metin

Merhaba Aysenur hanim 6lgegi kullanmaniz uygundur ¢alismanizda basarilar dilerim

7 Haz 2023 Gar, saat 13:18 tarihinde €226168 <aysenur.aktas@metu.edu.tr> sunu yazdi:
Sayin Cumhur Hocam,

Ben Aysenur AKTAS. Orta Dogu Teknik Universitesinde Bilgisayar ve
Ogretim Teknolojileri Egitimi Bolimii'nde Yiiksek Lisans 6grencisiyim. Tez
calismam kapsaminda, Bilim ve Sanat Merkezleri'nde Artiriimis Gergeklik
teknolojisi kullanilarak islenen Astronomi derslerinin 6grencilerin
astronomiye ve bilime karsi tutumlari izerindeki etkisini

arastirmaktayim.

Bu dogrultuda, hazirlamis oldugunuz Astronomi Tutum Olgeginizi (Cumhur,
T. ve Kalkan, H. (2015). Astronomy attitude scale: Development, validity
and reliability. Journal of Studies in Education, 5(4), 23-50) inceledim

ve eder kabul ederseniz tez ¢alismamda kullanmak iizere bu konuda
izninizi istiyorum.

Olgegi kullanirken, telif hakki ve intihal konularina sayg!

gosterecegimi ve calismanizin referansini dogru bir sekilde

belirtecegimi bilmenizi istiyorum.

Simdiden zamaniniz ve ilginiz igin gok tesekkiir ederim.

Saygilarimla,

Aysenur AKTAS
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C. Astronomy Attitude Scale

Biliim 2

I- Sevgili 6@renciler,
Asagida gordiigiiniz dlgek bilimsel bir calisma icin hazurlanmustir. Astronomi konulan
(Giines sistemi, Gezegenler ve Yildizlar vb.) ile ilgili diigiincelerinizi ifade eden cimlelerle
ilgili bir dizi ifade okuyacaksmiz. Olgekte yer alan sorulara verdiginiz yanitlar, kesinlikle size
not vermek ya da sizi elestirmek amaciyla kullamilmayacaktir Litfen asagidaki élgeklen
kullanarak her bir ifadeye ne kadar katildifimzi veya katlmadigima belirten kutuya "X"

yazin.
1] 12] 131 141 151
Kesinlikle Katlmiyorum Katlnuyorum Fikrim yok Katilivorum Kesinlikle Katlivorum

1 2 3 4 5

1. Bilimi seviyorum.

2. | Astronomi ¢gogu insan tarafindan &grenilmesi kolay bir
bilimdir.

3. Astronomi konular anlasilmas: kolaydir,

4. Astronomi hayatimda isime yaramaz.

5. Astronomi konulanm éarenirken stres altinda hissediyorum.

[ Astronomi hakkinda en ufak bir fiknm yok.

7. | Astronomiyi sevecegimi dilgliniyorum.

& | Astronomi bilmenin i hayatimda igime yaramayaca@im
diisiiniiyorum.

9. Astronomi konulanm éarenirken zorluk cekivorum.

10. | Astronomi konulanm égrenirken kevif alivorum.

11. | Astronomi dersi birgok konunun hatirlanmasim gerektiriyor.

12. | Astronomi karmasik bir konudur.

13. | Astronomi konulanm kolayca 6@renebilecegimi
diisimilyorum.

14. | Astronomi G@renirken strese girivorum.

15. | Bilimsel konulan anlarken zorlanyorum.

16. | Hayatimun her alaninda bilimi kullamyorum.

17. | Astronomi dersinde iddiali oldufumu diistiniiyorum.

18. | Ogrendigim astronomi konularim kisa siire icinde unuturum.

19. | Simf arkadaslanmla astronomi konularni konusmaktan keyif
almam.

20. | Astronomi konularii uygulamali olarak islendiginde daha iyi
anlarm.

21. | Astronomi giinliik vasantimizin her verinde vardir

22, | Astronomi alanindaki giincel gelismeleri takip ederim.

23. | Astronomi sayesinde dogaya dair bilgim artar.

24, | Doga olaylanm astronomi kullanarak anlamaya ¢ahsmak
hosuma gider.

25, | Astronomi konulan fen dersine olan ilgimi artinr

Tiim cevaplanmz kesinlikle gizli tutulacaktir. Tesekkiirler.
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D. Interview

Bolim 3
Calisma Sonu Degerlendirme

Sevgili 6grenciler,

Bu anket Fen Bilimleri dersinde kullanilan Artirilmis Gergeklik teknolojisi konulu bir arastirma igin
kullanilacaktir. Goriisleriniz sadece bilimsel aragtirma igin kullanilaca olup calisma sonundaki
raporda isminiz kesinlikle kullanilmayacaktir. Katkilariniz i¢in tesekkiir ederiz.

1-  Artirilmis Gergeklik deneyimini nasil buldunuz? Neden?

2-  Artirtlmis gergekligin Fen Bilimleri dersinde kullanimi seni nasil etkiledi? Neler hissettin?

3- Fen Bilimleri dersinde Artirilmis Gergeklik kullanilmast 6grenme siirecini nasil etkiledi?

4-  Artirilmis Gergeklik uygulamasinda edindigin kazanimlar gilinliik hayatta karsilastigin
problemleri ¢cozmende etkili oldu mu?

5-  Artirilmis Gergekligin Fen Bilimleri derslerinde her zaman kullanilmasini ister misiniz?

6- Fen Bilimleri dersi astronomi dersi sirasinda konuyu Artirilmis Gergeklik ile islemek
konusunda zorluk ¢ektiniz mi?

7-  Artirilmis gergeklik uygulamalarinin astronomi dgrenimi miifredatinin bir pargast
olarak kullanilabilecegini diistiniiyor musunuz?

8- Bu tiir bir egitimin hangi konularda etkili olabilecegini diistiniiyorsunuz?

9- Bu tiir bir egitimin hangi konularda etkisiz olabilecegini diisliniiyorsunuz?

10- Bu galismada edindiginiz deneyimleriniz hakkinda arastirmaciya anlatmak istediginiz
bagka bir sey var m1?

Tiim cevaplariniz kesinlikle gizli tutulacaktir. Tesekkiirler.
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E. Lesson Plan Activity Sheet (First Week)

Discovering Space History - Activities (Ages 8-11)

Today we are going to investigate:

+ The first people in space

+ The first landing on the Moon
* The Voyager 2 mission

+ Satellites around the Earth

Activities

1  Thefirst satellite, Sputnik 1, was launched into orbit in the year 1957 and people
have been exploring space ever since. Today we are going to use Night Sky to
discover important events in the history of space. Open Night Sky and go to the
Menu. Scroll down until you get to the Space Exploration Timeline and tap on
the [ icon. The timeline begins on April 12, 1961, look at the event for this date.

2 Touch the date and swipe it sideways with your finger to reveal more historic
events by moving along the timeline. Scroll through the events until you find a
space mission called Vostok 6 which took place in 1963 (Tip: if you go too far, you
can scroll back).

3 Scroll through events in the 1960s. If you see a picture or story you find interesting
and you want to know more about it just stop and tap Read Article. When you are
finished tap on the [fJto go back to the timeline. As you go along the Timeline,
search the events for the names of the first humans to visit the Moon. You will see
one of their names inspired the name of a famous movie character.

Page 1 ©iCandi Apps Ltd



Discovering Space History - Activities (Ages 8-11)

4 Voyager 2 is one of the greatest space missions ever launched. It is a robot space
explorer that left Earth long ago to study planets and is still sending information
back to scientists on Earth. Let's use the timeline to find out more about Voyager
2. It was launched on August 20, 1977 and visited its last planet 12 years later.

5 As you scroll along the timeline, watch the Earth globe at the bottom. See how
many more satellites gradually appear around the Earth as the years go by.
Satellites are very helpful to us for many reasons. For example, they help us
study the stars, forecast the weather and transmit TV and internet data around
the world.

X, Well done!
You're a Night Sky
* Which planets were visited by Voyager 2 Superstar! #

+  Some of the uses of satellites

What we have discovered:

+ Who were the first people in space
+ Who were the first people to go to the Moon

Page 2 ©iCandi Apps Ltd
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F. Lesson Plan Educators Guide (First Week)

Discovering Space History - Educator's Guide (Ages 8-11)

At the end of these Night Sky activities students will understand:

+ Humans have been exploring space for more than 60 years
*  Yuri Gagarin was the first person in space Accessible Learning:
+  Neil Armstrong and Buzz Aldrin were the first people on the Moan _ : )
+ There are now thousands of satellites in orbit + Textsize can be increased in
the Preferences section
+  Star numbers can be reduced
Astronomy background information by sliding two fingers down

the screen
The first satellite placed in orbit was Sputnik 1, launched by the Soviet Union
(USSR) in 1957. The first event listed in the timeline is the Vostok 1 flight of Yuri
Gagarin. On April 12, 1961 Gagarin became the first human in space.

" ’ . App Essential Settings
Valentina Tereshkova, pilot of the Vostok 6 spacecraft, was the first woman in

space. In 1983, Sally Ride became the third woman and first American woman in No essential settings are
space. required for this activity.

In the 1960s the US and USSR competed to be first to land people on the Moon
in the "Space Race". American astronaut Neil Armstrong was the first man on the
Moon on July 20, 1969. Buzz Aldrin was the other astronaut on the Apollo 11
mission to walk on the Moon. Five more successful Apollo landings followed and
the final missions carried out very ambitious explorations, driving a rover to sites
on the Moon.

Robot probes have hugely increased our knowledge of the Solar System. One of
the most important of these is Voyager 2 (launched in 1977 before Voyager 1).
Voyager 2's trajectory took advantage of a rare alignment of the outer planets to
visit Jupiter, Saturn, Uranus and Neptune between 1979 and 1989. The
spacecraft is on its way out of the Solar System but is still retuming data to Earth
every week.

The number of functioning satellites in orbit has increased from one in 1957 to
7,389 satellites in April 2021. There are also thousands of ‘dead' satellites and
space junk fragments in orbit. Although many satellites benefit us, there are now
genuine reasons for concern about the number of them. Already satellites are
spoiling astronomers’ view of deep space objects while the chance of a disastrous
chain reaction of satellites collisions is growing.

@ iCandi Apps Ltd
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G. Lesson Plan Activity Sheet (Second Week)

Discovering Mars - Activities (Ages 8-11)

Today we are going to investigate:

+ How to find Mars in the sky
+  What gives Mars its colour
+ Features on the Martian surface

Activities

1 Start up Night Sky and use your finger to move around the sky. Look for the Sun
and planets. Find the planet Mars (Tip: If you can't see it, type Mars into the
Search box at the top of the menu).

2 Double tap on the planet Mars. This will bring up a 3D view of the planet which
you can rotate with you finger. When you do this, see how one side of the planet
is bright while the other is in darkness.

3 Use your finger to spin Mars around and explore the surface. Find two white
areas (Tip: One is much smaller than the other)

Page 1 ® iCandi Apps Ltd
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Discovering Mars - Activities (Ages 8-11)

You can see that most of Mars looks orange. The planet is this colour because
the rocks and dust on its surface are full of iron oxide. You probably know a
common type of iron oxide we get on Earth.

You can see that Mars does not have any oceans or lakes on its surface. Its
surface is a dry desert. However, it does have a group of four large extinct
volcanoes. One of them is the tallest volcano in the Solar System. It is called

Olympus Mons.

Tip: If you can'’t find the volcano it may be on the dark side of the planet. To fix
this open the Space Travel tab and select the hour number by tapping on it.
Swipe your finger along the bottom row of numbers to change the time of day.
Watch Mars as you do this and you will see the sunlight move across, revealing
the rest of the planet.

X, Well done!

What we have discovered:

+  Mars is orange because it has iron oxide on its surface You're a nght Sky

. Mars :as g;ly ang night just like Earth

+  Mars has two polar ice caps

+  Mars has the largest extinct volcano in the Solar System Superstar! #
Page 2 ©iCandi Apps Ltd

76



H. Lesson Plan Educators Guide (Second Week)

Discovering Mars - Educator's Guide (Ages 8-11)

At the end of these Night Sky activities students will understand:

Mars is an orange-coloured planet

This colour comes from iron oxide on the planet's surface
Mars has ice caps at its poles

Mars has surface features including a giant volcano

Astronomy background information

Mars is the fourth planet from the Sun in the Solar System. Often called the Red
Planet, it appears noticeably orange in the sky. Orange was once regarded as a shade
of red rather than a colour in its own right. Mars is about half as wide as Earth and is
covered with pale desert areas with darker mountainous regions. There are ice caps at
the planet's North and South Poles. Like Earth, Mars has a day and night cycle. Its day
lasts just over 24 hours.

Mars is very cold and has a thin and unbreathable atmosphere. Like the Moon, Mars is
covered in craters from meteoroid impacts. Space missions have discovered that the
planet was less hostile in the past when its atmosphere was thicker. Large lakes and
rivers once existed on Mars but its surface is now completely dry. Its colour comes
from minerals which are rich in iron oxide just like rusty metal.

Mars has several huge inactive volcanoes. A group of four of these are very clearly
visible in an area called Tharsis. One of these, Olympus Mons is the tallest known
volcano in the Solar System. At 21 km high it is more than twice the height of Mt
Everest.

Night Sky App Essential Settings
Go to Night Sky Settings and make sure the following Preferences are set.

Turn On these Effects: Turn Off these Effects:
Show Satellites
N/A Show Glass Mythology

Show Constellation
Real Sky Representation

77

A
?’:I\ﬁ

Accessible Learning:

+ Text size can be increased in
the Preferences section

+ Star numbers can be reduced
by sliding two fingers down
the screen

ronment Based Horizons

Daytime Effect

Draw Trajectories and Orbits

Show Ecliptic Line

Hipparcos catalog
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J. Parent Consent Form

Veli Onay Formu
Sevgili Anne/Baba,

Bu ¢alisma Orta Dogu Teknik Universitesi yiiksek lisans 6grencisi Aysenur AKTAS tarafindan

yuritilmektedir.
Bu calismanin amaci nedir? Arastirmalar, STEM egitiminin amacinin 21. yiizyilm is giicii ihtiyaclarina uygun
nitelikte kisiler yetistirmek oldugunu ve Ogrenci merkezli fen egitiminin motivasyonu arttirdigini ve bu
motivasyonun basariy1 getirdigini gostermektedir. Bu ¢alismanin amact, artirilmis gergeklik kullanarak islenen
STEM egitimini icinde barindiran astronomi derslerinin &zel yetenekli dgrencilerin astronomi bilimine olan
tutumlarini ne 6l¢tide degistirecegini ortaya ¢ikarmaktir.

Cocugunuzun katilmei olarak ne yapmasim istiyoruz?: Bu amag¢ dogrultusunda, ¢ocugunuzdan
dagitilacak motivasyon tutum Slgegi’ni cevaplamasini isteyecegiz ve cevaplarini yazili biciminde toplayacagiz.
Sizden ¢ocugunuzun katilimei olmasiyla ilgili izin istedigimiz gibi, ¢alismaya baglamadan ¢ocugunuzdan da
s6z1i olarak katilimryla ilgili rizast mutlaka alinacak.

Cocugunuzdan alman bilgiler ne amagla ve nasil kullamlacak?: Cocugunuzdan alacagimiz
cevaplar tamamen gizli tutulacak ve sadece arastirmacilar tarafindan degerlendirilecektir. Elde edilecek bilgiler
sadece bilimsel amagla kullanilacak, cocugunuzun ya da sizin ismi ve kimlik bilgileriniz, higbir sekilde kimseyle
paylasilmayacaktir.

Cocugunuz ya da siz ¢calismayr yarida kesmek isterseniz ne yapmahsiniz?: Katilim sirasinda
sorulan sorulardan ya da herhangi bir uygulama ile ilgili baska bir nedenden 6tiirii ¢gocugunuz kendisini rahatsiz
hissettigini belirtirse, ya da kendi belirtmese de arastirmaci gocugun rahatsiz oldugunu 6ngoériirse, ¢alismaya
sorular tamamlanmadan ve derhal son verilecektir. Sayet siz gocugunuzun rahatsiz oldugunu hissederseniz, boyle
bir durumda g¢aligmadan sorumlu kisiye ¢ocugunuzun ¢aligmadan ayrilmasini istediginizi soylemeniz yeterli
olacaktir.

Bu calismayla ilgili daha fazla bilgi almak isterseniz: Calismaya katiliminizin sonrasinda, bu
calismayla ilgili sorulariniz yazili bicimde cevaplandirilacaktir. Calisma hakkinda daha fazla bilgi almak i¢in
Bilgisayar ve Ogretim Teknolojileri Egitimi 6gretim elemanlarindan Omer DELIALIOGLU ile (e-posta:

omerd@metu.edu.tr) ile iletisim kurabilirsiniz. Bu ¢aligmaya katiliminiz i¢in simdiden tesekkiir ederiz.

Yukaridaki bilgileri okudum ve ¢ocugumun bu calismada yer almasini onaylyorum (Litfen alttaki iki

secenekten birini isaretleyiniz.

Evet onaylyyorum___ Hayrr, onaylamiyorum___

Annenin adi-soyadt: Bugunin Tarihi:

Cocugun adi soyadi ve dogum tarihi:

(Formu doldurup imzaladiktan sonra arastirmaciya ulastiriniz).
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K. Student Consent Form

ARASTIRMAYA GONULLU KATILIM FORMU

Bu calisma Orta Dogu Teknik Universitesi yiiksek lisans 6grencisi Aysenur AKTAS
tarafindan yiriitiilmektedir.

Cahismanin Amaci Nedir?

Arastirmalar, STEM egitiminin amacinin 21. yiizyilmn is giicii ihtiyaglarina uygun
nitelikte kisiler yetistirmek oldugunu ve 6grenci merkezli fen egitiminin motivasyonu
arttirdigini ve bu motivasyonun basariy1 getirdigini géstermektedir. Bu ¢alismanin amact,
artirllmis gerceklik kullanarak islenen STEM egitimini i¢inde barindiran astronomi
derslerinin 6zel yetenekli &grencilerin astronomi bilimine olan tutumlarini ne Olglide
degistirecegini ortaya ¢ikarmaktir.

Bize Nasil Yardime1 Olmamizi isteyecegiz?

Arastirmaya katilmay1 kabul ederseniz, bu ama¢ dogrultusunda, sizden artirilmis
gergeklik kullanarak islenen astronomi derslerinin 6ncesinde ve sonrasinda dagitilacak
motivasyon tutum Ol¢egi’ni cevaplamanizi isteyecegiz ve cevaplarmizi yazili bigiminde
toplayacagiz.

Sizden Topladigimiz Bilgileri Nasil Kullanacagiz?

Arastirmaya katiliminiz tamamen goniilliilik temelinde olmalidir. Calistayda sizden
kimlik veya calistigimiz kurum/bolim/birim belirleyici higbir bilgi istenmemektedir.
Cevaplariniz  tamamiyla  gizli  tutulacak, sadece  arastirmacilar  tarafindan
degerlendirilecektir. Katilimcilardan elde edilecek bilgiler toplu halde degerlendirilecek ve
bilimsel yayimlarda kullanilacaktir. Sagladigimiz veriler goniillii katilim formlarinda
toplanan kimlik bilgileri ile eslestirilmeyecektir.

Katiliminizla ilgili bilmeniz gerekenler:

Caligma, genel olarak kisisel rahatsizlik verecek sorular icermemektedir. Ancak,
katilim sirasinda sorulardan ya da herhangi baska bir nedenden otiirii kendinizi rahatsiz
hissederseniz cevaplama isini yarida birakip ¢ikmakta serbestsiniz. Boyle bir durumda
calismay1 uygulayan kisiye, ¢calismadan ¢ikmak istediginizi sdylemek yeterli olacaktir.

Arastirmayla ilgili daha fazla bilgi almak isterseniz:

Calismaya katilimimizin sonrasinda, bu ¢alismayla ilgili sorulariniz yazili bigimde
cevaplandirilacaktir. Calisma hakkinda daha fazla bilgi almak igin Bilgisayar ve Ogretim
Teknolojileri Egitimi 6gretim elemanlarindan Omer DELIALIOGLU ile (e-posta:
omerd@metu.edu.tr) ile iletisim kurabilirsiniz. Bu ¢aligmaya katiliminiz igin simdiden
tesekkiir ederiz.

Yukaridaki bilgileri okudum ve bu c¢aliymaya tamamen goéniillii olarak
katilyyorum.

(Formu doldurup imzaladiktan sonra uygulayiciya geri veriniz).

Isim Soyad Tarih
Imza
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