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! more explanatory and scientifically acceptable responses to the interview questions

Astronomy,

after the TAl instruction practices ended. The technology was an effective means of
reducing the number of alternative ideas the prospective teachers held about basic
astronomy concepts. In view of the findings of the study, it is suggested that
astronomy classes should involve the TAI practices.
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Fen Bilgisi Ogretmen Adaylarinin Astronominin Bazi Temel Kavramlari
Hakkindaki Diisiinceleri

Makale Bilgisi Oz

Bu calismanin amaci, Teknoloji Destekli Ogretim (TEDO) uygulamalariyla &grenim
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goren fen bilgisi 6gretmen adaylarinin astronominin bazi temel kavramlari hakkindaki

Makale Gegmisi: 6gretim uygulamalari 6ncesi ve sonrasi algilamalarini ortaya cikarmaktir. Arastirma
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Anahtar Kelimeler: olusmaktadir. Ogretmen adaylariyla yari yapilandirilmis gériismeler gergeklestirilmis ve
TEDO, eIde”ediIen verilerin degerlendirilmesinde icerik analizinden yararlanilmistir. Sonugta,
Fen egitimi, TEDO uygulamalari sonrasinda 6gretmen adaylarinda belirgin farkhliklar oldugu ve
Astronomi, verilen sorulara daha agiklayici ve bilimsel yanitlar verdikleri gorilmustir. Teknoloji,

Fen bilgisi 6gretmen adaylari.

6gretmen adaylarinin temel astronomi kavramlari hakkinda sahip olduklari alternatif
fikirlerin sayisini azaltmada etkili bir yontem olmustur. Bu baglamda, astronomi dersi
kapsaminda 6grenme ortamlarinin TEDO uygulamalari temelinde yapilandirilmasi
onerilmektedir.
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Introduction

It is a known fact that those who generate and use knowledge efficiently dominate the world in the
era of globalization (Calik & Sezgin, 2005). A good basic education is necessary not only for knowledge
generation but also for the presentation of knowledge in a way that would benefit humanity (Yilmaz,
2011). The same is also true for science education. When the curriculum in Turkey is examined, it is
expressed in the vision statement of the science curriculum that science literate people have the basic
knowledge of science (Biology, Physics, Chemistry, Earth Sciences, Astronomy, Environmental Sciences,
Health and Natural Disasters) (Ministry of National Education (MNE), 2013). Among the objectives of the
curriculum is also ensuring the acquisition of such knowledge. Accordingly, the content of the science
subject is defined in a way that it includes four subject areas (Living Things and Life, Matter and States of
Matter, Physical Phenomena, Earth and Universe) as well as Skills, Perception, Science-Technology-
Public-Environment (STPE) learning domains. Earth and Universe domain involves scientific information
about the inquiry, analysis and exploration of the features and structure of and changes in the Earth and
Universe. It is important that scientific information about the astronomy branch is taught in line with
these objectives. Teachers take the prime responsibility for the realization of this objective. Effective
learning occurs only when some conditions are satisfied. Therefore, teachers and prospective teachers
should have enough competence in the area (in astronomy within the context of this study) and be
knowledgeable about learning models. Besides, it is a must in our era that they also make use of
technology to a certain extent. Teachers should employ the method which enables them to ensure
effective delivery of information to students (Can, 2006). Students are not passive receivers of the
learning environment but individuals who control the direction of their own lives by means of learning.
It is possible to say that permanent learning of such basic concepts of astronomy as earth, stars and
universe can be accomplished only via active learning rather than direct instruction. Bonwell and Eison
(1991) describe five learning strategies to ensure active learning in the classroom. These are: (I) Students
attend more lessons than they listen. (Il) While the transmission of knowledge is less emphasized,
improving the student's skills is more important. (lll) Students are involved in high-level thinking (eg
analysis, synthesis, evaluation). (IV) Students participate in activities (e.g. reading, discussion, writing).
(V) Revealing students' own attitudes and values is emphasized. The active learning of the students was
taken into consideration by considering the strategies stated in the current study, and in this sense,
technology supported teaching was focused. Because it is aimed to ensure active participation of
students in learning in making science concepts that are difficult to understand (astronomy concepts in
the current study) more comprehensible, technology-supported teaching will be a useful way. It is
stated in Isman, Baytekin, Balkan, Horzum, and Kiyici (2002) that technology plays an important role in
the teaching and learning process.

In the literature studies are on the teaching of astronomy subjects and concepts (e.g. Aktamis &
Arici, 2013; Okulu, 2012; Trumper, 2006; Trundle, Atwood & Chrsitopher, 2002). In the study conducted
by Aktamis and Arici (2013) on the effect of using virtual reality programs in the teaching of astronomy
subjects on the academic success and permanence, while the lessons for the control group were taught
in the science laboratory with the help of projection; In the experimental group, in the computer
laboratory, with interactive activities with Celestia, Stellarium and Solar Model programs, the
constructivist approach and prediction were processed by using the observation-explanation strategy.
As a result, it was determined that teaching using virtual reality programs is more effective in increasing
the academic success of students. Efficiency of practices that involve technology-aided activities in the
teaching of astronomy subjects has also been explored in the literature (e.g. Kucukozer, 2008;
Kucukozer, Korkusuz, Kucukozer & Yurumezoglu, 2009). Kucukozer (2008) and Kucukozer et al. (2009)
used 3D computer modeling in their studies. However, it is noteworthy that there are not enough
studies on prospective teachers' knowledge and skills about using telescopes and how they can be
transferred to learning environments. In addition, during the training of prospective teachers, it has
been observed that researches covering technology supported teaching practices (mainly based on the
technological pedagogical content knowledge framework), which are based on in the current study,
have not been conducted. However, the use of technology in astronomy teaching, virtual reality
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programs offer the opportunity to observe events that cannot be directly observed in terms of time,
duration or location (Furness, Winn & Yu, 1997). Such technological tools as smart boards, mobile
applications on astronomy, telescopes etc. have an undeniable effect on the teaching of concepts like
stars, sun, moon, planet, and so on. Smart boards have recently been installed in nearly all educational
institutions, mobile phones are used by people of all ages and telescopes can be used in schools, science
centers, etc. of many provinces. All these technological tools are easy to access and it is a topic that
needs to be addressed and analyzed to discover how these tools affect the teaching of astronomy
concepts. Accordingly, the aim of this study is to reveal prospective science teachers' opinions about
some basic astronomy concepts before and after they participated in an instruction process using
Technology Aided Instruction (TAI) in their courses. To that end, answers to the following question were
explored:

1. How was prospective science teachers’ conceptual understanding of some basic astronomy
concepts before they were introduced TAI applications?

2. How was prospective science teachers’ conceptual understanding of some basic astronomy
concepts after they were introduced TAl applications?

3. How did prospective science teachers’ conceptual understanding of some basic astronomy
concepts change after the introduction of TAl applications in their courses?

Method
Research Model

The study employed qualitative research method and was designed on the basis of case study. Case
study handles all the elements (environment, individual, event, etc.) of a given case as a whole and
explores how they affect and are affected by the focal case of that respective study (Yildirim & Simsek,
2011). Within the framework of the current study, the development in prospective science teachers’
conceptual understandings of astronomy concepts after they use TAl is thoroughly analyzed.

Participants

The study group consists a total of five science teaching program prospective teachers who were
senior students in a university in the Western Black Sea region in the fall semester 2015-2016 academic
year. The prospective teachers took lessons in physics, chemistry and biology before they passed the
final year, so they knew of these subjects. They take astronomy lessons in the 4th class for two hours a
week. In this way they are preparing to be primary and secondary school science teachers. Astronomy
Concept Test developed by Bektasli (2013) was used to determine prospective teachers to be
interviewed. In the test, questions are included about the basic concepts of astronomy such as Earth,
Sun, Moon, star, constellation, space. Questions in the Test were in multiple-choice format and after
each question, participants were also asked to tell how sure they were about their answer. Preservice
teachers answered this question only as yes or no. The main purpose here is to better question the
situation during the talks that will take place later.

Initially, the scale involved 24 items; yet, following the pilot study and analyses the number of items
was reduced to 18 and the scale reached its final form. The Cronbach Alpha value was calculated as .71.
In this regard, all the participant prospective science teachers (N=85) were given an Astronomy
Concepts Test at the beginning of the term. In the relevant test, correct answers are coded as one
point, wrong and empty answers are zero points, in this sense, the lowest score that can be obtained is
zero and the highest score is 18. According to the determined score range, the participants were divided
into three groups [low (0-5), medium (6-11), high (12-18)]. Five prospective teachers were randomly
selected from among the low and median scoring participants because there wasn’t anyone who scored
12 or above. These five teachers were then interviewed. The information about the prospective
teachers interviewed is given in Table 1. The participants’ names were not disclosed in the presentation
of the findings; instead, pseudonyms were used. Designated prospective teachers were included in the
study on a volunteer basis. “Social and Humanities Informed Consent Form” was signed by the
prospective teachers. Participants were told that they could leave the study if they want. In addition, it
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was stated to the participants that the results of the study will be presented in scientific publications. In
such cases, they were also told that their identity would be kept strictly secret, and their approval was
obtained.

Table 1.
Study Group Information
Prospective teacher Gender Score Group
Sema Female 5 Low
Emre Male 1 Low
Ilhan Male 6 Medium
Muge Female 6 Medium
Ecem Female 3 Low
Procedure

Prospective science teachers engaged in TAl practices for one semester within the framework of the
study. The scheme for this practice is given below.

Slide, video, Stellarium,
simulation, internet

. Skyview
—14 = Introductor
— |- Thenigthsky 7 ry
p— o Star Chart L — Installation
S ——_, Observation
~ Sky Map p— -

Ve @
-7

Figure 1. TA| Practices.

The content and meaning of TAIl in the current study can be understood from the practices
presented in Figure 1. It is seen that prospective teachers utilized smart boards, electronic atlases,
Whatsapp groups, telescopes and celestial cartography within the context of TAl practices. These
practices were conducted in a large classroom setting where all the participant prospective science
teachers (N=85) can take part. Smart boards were used for a range of purposes during the study. In the
teaching of basic concepts, lectures were given with the help of slides, videos, simulations, and the
Internet (searching videos, news etc.). Besides, coordinates of a given location were set to the Stellarium
program, accordingly where celestial bodies would appear and when they would appear there were
identified. For example, on April 24, 2016, the location of the moon will be determined and the
preliminary information for the moon observation will be obtained. In this way, some basic knowledge
was constructed for telescope observations and the technology (Stellarium program) was used to
support the students' learning. Whatsapp groups (both for prospective teachers and researchers) were
started before the instruction process began. This group was used for discussions and information
exchange about the subjects covered in classes. Besides, on this Whatsapp group, prospective teachers
shared images of the sky they obtained via electronic atlases and asked for the opinions of their peers.
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In this way, the information that needs to be learned has been moved out of the classroom, and events
have been held everywhere to learn through technology.

Prospective teachers also took part in the activity “Gok Atlasi” (Planisphere) organized by TUBITAK
(The Scientific and Technological Research Council of Turkey). Planisphere is a celestial map in the form
of two disks which can be adjusted to provide an overall representation of the sky in a specific place, for
anytime and any day of the year (Akoglu, 2014). As part of the activity, considering they may not always
have access to planetarium software (Stellarium, Skyview, etc.) but may want to know what the sky
looks like at a given date or time, prospective teachers were taught how to find celestial bodies like
planets, stars, constellations etc. on the celestial sphere by using a celestial atlas. Following the
instruction process, they were asked to participate in a hands-on practice. Later on, prospective
teachers practiced telescope use and as a result three main activities, namely introduction to
telescopes, usage of telescopes and telescope observations were organized. In the introduction part,
teachers learned what a telescope is, how it was invented and how many types of telescopes exist.
Classified components of the catadioptric telescope used in the study were presented to the
participants as (I) optical tube and its parts and (ll) tripod and its parts. Assembly of the telescope was
shown in detail and the functions of each part as well as where they should be placed were explained. In
this way, the prospective teachers have learned enough information that the technology they will use,
not only learn the direction of observation but also can provide the setup on their own. After
prospective teachers were provided sufficient information about telescopes, they made observations
from 21.00 to 23.00 for a period of three weeks. The observations were about the Moon and its phases,
Jupiter, stars and constellations.

Instrument

Researchers of the study made semi-structured interviews with prospective teachers using a pre-
determined set of questions (see. Appendix-1). Such interviews offer higher flexibility than do structured
interviews as they allow researchers both to adhere to the pre-determined form and to add some extra
questions depending on the flow of the interview (Turnuklu, 2000). Hence it becomes possible to obtain
more detailed information from the interviewee.

Astronomy Concepts Test was taken into consideration during the preparation of the interview
questions and some questions which would help reveal the opinions of prospective teachers about
some basic astronomy concepts were also included. Final versions of the questions were determined
after lecturers affirmed their sufficiency. Interviews took 20 to 30 minutes. Voices of the participants
were recorded with their permission to prevent any possible loss of the interview data.

Data Analysis

As the first step of the analysis, interview data were transcribed. After reading the transcriptions, the
data was evaluated by means of content analysis. In the content analysis, the data are analyzed,
gathered under similar concepts and themes, organized in a comprehensible way and finally are
interpreted (Yildirim & Simsek, 2011, p. 227).

For the validity of the data, firstly separate analyzes were made independently by three different
researchers, then different codes were discussed and necessary arrangements were made. In the
current study, findings sections present the responses of prospective teachers’ in detail without any
comments or modifications. This situation has an effect on increasing the internal reliability of the study.
In addition, the external validity of the study was provided by explaining the characteristics of the study
group, explaining the selection of the group in detail, and describing the process.

Findings

This section presents the findings from the qualitative data collection tool of the study, i.e. from the
semi-structured interviews conducted with all five of the selected students both before and after the
instruction period. Findings on the themes which were classified as star, planet, the Sun and Moon are
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provided separately in the form of tables. Findings are also complemented by the opinions of
prospective teachers. Findings of the interviews regarding the concept of star are provided in Table 2.

Table 2.
Prospective Teachers’ Opinions Regarding Star Concept

First Final

Theme Code Interview Interfview
f

N

It is a source of light.
It is a source of heat.
It is a luminous celestial object.

Definition of It is a celestial object that illuminates the Earth.

star They are celestial objects other than planets.

They are objects that are visible only in the dark thanks to
the light from the Sun.
They are formed from clouds of dust and gas. - 2

=N B

[ = =N S
1

Pentagonal

Scattered in the form of dots
Stars do not have a specific shape
Spherical

Shapes of stars

R P W
1

1
w

They are huge.
They are solid.
They are gas.
They emit light/are sources of light.
They emit heat/are sources of heat.
They are in motion.
They are far away.
They have temperature.
They have a mass.
They appear to twinkle/pulsate.
Features of stars They are not visible in daylight.
Spherical.
They have different colors.
They are rotate.
They have a different kind of light energy (radiation).
They have a limited life span. -
They are built in the form of nebula. -
They are initially primitive stars. -
They die in different ways depending on their mass. -
They have a fixed position. -
They are not living things. -

N N

PR R RPRRERNRPRWRRR
N R R

VR R P R R, WRERLRREN.:

Sun 2
North star 3
Comet 3
Example of a Constellation 1 -
1
1
1

star name Milky Way
Ursa Major

Ursa Minor
Sirius 1

Definition of They are stars that appear together. 2 2
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constellation They are stars which are not static i.e. which shift position 1
every night.
They are stars that move together. 1
They are a type of star. 1

They are groups of stars. - 1
They are stars that involve a, b and c stars. - 1
They are groups of stars that are seen as a group from the i 1
Earth.
They are not stars. 2 5
They are a form of galaxy that contains other objects. 1 -
Definition of They are meteors. 2 -
comet They are stars that leave a trace when they die away. 1 -
An object that resembles a star as the ice in its tail emits i 4

light while it’s melting away.

When Table 2 is examined, it is seen that prospective teachers’ opinions in the theme on the
definition of star in the first interviews involved the following codes: “It is a source of light” (f=2), “It is a
luminous celestial object” (f=1), “It is a celestial object that illuminates the Earth” (f=1), “They are
celestial objects other than planets” (f=1), “They are objects that are visible only in the dark thanks to
the light from the Sun” (f=1). It is seen that the majority of the participant prospective teachers (f=4)
emphasized the idea that a star is a source of light. Sema added that apart from being a source of light,
stars are formed from clouds of dust and gas. Emre and llhan, on the other hand, stated that stars are
not only sources of light but also sources of heat. Prospective teachers had different opinions about the
shapes of stars. Some believed that stars are “pentagonal” (f=3) or “scattered in the form of dots” (f=1)
while others thought “stars do not have a specific shape” (f=1). In the final interviews, however, they all
stated that “stars are spherical” (n=5).

Prospective teachers’ opinions regarding the features of stars can be gathered under different codes.
This theme was divided into the following sub-themes: “They are huge” (f=1), “They are solid” (f=1),
“They are gas (f=1), “They emit light/are sources of light” (f=3), “They emit heat/are sources of heat”
(f=1), “They are in motion” (f=2), “They are far away” (f=1), “They have temperature” (f=1), “They have a
mass” (f=1), “They appear to twinkle/pulsate” (f=1), “They are not visible in daylight” (f=1). Similarly, in
the final interviews, prospective teachers indicated that stars: “emit light/are sources of light” (f=2),
“emit heat/ are sources of heat” (f=2), “are far away” (f=1), “have temperature” (f=1), “have a mass”
(f=1), “appear to twinkle/pulsate” (f=2). Besides, they provided comments regarding the features of
stars and indicated that stars are “spherical” (f=2), “have colors” (f=1), “rotate” (f=1), “have a different
kind of light energy (radiation)” (f=1), “have a limited life span” (f=3), “are built in the form of nebula”
(f=1), “are initially primitive stars” (f=1), “die in different ways depending on their mass” (f=1), “have a
fixed position” (f=1), “are not living things” (f=1). Under the theme an example of a star name given in
Table 2, emerged the codes in the first interviews as: “the Sun” (f=2), “the North Star” (f=3), “Comet”
(f=3), “Constellation” (f=1), “the Milky Way” (f=1), “Ursa Major” (f=1), and “Ursa Minor” (f=1). It is clear
that prospective teachers suggested names of constellation and galaxies as star names in the first
interviews. In the final interviews, all the prospective teachers listed the Sun as a star name. In addition
to the Sun, Sirius was quoted as a star name by Emre.

In view of Table 2, it is possible to say the first interviews yielded the following sub-themes regarding
the definition of constellation theme: “They are stars that appear together” (f=2), “They are stars which
are not static i.e. which shift position every night” (f=1), “They are stars that move together” (f=1), “They
are a type of star” (f=1). In the final interviews, the sub-themes were: “They are stars that appear
together” (f=2), “They are groups of stars” (f=1), “They are stars that involve a, b and c stars” (f=1),
“They are groups of stars that are seen as a group from the Earth” (f=1). As to the definition of comets,
prospective teachers reported in the first interviews that “they are not stars” (f=2), "they are a form of
galaxy that contains other objects” (f=1), "they are meteors (f=2), "they are stars that leave a trace when
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they die away” (f=1). In the final interviews, on the other hand, all the participants stated that “comets
are not stars” (f=5) and defined comet as “an object that resembles a star as the ice in its tail emits light
while it’s melting away.” Furthermore, prospective teachers expressed that comets have three parts. An

excerpt from the first and final interviews in which Muge discussed this issue is given in Table 3.

Table 3.

Muge’s, one of the Prospective Teachers, Opinions about the Concept of Comet

First Interview

Final Interview

Researcher: What is comet?

Muge: | read a book called “A Marriage under a
Comet”. In the book was a part about a comet. It
was likely that this comet would strike the Earth.
Was its name Halley’s? Yes, | think it was Halley’s
Comet.

Researcher: Well, what is comet?

Researcher: What is comet?

Muge: It is not a star. It emits light as its tail is
melting away because of the heat from the Sun.
Researcher: OK.

Muge: Tail, core and coma... Is it right? It consists
of three parts. As its tail is melting away, it seems
as if it emits light. This is why they call a comet.

Muge: It can also be a meteor. | mean, sometimes
we hear that a piece of meteor approaches the
Earth and that it has fallen somewhere. So it can
also be a piece of meteor.

Researcher: So you say a comet is a piece of
meteor. OK.

According to table 3, in the first interview, Muge defined “comet” on the basis of her past
experiences and said that it was a meteor. This indicates that Muge had an alternative conception
before the instruction period. In the final interview, she said it is not a star and explained that it has
three parts (tail, core and coma). It is seen that this prospective teacher reshaped her alternative
conception scientifically at the end of the instruction period. Findings of the interviews regarding the
concept of Sun are provided in Table 4.

Table 4.
Prospective Teachers’ Opinions Regarding Sun Concept

First Final
Interview Interview
f f

Theme Code

It is a source of heat and light. 3 2
It is our energy source.

It is the major energy source of Earth.
It generates all the planets.

It is the center of planets.

Itis a star. 1
It is the closest star to Earth. - 1
Nuclear phenomena occurs in the Sun. - 1
It is the only star that is visible in 1
daylight.

'
[any

R R Ww
1

Definition of Sun

Star.

Type of celestial body
I have no idea.

It is made up of hydrogen and helium.
Its inner and outer heat are different.
It is the largest celestial body.

Its heat is very high.

It is denser than other stars.

It is a mass of gas.

Features of the Sun

O S O = S T N
1
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Itis elliptical in shape. 1
It is huge.
It is a source of heat and light. -
It has a life cycle. -
It is the closest star to the Earth. -
It has a yellow-orange color. -
It is of medium heat. -
It is a sphere. -

[EEN
'

Sun’s motion around its own It rotates. (dolanir)
axis

W N [PNNNN RS

It doesn’t rotate.

2
3

Sun’s rotation around the It rotates. (doner) 1 -
4

, .
Earth’s orbit It doesn’t rotate.

Sun’s rotation around the

. It doesn’t rotate. 5 5
Moon’s orbit

Table 4 shows that in the first interviews, the Sun was defined under the following sub-themes: “It is
a source of heat and light” (f=3), “It is the major energy source of Earth” (f=3), “It generates all the
planets” (f=1), “It is the center of planets” (f=1). In the final interviews, however, the following sub-
themes emerged: “It is a source of heat and light” (f=2), “It is our energy source” (f=1), “It is a star” (f=1),
“It is the closest star to Earth (f=1), “Nuclear phenomena occurs in the Sun” (f=1), “It is the only star that
is visible in daylight” (f=1). It is seen that under the theme the Sun’s type as a celestial body (see. Table
4), four prospective teachers regarded it as a type of star while one admitted to have no idea concerning
its type. In the final interviews, all prospective teachers (n=5) defined the Sun as a type of star. In
relation to the theme on the features of the Sun, the responses in the first interviews were: “It is made
up of hydrogen and helium” (f=1), “Its inner and outer heat are different” (f=1), “It is the largest celestial
body” (f=1), “Its heat is very high” (f=1), “It is denser than other stars” (f=1), “It is a mass of gas” (f=1), “It
is elliptical in shape” (f=1), “It is huge” (f=1). In the final interviews, however, they said that “it is a mass
of gas” (f=1). Besides, they indicated that “it is a source of heat and light” (f=4), “it has a life cycle” (f=1),
“it is the closest star to the Earth” (f=2), “it has a yellow-orange color” (f=2), “it is of medium heat” (f=2),
“itis a sphere”.

When the themes regarding the motions of Sun are analyzed one by one (see Table 4), it is seen that
Sun’s motion around its own axis can be gathered under the same sub-themes both in the first and final
interviews, namely “it rotates” (f=2), and “it doesn’t rotate” (f=3). As to the motion of the Sun around
the Earth, in the first interviews, the sub-themes were: “It rotates” (f=1), and “It doesn’t rotate” (f=4). In
the final interviews, there was only one sub-theme, namely “it doesn’t rotate” (f=5). As for the motion
of the Sun around the Moon, there was one sub-theme both in the first and final interviews, namely “it
doesn’t rotate” (f=5). An excerpt from the first and final interviews in which Sema discussed this issue is
given included in Table 5.

Table 5.
Sema’s, one of the Prospective Teachers, Opinions about the Movement of the Sun
First Interview Final Interview
Researcher: About the motion of the Sun around Researcher: Does the Sun rotate around its own
itself, do you think it really rotates around itself? axis?
Sema: The sun doesn’t move. Sema: Yes, it does. | have learnt it.
Researcher: Does the Sun rotate around the Researcher: You didn’t know, but then learnt it.
Earth? Sema: | thought it was static.

Sema: The Earth rotates around the Sun. Researcher: Then, does the Sun rotate around the
Researcher: Does the Sun rotate around the Earth?
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Moon? Sema: No. The Earth revolves around the Sun.
Sema: No, it doesn’t. Researcher: What about the Moon?

Researcher: Is the Sun static? Sema: It doesn’t rotate around the Moon. The
Sema: The Sun is static and the Earth rotates Moon rotates around the Sun. Both the Earth and
around it. the Moon rotate around the Sun.

According to Table 5, in the first interview, Sema said the Sun doesn’t rotate around itself or around
the Earth and Moon. In the final interview, however, her alternative conception regarding the Sun’s
motion around itself transformed into a scientific one while her two scientific opinions (The Sun doesn’t
revolve around the Earth, The Sun doesn’t revolve around the Moon) persisted. Besides, Sema’s other
statements like “Yes. | have learnt it.” and her explanatory answers “It doesn’t rotate around the Moon.
The Moon rotates around it. Both the Earth and the Moon rotate around the Sun.” are worth attention.
Findings of the interviews regarding the concept of planet are provided in Table 6.

Table 6.
Prospective Teachers’ Opinions Regarding Planet Concept
. . Final
Theme Code First In:erwew Interview
f
2 -
Number of the planets 3 .
Composed of Gas/Not composed of gas 1 -
Big/Small 1 -
With/Without a satellite 1 -
Classification With/Without life 1 -
Inner/Outer planet 1 2
Hot/Cold planet 1 -
Rocky/Gas planet - 2
Solid/Gas planet - 1
Earth’s motion around
. . It rotates. 5 5
its own axis
Earth’s rotation around It rotates 5 5
the Sun’s orbit )
Earth’s rotation around It rotates. 1 -
the Moon’s orbit It doesn’t rotate. 4 5
Sun 1 4
Comet 1 -
North Star 1
Closest star to the Earth  Mercury 1 -
Stars that appear close together 1 -
Shooting stars 1 -
Sirius - 1
The Earth’s rotation around the Sun 5 5
The reason(s) for Axial tilt 1 4
seasons The angle at which sunlight reaches the 1 i

Earth, either 90° or a specific degree

Table 6 shows that as to the number of the planets in the Solar System, prospective teachers
responded either “7” (f=2) or “8” (f=3) in the first interviews while they all said that there are “8”
planets in the system when they were asked the same question in the final interviews. As to their
opinions regarding the question whether planets can be classified or not, the sub-themes in the first
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interviews were: “Composed of Gas/Not composed of gas” (f=1), “Big/Small” (f=1), “With/Without a
satellite” (f=1), “With/Without life” (f=1), “Inner/Outer planet” (f=1), “Hot/Cold planet” (f=1). In the final
interviews, however, the sub-themes were: “Inner/Outer planet” (f=2), “Rocky/Gas planet” (f=2),
“Solid/Gas planet” (f=1).

If the Table 6 about the motions of the Earth is analyzed, it can be concluded that the theme had the
sub-theme “it moves” (f=5) both in the first and final interviews. That of the Earth’s rotation around the
Sun had “it rotates” (f=5) sub-theme both in the first and final interviews. Finally, the theme about the
Earth’s rotation around the Moon revealed “it rotates” (f=1) and “it doesn’t rotate” (f=4) sub-themes in
the first interviews, while it revealed only “it doesn’t rotate” (f=5) sub-theme in the final interviews. The
closest star to the Earth was identified as “the Sun” (f=1), “Comet” (f=1), “the North Star” (f=1),
“Mercury” (f=1), “Stars that appear close together” (f=1) and “Shooting stars” (f=1) in the first
interviews. In the final interviews, however, four of the participant prospective teachers responded “the
Sun” while only one teacher quoted “the Sirius”. In the first interview, Sema responded that the closest
star to the Earth was Mercury while she changed her alternative conception later on and stated that the
Sun is the closest star. A section from the interview with Sema regarding the stated expression is
included in Table 7.

Table 7.
Sema’s, one of the Prospective Teachers, Opinions about the Closest Star to the Earth

First Interview

Final Interview

Researcher: What is the closest star to the Earth?
Sema: [ponders] | have never heard something like
this, but if we assume that Mercury is a star, the
closest planet to the Sun is Mercury, but is it really
a star... | mean, | don’t know, I’'m not sure, but as
far as | know planets are stars. For an object to be
considered a star, it shouldn’t necessarily be
white, but not everything we see in the sky is a
star... Thus, | think it is Mercury, because planets
are also stars.

Researcher: Planets are stars, and the closest star
to the Earth is Mercury you say, don’t you?

Sema: Yes.

Researcher: What is the closest star to the Earth?
Sema: [ponders] Professor, we don’t classify
planets as stars, but you know Venus is also
referred to as “morning star”, and so do we
consider it a star?

Researcher: | don’t know.

Sema: If yes, then the closest star must be Venus;
but if not, it can’t be Venus. [Ponders]. The closest
star to the Earth... Uh, | knew it... Is it Sun... Yes, it
is Sun.

Researcher: Ok.

Finally, the theme about the reason(s) for seasons was divided into the following sub-themes in the

first interviews: “The Earth’s rotation around the Sun” (f=5), “Axial tilt” (f=1) and “The angle at which
sunlight reaches the Earth, either 90° or a specific degree” (f=1). In the final interviews, “the Earth’s
rotation around the Sun” (f=5) and “Axial tilt” (f=4) appeared as the sub-themes. Findings of the
interviews regarding the concept of Moon are provided in Table 8.

Table 8.
Prospective Teachers’ Opinions Regarding Moon Concept
First Final
Theme Code Interview Interview
f f
Type of celestial satellite 3 >
bod Star 1 -
v I don’t have any idea. 1 -
It is a source of light. 2 -
Features of the It gets its energy from the Sun. 1 -
Moon It is the satellite of the Earth. 2 -
It is smaller than the Earth. 1 -
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It has phases.

It emits heat.

It is not a source of light.

The same side of the Moon always faces the
Earth.

It reflects the light that it gets from the Sun.
There are craters and meteor craters on its
surface.

It has a terrestrial structure.

It prevents meteors from reaching the Earth.

Moon’s motion

around its own axis

It rotates.

It doesn’t rotates.

Moon’s rotation
around the Sun’s
orbit

It rotates.

It doesn’t rotates.

Moon’s rotation

around the Earth’s

orbit

It rotates.

It doesn’t rotates.

IS

The reasons for the

phases of the
Moon

Motion of the Moon around the Sun

Motion of the Earth around the Sun

The light the Moon receives from the Sun
The shadow the Earth casts on the Moon
The shadow the Sun casts on the Moon
Positions of the Moon, Sun and Earth in
relation to each other

The Moon’s motion around the Earth

The appearance of the Moon from the Earth
as it revolves around the Sun

RPN BR R R R

[ERN

Names of the
phases of Moon

New moon
Full moon
Crescent

First quarter
Last quarter
Half moon
Gibbous moon

= W whsouum

(S IO N0, RO, 0,

Positions of the

Sun, Earth and

Moon during a
lunar eclipse

Sun-Earth-Moon
Earth-Sun-Moon
Earth-Moon-Sun
Moon-Sun-Earth

R R W

BN

Positions of the

Sun, Earth and

Moon during a
solar eclipse

Sun-Earth-Moon
Moon-Sun-Earth
Sun-Moon-Earth
Earth-Sun-Moon
Moon-Earth-Sun

[ = N

Definition of tide

The sea lapping the shore

The reverse flow of water from the bottom
to the surface

Rise and fall of ocean water/ebb of water

A total of six hours remaining from the time
the Moon and Sun are seen from the Earth
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The ebb and flow of the sea - 1
Celestial body that ls\ilj(:]on le i
causes the tides The pieces from the Sun 1 -

When Table 8 is examined, in the theme titled the type of celestial body, three prospective teachers
stated in the first interviews that “it is a satellite”; one stated that “it is a star” while another teacher
didn’t have any idea. In the final interviews, however, all the participant prospective teachers (n=5)
defined the Moon as “a celestial body called satellite”. Table 9 contains an excerpt from the interviews
with the participant encoded as Emre. Emre said in the first interview that the Moon was a star and his
reasoning was that it emitted light. In the final interview, on the other hand, his alternative conception
that it was a star was transformed into a scientific one and hence he expressed that the Moon is a
satellite.

Table 9.
Emre’s, one of the Prospective Teachers, Opinions about the Concept of Moon

First Interview Final Interview
Researcher: What kind of a celestial body is the Researcher: What kind of a celestial body is the
Moon? Moon?
Emre: | think, it would be wrong to say thatitisa Emre: The Moon is the satellite of the Earth.
planet... It is a star. Researcher: It is a satellite. Why is it a satellite?
Researcher: Is the Moon a star? If so, why? Emre: Emre: It is not a planet or a source of light. So it is
Because it is a source of light. a satellite.
Researcher: So you say, it is a source of light. Researcher: If it is not a source of light, how can

we see the Moon?

Emre: It reflects the light that it receives from the
Sun. This is why we see it bright. Researcher: So
you say this is why we see it bright. OK.

As to the theme about the features of the Moon, it is seen that the sub-themes in the first interviews
were as follows: “It is a source of light” (f=2), “It gets its energy from the Sun” (f=1), “It is the satellite of
the Earth” (f=2), “It is smaller than the Earth” (f=1), “It has phases” (f=1), and “It emits heat” (f=1). In the
final interviews, the sub-themes were: “It has phases” (f=2), “It is not a source of light” (f=4), “The same
side of the Moon always faces the Earth” (f=1), “It reflects the light that it gets from the Sun” (f=1),
“There are craters and meteor craters on its surface” (f=1), “It has a terrestrial structure” (f=1), “It
prevents meteors from reaching the Earth” (f=1). When the themes about the motions of the Moon
were analyzed one by one (see Table 8), motion of the Moon around itself emerged under two sub-
themes in the first interviews, namely “it rotates” (f=3) and “it doesn’t rotate” (f=2) while in the final
interviews there was only “it rotates” (f=5) sub-theme. The Moon’s motion around the Sun was
gathered under two sub-themes in the first interviews: “It rotates (f=2) and “It doesn’t rotate” (f=3). In
the final interviews, there was only one sub-theme: “It rotates" (f=5). The theme about the Moon’s
motion around the Earth was gathered under two sub-themes in the first interview: “It rotates” (f=4)
and “It doesn’t rotate” (f=1). In the final interviews, there was only one sub-theme “It rotates” (f=5).

As to the theme about the reasons for the phases of the Moon (see Table 8), it is seen that
participant prospective teachers’ opinions gathered under the following sub-themes: “Motion of the
Moon around the Sun” (f=1), “Motion of the Earth around the Sun” (f=1), “The light the Moon receives
from the Sun” (f=1), “The shadow the Earth casts on the Moon” (f=2) and “The shadow the Sun casts on
the Moon” (f=1). Apart from these, participants’ opinions in the final interviews included the following:
“Positions of the Moon, Sun and Earth in relation to each other” (f=2), “The Moon’s motion around the
Earth” (f=2) and “The appearance of the Moon from the Earth as it revolves around the Sun” (f=1).
Prospective teachers could name the new moon and full moon phases both in the first and final

1037



EZBERCI CEViK et all. — Cukurova Universitesi Egitim Fakiiltesi Dergisi, 49(2), 2020, 1025-1060

interviews; crescent, first and last quarter phases, on the other hand, were quoted only by some in the
first interviews. In the final interviews, on the other hand, names of all the principal phases of the Moon
were indicated. Besides, one participant specified half-moon as a phase and two others counted gibbous
among the phases.

When the themes about the questions on lunar and solar eclipse were analyzed (see Table 8), the
theme about positions of the Sun, Earth and Moon during a lunar eclipse yielded the following sub-
themes in the first interviews: “Sun-Earth-Moon” (f=3), “Earth-Sun-Moon” (f=1), “Earth-Moon-Sun”
(f=1). These sub-themes turned into the “Sun-Earth-Moon” (f=4), and “Moon-Sun-Earth” (f=1) in the
final interviews. As to the positions of the Sun, Earth and Moon during a solar eclipse, sub-themes in the
first interviews were: “Sun-Earth-Moon” (f=2), “Moon-Sun-Earth” (f=1), “Sun-Moon-Earth” (f=1), “Earth-
Sun-Moon” (f=1). These categories turned into the “Sun-Moon-Earth” (f=4), and “Moon-Earth-Sun”
(f=1).

Finally, prospective teachers’ opinions about the tides were questioned and among the relevant
themes (see Table 8), the theme about the definition of the tides revealed the following sub-themes in
the first interviews: “The sea lapping the shore” (f=1), “The reverse flow of water from the bottom to
the surface” (f=1), “Rise and fall of ocean water/ebb of water” (f=2), “A total of six hours remaining from
the time the Moon and Sun are seen from the Earth” f=1). As to the definition of the tides, in the final
interviews, the participants emphasized that “the tides mean the rise and fall of ocean water/the ebb of
water” (n=4), one prospective teacher, on the other hand, said that “tides indicate the ebb and flow of
the sea”. The theme about the celestial body that causes the tides revealed, in the first interviews, the
sub-themes of the Moon, Sun and the pieces from the Sun while in the final interviews all the
prospective teachers considered the Moon as the answer. Besides, Sema stated both the Moon and Sun
as the celestial body that causes tides.

Discussion, Conclusion and Recommendations

In this study, which prospective science teachers’ conceptual understanding of some basic
astronomy concepts before they were introduced TAl applications, after they were introduced TAl
applications and the change, the statistical results showed that the technology was an effective means
of reducing the number of alternative ideas the prospective teachers held about basic astronomy
concepts. Concerning the first sub-problem of the research, it was revealed that prospective teacher’s
opinions gathered under six themes namely definitions, shapes and features of stars, an example of a
star name, the definition of constellation and definition of comet. As a result, it was found out that
prospective teachers’ opinions that were revealed in the first interviews considerably changed in the
final interviews and alternative conceptions were largely abandoned (e.g. It is the celestial bodies
outside the planet.; It is pentagonal shaped.; It is solid.; The comet is a star.; Constellations are stars
together.; Comet is a meteorite.). The importance of prospective teachers who will do the teaching
profession in the future in learning this information scientifically is undeniable. The importance of this
situation can be seen in the study of Tascan and Unal (2013). In their study with science teachers and
prospective science teachers, related researchers aimed to compare their knowledge on basic
astronomy issues such as concepts of astronomy, the phases of the Moon, eclipses, the solar system,
the formation of stars and the universe. In the light of the findings, most of the prospective teachers
were found to be more successful than the teachers. As a result of the current study, the difference
determined among prospective teachers shows the importance that their meaningful learning will gain
them in the future.

One of the common alternative conceptions teachers had about the shapes of stars was that they
considered stars pentagonal. A possible reason for this is that prospective teachers drew from their daily
experiences and therefore depicted stars as the one on the Turkish flag. Kurnaz (2012) also reached
similar findings in his study with 7th graders. In the final interviews conducted after TAI, it was found out
that this alternative conception was completely abandoned. Practices undertaken in the teaching of the
concepts of star, Sun, constellation and comet in the TAIl process; more clearly, projecting slides on
smarts boards in the lectures, showing videos and simulations about the subjects, three-week-long
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telescope observations and particularly prospective teachers’ observations of stars and constellations
were an important factor that helped them refine their conceptual understandings. The fact that in the
final interviews, all the participant prospective teachers stated that stars are spherical can set an
example to such refinement. The importance of technology-supported education in teaching astronomy
concepts such as stars has been emphasized in different studies with different technological
applications. In his study, Gurbuz (2016) aimed to investigate the misconceptions of prospective science
teachers on basic astronomy issues and to examine the effect of micro teaching method supported by
educational technologies on correcting misconceptions. At the beginning of the research, it was
determined that the prospective teachers who constitute the sample of the study had different
misconceptions about the basic astronomy subjects and it was found that these misconceptions were
resolved with the micro teaching method at the end of the research.

Another alternative conception of prospective teachers was that they considered constellations an
example to stars and different students named Ursa Major and Ursa Minor constellations as stars. This
indicates that prospective teachers had some alternative ideas that had never been seen in the
literature. Daily exploration and inquiries have an immense effect on individuals’ learning experiences.
However, knowledge gained solely through observations may not always turn out to be true. Names
prospective teachers assign to celestial bodies based on their naked-eye night observations and/or the
way they describe these bodies will be conveyed to future generations as they are, unless these
opinions are questioned and verified scientifically. Within this context, effects of the instructional
activities (particularly telescope observations) carried out within the scope of the current research are
undeniable. The fact that all prospective teachers quoted Sun as an example to stars in the final
interviews is worth attention. In the final interviews, one participant quoted not only Sun but also Sirius
as an example to stars (see, Table 2). It is likely that prospective teachers retained it in their minds after
the TAI process because Sirius was among the reference stars in the telescope observations. In view of
these, it can be said that each practice during TAIl particularly telescope observations (introduction,
usage and observations) was instructive and these parts were effective in the transformation and
correction of concepts in the participants’ minds.

According to another finding, prospective teachers shared a variety of alternative conceptions about
the Sun in the first interviews (see Table 4). This can be concluded from the statements: “It generates all
the planets” (about the definition of the Sun); “It is the largest celestial body” and “It is denser than
other stars” (about the features of the Sun); “It doesn’t rotate around its own axis” (about the motions
of the Sun). In the final interviews, however, they emphasized that the Sun is a source of heat and light
and has a life cycle etc. while their opinions regarding its motion remained the same. A similar situation
exists in the study of senior prospective teachers in Unsal, Gunes and Ergin (2001). In the related study,
it has been shown that the students have completely wrong and incomplete information although they
are familiar with the scientific terms used in basic astronomy subjects. Throughout the TAI practices,
prospective teachers studied the concept of Sun with the help of videos, slides and simulations
projected on smart boards and engaged in activities about sunset and sunrise times; in this way, they
exhibited considerable development in terms of their conceptual understandings. They also shared their
comments about solar phenomena (solar eclipse etc.) on their Whatsapp group. Telescope observations
didn’t involve observation of the Sun (due to a lack of solar filter), instead various stars were observed at
the times (21:00-23:00) of practice. Although activities placed strong ideas in the minds of students and
their scientific knowledge on the concept of Sun grew considerably, this idea about the motion of the
Sun remained the same. This is an expected outcome since it is not easy to eradicate alternative
conceptions in an individual’s mind. In a similar way, prospective teachers’ responses about the motion
of the Earth were similar in the first and final interviews. Only one participant replaced their initial
statement “The Earth rotates around the Moon” with the scientific truth in the final interview. In a study
by Baloglu Ugurlu (2005), 6th graders were given a false statement “The Earth takes one day to
complete its one full rotation around the Sun” and 2/5 of the students marked this statement true i.e.
they didn’t know the right answer. In another question by Baloglu Ugurlu, more than 3/5 of the students
marked the statement “The Earth takes one year to complete its one full rotation around the Sun” true
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and the rate of wrong answers fell when compared to the previous statement. In the next question, the
statement was put as “The Sun takes one year to complete its rotation around the Earth” so as to
confuse students. As a result, 1/5 of the students agreed to this statement showing they either
miscomprehended or didn’t fully comprehend this phenomenon. In this regard, it is possible to say that
primary school students have alternative conceptions concerning the subject and therefore it is of
crucial importance for prospective teachers who will be teaching this subject in the future to have
scientifically verified knowledge. In the first interviews about the seasons, only one participant could
name one of the reasons for seasons namely axial tilt while this number rose to four in the final
interviews. Bostan (2008) conducted a study among different age groups and she found out that stating
the axial tilt of 23027' as the reason for seasons got more frequent with age and prospective teachers
who attended more lectures were able to give the right answer.

Results about the concept of Moon indicate that prospective teachers had alternative conceptions of
the Moon before they participated in the instruction process (see, Table 8). An interesting alternative
conception about the phases of the Moon in the first interviews, for example, was that the Earth cast
shadow on the Moon. A range of studies in the literature are in line with this finding, in that they verify
that, in relation to the phases of the Moon, it is one of the most common alternative conceptions
among students of all ages (Bisard, Aron, Frances & Nelson, 1994; Ogan Bekiroglu, 2007; Trundle,
Atwood & Christopher, 2007; Trundle, Troland & Pritchard, 2008). In a study by Trundle et al. (2008),
students said the Moon appeared in different shapes because it stood under the shadow of the Earth
i.e. they thought this was the reason for the phases of the Moon. It was concluded that prospective
teachers’ opinions underwent considerable change after the instruction process. It has been shown that
only one prospective teacher has partial scientific knowledge to express the cause of the moon phases
(Moon's view of the Earth as it revolves around the Sun.). Similarly, in the study done by Trundle et al.
(2007) it was obtained that only one of the seven participants who initially provided evidence of holding
one alternative conception on the cause of moon phases was categorized as alternative on the delayed
post interview. Four of the remaining six were solidly scientific, and two were categorized as scientific
fragments. In the present study, participants shared images of the phase of the Moon on a given day
and discussed it on their Whatsapp group; they watched videos on smart boards and attempted to
calculate phases of the Moon for a given date by using Stellarium program. Accordingly, all these
practices had significant influence on the transformation of these alternative conceptions by making
them think critically. In the study conducted by Baleisis, Docter and Magee (2007), it was aimed to show
the effectiveness of the Stellarium program in astronomy education, and as a result of the study
conducted in a collaborative environment with the participation of 101 students, it was observed that
students' skills such as communication, critical thinking and creativity were improved. It is also found
out that the three-week-long telescope observations which included many observations about the
phases of the Moon were also beneficial in the strengthening of their knowledge. In this regard, about
the reasons of the Moon’s phases, the statement “Positions of the Sun, Earth and the Moon in relation
to each other as the Moon rotates around the Earth are what determine the portion of the Moon to be
seen from the Earth” was an important evidence to this transformation. Besides, the fact that
participants completed the TAI with scientific knowledge about the Moon’s motions proves the process
was effective in the teaching of the subject.

From a general perspective, it can be concluded that prospective teachers experienced considerable
development and as a result gave clearer and scientifically acceptable responses to the interview
questions after the TAl instruction practices ended. In this context, it was found out that using smart
boards and hence utilizing videos, simulations, Internet and assistant software programs in the teaching
of basic concepts facilitate learning. Prospective teachers got the opportunity to make observations on
their smart phones thanks to electronic atlases and these activities were particularly helpful in
enhancing their perceptions of the concept of constellation. Besides, participants could easily
communicate thanks to the Whatsapp group and hence exchange information with each other.
Planisphere use provided an example to basic observations and these experiences were reinforced in
the telescope exercises. These observations, as a result, played an important role in teaching the
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participants how to differentiate stars and planets from each other. Considering these, it is obvious that
every single activity of the TAl was of great importance and these activities complemented each other.
With this study, it was demonstrated that TAlI which were not used in other studies about teaching basic
astronomy concepts, made a considerable contribution to learning.

In view of the findings of the study, it is believed that astronomy classes should involve TAI practices.
Besides, it can be suggested that such practices facilitate instruction and make it more enjoyable.
Finally, it can be offered TAI practices should be extended so that they involve not only prospective
teachers but also students. Because, alternative ideas about the basic astronomy concepts can be best
redirected by giving the students experiences in using technology and in making observations. The use
of technology, especially telescope that students can use and get a proper perspective would be of most
value in correcting the alternative concepts involved with the stars, planets and moon. Besides, these
practices reinforce the new understanding students acquire. In the study conducted by Saban and Celik
(2018), prospective teachers stated that mobile applications are useful in increasing class participation,
concretizing abstract subjects and increasing attitude towards the course. In this sense, the stated
results are in line with the current study. In addition, in the present study, programs that every student
can access and use easily from the internet were used. In this sense, students can be encouraged to use
these programs in daily life. Making new researches using these programs will also be important in
terms of reinforcing the education-technology link, since they will allow them to be used more in
education.
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Tiirkge Siirimui

Giris

Kiresellesen diinyada bilgiyi Gretenlerin ve etkili bir sekilde kullananlarin s6z sahibi olduklari bir
gercektir (Calik & Sezgin, 2005). Bilginin cesitli yollarla insanliga faydali olacak sekilde sunulmasinin
yaninda Uretilmesinde de temelde saglam bir altyapi egitimine ihtiya¢ duyulmaktadir (Yilmaz, 2011). Fen
egitimi de bunlardan biridir. Fen Bilimleri Dersi Ogretim Programi’nin vizyonunda, fen okuryazari
bireylerin fen bilimlerine iliskin temel bilgilere (Biyoloji, Fizik, Kimya, Yer, Gok ve Cevre Bilimleri, Saglk ve
Dogal Afetler) sahip olduklari belirtiimektedir (Milli Egitim Bakanhgi, 2013). Ayni dogrultuda bu bilgileri
kazandirmak da programinin amaglari ierisinde belirtiimektedir. Dersin yapisinda, belirtilen vizyonunun
gerceklestirilebilmesi igin dort konu alani (Canlilar ve Hayat, Madde ve Degisim, Fiziksel Olaylar ve Diinya
ve Evren) ile Beceri, Duyus, Fen-Teknoloji-Toplum-Cevre (FTTC) 6grenme alanlari belirlenmistir. Diinya
ve Evren konu alani igerisinde Diinya ve Evren’in Ozellikleri, yapisi ve meydana gelen degisimlerin
arastirilmasi, incelenmesi ve kesfedilmesine iliskin bilimsel bilgiler yer almaktadir. Ogrencilerin
astronomiye yonelik bilimsel bilgileri edinmesinde, bu konu alaninda yer alan bilgilerin hedeflenen
dogrultuda verilmesi 6nem tasimaktadir. Burada da birincil gorev bu dersi veren o6gretmenlere
dismektedir. Etkili 6grenmenin gerceklesebilmesi igin 6gretmenlerin ve 6§retmen adaylarinin konuyla
ilgili (bu calismada astronomi) bilgilerinin yeterli olmasinin yaninda 6grenme modelleri konusunda da
bilgi sahibi olmalari ve bunlari yaparken de teknolojiden 6nemli Olclide faydalanmalari ¢agin
gerekliliklerindendir. Ogretmenler &grencilere  bilgiyi en verimli aktarabilecekleri metodu
uygulamalidirlar (Can, 2006). Ogrenciler 6grenme ortamlarinin pasif alicilari degil, 6grenerek kendi
yasamlarina yon veren bireylerdir. Dinya, yildiz, evren gibi astronominin temel kavramlarinin
0gretiminde de bilginin dogrudan verilmesinden ziyade aktif 6grenme yoluyla kalici bilginin saglanacagi
soylenebilir. Bonwell ve Eison (1991) sinifta aktif 6grenmeyi saglamak icin bes 6grenme stratejisi
tanimlamaktadir. Bunlar: (I) Ogrenciler dinlemeden daha ¢ok derse katilirlar. (II) Bilginin iletilmesi daha
az vurgulanirken, 6grencinin becerilerini gelistirmek daha 6n plandadir. (lll) Ogrenciler (st diizey
diisinmeye (6rn: analiz, sentez, degerlendirme) dahil edilir. (IV) Ogrenciler etkinliklere (6rn: okuma,
tartisma, yazma) katilirlar. (V) Ogrencilerin kendi tutum ve degerlerinin ortaya cikarilmasi vurgulanir.
Mevcut calismada da belirtilen stratejiler gz onlinde bulundurularak o6grencilerin aktif 6grenmesi
dikkate alinmig, bu anlamda teknoloji destekli 6gretime odaklaniimistir. Clinkli anlasilmasi zor fen
kavramlarini (mevcut calismada astronomi kavramlari) daha anlasilir hale getirmede Ogrencilerin
o0grenmeye aktif katiliminin saglanmasi amaglandigindan teknoloji desteli 6gretim faydali bir yol
olacaktir. Isman, Baytekin, Balkan, Horzum ve Kiyici (2002) ¢alismasinda da 6grenme 6gretme sireci
icerisinde teknolojinin roliiniin biyik oldugu belirtilmektedir.

Astronomi konu ve kavramlarinin 6gretimine yonelik alan yazinda yapilmis ¢alismalar mevcuttur (6rn.
Aktamis & Arici, 2013; Okulu, 2012; Trumper, 2006; Trundle, Atwood & Chrsitopher, 2002). Aktamis ve
Arict (2013) tarafindan yapilan sanal gerceklik programlarinin astronomi konularinin 6gretiminde
kullanilmasinin akademik basari ve kaliciligina etkisi konulu g¢alismada, kontrol grubu icin dersler
projeksiyon yardimi ile fen laboratuvarinda islenirken; deney grubunda bilgisayar laboratuvarinda,
Celestia, Stellarium ve Solar Model programlariyla etkilesimli etkinliklerle, yapilandirmaci yaklasim ve
tahmin gozlem-aciklama stratejisinden yararlanilarak islenmistir. Sonugcta, sanal gerceklik programlari
kullanilarak yapilan 0Ogretimin 6grencilerin akademik basarilarini arttirmada daha etkili oldugu
belirlenmistir. Teknoloji destekli etkinlikler iceren uygulamalarin astronomi kavramlarinin 6gretimindeki
etkisinin incelendigi calismalar da alan yazinda yer almaktadir (6rn. Kiiglikozer, 2008; Kiglikozer,
Korkusuz, Kigikodzer & Ylrimezoglu, 2009). Kigikozer (2008) ve Kiglikozer ve digerleri (2009) yaptiklar
calismalarda 3D bilgisayar modellemesini kullanmislardir. Ancak, 6gretmen adaylarinin teleskop
kullanma ile ilgili bilgi ve becerileri ve bunlarin 6grenme ortamlarina nasil aktarilabilecegiyle ilgili bilgileri
Uzerine yeterli calismanin olmadigl dikkat ¢ekmektedir. Ayrica 6gretmen adaylarinin yetistiriimeleri
siirecinde, mevcut calismada esas alinan teknoloji destekli 6gretim uygulamalarini (6zelikle teknolojik
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pedagojik alan bilgisi cercevesini temel alan) kapsayan arastirmalarin yapilmadigi gorilmistir. Oysaki
astronomi 6gretiminde teknoloji kullanimi, sanal gergeklik programlari, zaman, siire veya konum
acisindan dogrudan gozlemlenemeyen olaylari gézlemleyebilme olanagi sunmaktadir (Furness, Winn &
Yu, 1997). Akilli tahta, telefonlarda yer alan astronomiye yonelik uygulamalar, teleskop vb. teknolojik
araglarin da bu tir kavramlarin (yildiz, glines, ay, gezegen vb.) Ogretimindeki etkisinin yadsinamaz
oldugu dustnitlmektedir. Akilli tahtalar son zamanlarda hemen hemen her egitim kurumunda yer
almakta, cep telefonlari her yastan bireyin vazgegilmezi olmakta ve teleskoplar da birgok ilde okul, bilim
merkezi vb. kurumlarda bulunmaktadir. Erisilmesi oldukga kolay olan bu teknolojilerin astronomi
kavramlarinin 6gretimindeki etkisinin nasil oldugunun incelenmesi ele alinmasi gereken bir problem
durumudur. Bu dogrultuda ¢alismanin amaci, Teknoloji Destekli Ogretim (TEDO) uygulamalariyla &gretim
goren fen bilgisi 0gretmen adaylarinin astronominin bazi temel kavramlar hakkindaki 6gretim
uygulamalarindan 6nceki ve sonraki distincelerini ortaya ¢ikarmaktir. Bu amag dogrultusunda asagidaki
sorulara cevap aranmistir:

1. TEDO uygulamalariyla 6gretim goren fen bilgisi 6gretmen adaylarinin astronominin bazi temel
kavramlari hakkindaki 6gretim uygulamalarindan énceki kavramsal anlamalari nasildir?

2. TEDO uygulamalariyla 6gretim géren fen bilgisi 6gretmen adaylarinin astronominin bazi temel
kavramlari hakkindaki 6gretim uygulamalarindan sonraki kavramsal anlamalari nasildir?

3. TEDO uygulamalariyla 6gretim géren fen bilgisi 6gretmen adaylarinin astronominin bazi temel
kavramlarina yonelik kavramsal anlamalari arasindaki degisim nasildir?

Yontem

Calismada nitel arastirma yaklasimi kullanilmis ve durum c¢alismasi temelinde arastirma
desenlenmistir. Durum galismasinda bir duruma iliskin etkenler (ortam, birey, olay vb.) butlincil olarak
ele alinir ve odak noktadaki durumu nasil etkiledikleri ayni zamanda ilgili durumdan nasil etkilendikleri
derinlemesine arastirihr (Yildirrm & Simsek, 2011). Bu calisma kapsaminda da fen bilgisi 6gretmen
adaylarinin TEDO ortami kullanilarak temel astronomi kavramlarina iliskin kavramsal bilgilerindeki
gelisim derinlemesine incelenmistir.

Calisma Grubu

Calisma grubu, 2015-2016 6gretim yili igerisinde Bati Karadeniz boélgesindeki bir tiniversitenin Egitim
Fakiltesi Fen Bilgisi Egitimi programinda son sinifta 6grenim gormekte olan toplam bes 6gretmen
adayindan olusmaktadir. Gorlisme yapilacak 6gretmen adaylarinin belirlenmesinde Bektasl (2013)
tarafindan gelistirilen Astronomi Kavram Testi kullanilmistir. Testte Diinya, Giines, Ay, yildiz, takimyildizi,
uzay gibi astronominin temel kavramlarina yénelik sorular yer almaktadir. Olgekteki sorular coktan
secmeli olup buna ek olarak her soru sonunda katiimcilarin cevaplarindan emin olup olmadigl
sorulmustur. Ogretmen adaylari bu soruya sadece evet ya da hayir olarak yanit vermislerdir. Burada asll
amag, daha sorasinda yapilacak olan goriismelerde durumu daha iyi sorgulamaktir. Olgek ilk olarak 24
madde olarak gelistirilmis, pilot calisma ve yapilan analizlerin ardindan 18 maddeye olacak sekilde son
hali verilmistir. Cronbach Alfa degeri ise 0.71 olarak hesaplanmistir. Bu baglamda, dénem basinda
arastirmacilar tarafindan goértisme yapilacak 6gretmen adaylarini belirlemek igin tim gruba (N=85)
Astronomi Kavram Testi uygulanmustir. ilgili testte dogru cevaplar bir puan, yanlis ve bos cevaplar sifir
puan olarak kodlanmis, bu anlamda alinabilecek en distk puan sifir, en yliksek puan 18 olarak
belirlenmistir. Belirlenen puan araligina gore katihmcilar Gg¢ gruba [duslk (0-5), orta (6-11), yuksek (12-
18)] ayrilmislardir. Olgekten 12 ve {istli puan alan 6gretmen adayi olmadigindan diisiik ve orta puan alan
o6gretmen adaylari arasindan rastgele segimler yapilarak toplam bes 6gretmen adayiyla goriismeler
yapilmistir. Gorlisme yapilan 6gretmen adaylarina ait bilgiler Tablo 1'de yer almaktadir. Bulgular
sirasinda bireylerin gercek isimleri gizli tutularak farkl isimlerle kodlanmistir. Belirlenen 6gretmen
adaylari calismaya goniilliik esasina gore dahil edilmistir. Ogretmen adaylarina “Sosyal ve Beseri Bilimler
Aydinlatilmis Onam Formu” imzalatilmis olup istedikleri takdirde calismadan ayrilabilecekleri
belirtilmistir. Ayrica katiimcilara ¢alismanin sonuglarinin bilimsel yayinlarda sunulacagi ifade edilmistir.
Bu tur durumlarda da kimliklerinin kesin olarak gizli tutulacagi sdylenmis ve onaylari alinmistir.
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Tablo 1.
Calisma Grubuna Ait Bilgiler
Ogretmen Adayi Cinsiyet Puan Seviye
Sema Kiz 5 Dusuk
Emre Erkek 1 Dislik
ilhan Erkek 6 Orta
Mige Kiz 6 Orta
Ecem Kiz 3 Dusuk
Uygulama

Calisma kapsaminda fen bilgisi 6gretmen adaylariyla bir ddnem boyunca Teknoloji Destekli Ogretim
(TEDO) uygulamalari gergeklestirilmistir. Yapilan uygulamaya ait sema asagida yer almaktadir.

Slayt, video, Stellarium,
simiilasyon, internet

., Skyvi
—= lyview
i BN The Nigth Sky = Tanitim
B Star Chart ) —= Kurulum
1N — o
= Sky Map : . i‘ * = Gozlem

Y
Kisimlan Kullzrim) b
= '/‘ T a—

Sekil 1. TEDO Uygulamasi.

Sekil 1’de yer alan uygulamalar incelendiginde bu calisma kapsaminda TEDQ’ye yiiklenen anlam
goriilmektedir. Buna gére 6gretmen adaylarinin TEDO ¢ergevesinde akilli tahta kullanimi, elektronik atlas
kullanimi, Whatsapp grubu olusturma, teleskop ve gok atlasi kullanimi etkinliklerini gerceklestirdikleri
gorulmektedir. Calisma kapsaminda akilli tahta kullanilarak, temel kavramlarin 6gretiminde slaytlar
tizerinden konu anlatimi, konuya iliskin video ve simiilasyon gosterimleri, internet tizerinden 6gretimin
saglanmasi (video, haberler vb. bilgilerin edinilmesi) ve Stellarium programi (bulunulan konumdan
yildizlarin, gezegenlerin vb. gok cisimlerinin gercekc¢i canlandirmalarla gorilebildigi bir program)
kullanilarak bulunulan konumun koordinatlari girilerek gok cisimlerinin ne zaman nerede olacaginin
tespit edilmesi seklinde bir uygulama gerceklestirilmistir. Bu sayede teleskopla yapilacak gozlemler igin
dn bir bilgi olusturulmustur. Ogretim uygulamalarina baslamadan énce olusturulan Whatsapp grubuyla
(6gretmen adaylarinin tamami ve arastirmacilarin bulundugu) dénem boyunca yer verilen konulara
yonelik soru cevap tartismalari ve bilgi alis verisi yapilmistir. Ayrica 6gretmen adaylari elektronik atlas
(Skyview, Skymap vb.) kullanimi sirasinda elde ettikleri gokyilizii gérintulerini de Whatsapp yoluyla
paylasarak fikir alis verisi saglamislardir. Her ne kadar uygulamalarin icerikleri benzer olsa da, burada
amag, hem 6gretmen adaylarinin telefonlarindaki isletim sistemlerine uygun uygulamayi edinmelerini
hem de farkli uygulama igeriklerini gormelerini ve bu teknolojik uygulamalari kullanma konusunda beceri
kazanmalarini saglamaktir.

Ogretmen adaylarina TUBITAK tarafindan hazirlanan “Gék Atlasi” etkinligi yaptirilmistir. Gok atlas,
basit bir ayarlamayla herhangi bir tarihte ve saatte gokylzinin genel gorinimini veren ve iki
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katmandan olusan bir gokylzi haritasidir (Akoglu, 2014). Yapilan etkinlik kapsaminda 6gretmen
adaylarina hangi giin, hangi saatte gokyizii nasil gériniiyor diye merak edildiginde ve ellerinde gokytizu
gozlemine iliskin programlar (Stellarium, Skyview vb.) olmadiginda gok atlasi kullanilarak gok kiire
tzerindeki gezegen, yildiz, takimyildiz vb. gok cisimlerini nasil bulunabilecegine iliskin bilgi verilip 6rnek
uygulamalari yaptinimistir. Ardindan 6gretmen adaylarina teleskop kullanim etkinlikleri yaptiriimis, bu
yolla teleskopun tanitimi, kullanimi ve gozlemler seklinde ¢ ana etkinlik belirlenmistir. Teleskopun
tanitimi kapsaminda ne oldugu, nasil icat edildigi ve kag¢ cesit olduguna dair bilgiler verilmistir. Daha
sonra ¢alisma kapsaminda kullanilan katadioptrik teleskopun (1) optik tiip ve bilesenleri ve (ll) tripod ve
bilesenleri olarak siniflandirilabilen kisimlari tanitilmistir. Tanitim sirasinda her bir parga tek tek teleskop
Uzerinde hangi kisimlara nasil yerlestirildigi ve islevlerinin neler oldugu detayl bir sekilde gosterilerek
kurulumu anlatilmistir. Teleskopa iliskin bilgilerin yeterli oldugu anlasildiktan sonra 6gretmen adaylari Gg
hafta boyunca 21:00-23:00 arasi saatlerde gozlemler yapmistir. Bu siirecte adaylar Ay ve evreleri,
Jipiter, yildiz ve takimyildizi gézlemleri yapmislardir.

Veri Toplama Araglari

Calismada, arastirmacilar tarafindan 6nceden hazirlanmis gérisme formundaki sorular (bkz. Ek-1)
kullanilarak 6gretmen adaylariyla yari yapilandiriimig gériismeler gergeklestirilmistir. Bu tiir gérismeler,
yapilandiriimis goriismelerden daha esnek olup, arastirmacinin goérisme formuna bagh kalmasinin
yaninda gorismenin akisina bagh olarak farkli alt sorulara da yer vermesine olanak tanir (TrnGklQ,
2000). Boylelikle gorisme yapilan kisiden daha ayrintili bilgiler elde edinilmesi saglanir.

Gorusme sorulari hazirlanirken Astronomi Kavram Testi dikkate alinmis ve 6gretmen adaylarinin
astronominin bazi temel kavramlarina yonelik disiincelerini ortaya cikarici sorulara yer verilmistir.
Sorularin yeterliligi konu alaninda ¢alismalari olan 6gretim Uyelerine teyit ettirildikten sonra en son
halini almistir. Calisma kapsaminda yapilan gérismeler 20-30 dakika arasinda strmustir. Gorlismeler
sirasinda katilimcilarin izin alinarak ses kayit cihazi ile kayit yapilarak gériisme verilerinde veri kaybinin
onine gecilmeye calisiimistir.

Verilerin Analizi

Gorismelerden elde edilen verilerin analizinde ilk olarak transkriptleri yapilmis ve yazili metin haline
getirilmistir. Tim gorismeler okunduktan sonra verilerin degerlendirilmesinde icerik analizi
kullanilmistir. igerik analizinde elde edilen veriler incelenir, birbirine benzer olanlar kavram ve temalar
olusturularak bir araya getirilir, anlasilir bir sekilde diizenlenir ve yorumlanir (Yildirrm & Simsek, 2011).

Verilerin gegerliliginin saglanmasi igin, g farkh arastirmaci tarafindan éncelikle bagimsiz olarak ayri
ayri analizler yapilmis, ardindan bir araya gelinerek farkh kodlamalar tartisiimis ve gerekli diizenlemeler
yapilmistir. Ogretmen adaylarinin vermis olduklari yanitlar yorum katilmadan ayrintili bir sekilde bulgular
kisminda sunulmustur. Bu durum calismanin i¢ glvenirligini arttirici bir etkiye sahiptir. Ayrica ¢alisma
grubunun ozellikleri agiklanarak, grubun se¢imi detayli olarak belirtilerek ve uygulama siireci anlatilarak
¢alismanin dis gegerligi saglanmistir.

Bulgular

Bu bolimde, arastirmada kullanilan nitel veri toplama araci gériisme sorularina iliskin segilen toplam
alti 6grencinin, 0Ogretim uygulamasindan ©nce ve 06gretim uygulamasindan sonra yapilan yari
yapilandiriimis gértismelerden elde edilen bulgulari yer almaktadir. Yildiz, gezegen, Glines ve Ay olarak
siniflandirilan bashklar altinda olusturulan temalara iliskin bulgulara tablolar halinde ayri ayri yer
verilmistir. Ayrica bulgular dgretmen adaylarinin gérisleriyle desteklenmistir. Ogretmen adaylariyla
yildiz kavramina iliskin yapilan gériismelerden elde edilen bulgular Tablo 2’de yer almaktadir.
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Tema

Kod

On
goriisme
f

Son
goriisme
f

Yildizin tanimi

Isik kaynagidir.

Isi kaynagidir.

Parlakhk veren gok cismidir.
Dinya’yir aydinlatan gok cismidir.
Gezegen haricindeki gok cisimleridir.

Gunes’in etkisiyle karanlkta gozlemleyebildigimiz cisimlerdir.

Gaz ve toz bulutlarindan olusan cisim.

N

N e

4
2
1

Yildizin sekli

Besgen

Nokta nokta daginik
Belirli bir sekli yoktur.
Kiresel

[N )

Yildizin 6zellikleri

Boyutlari ¢ok buyiktir.
Katidir.

Gazdir.

Isik verir./Isik kaynagi.

Isi verir./Isi kaynagi.
Hareketlidir.

Cok uzaktadir.

Sicakhklari vardir.

Katlesi vardir.

Yanip sénerler./Titresir gérinr.
Gunduzleri gérilemez.
Klresel sekle sahiptir.
Renkleri farkhdir.

Donerler.

Isik glicleri farkhdir (1sinim)
Belirli yagsam dénemleri var.
Nebula seklinde olusur.
ilkel yildiz olarak baslar.

Kutlelerine bagh olarak 6liim sekilleri degisir.

Konumlari degismez.
Canh degillerdir.

PR RPRRPRREPNRPRWRRR

NN

R N =

R PR RPRRPWRLRRERRLRN.

Ornek yildiz ismi

Glines

Kutup yildizi
Kuyruklu yildiz
Takimyildizi
Samanyolu
Bulylikayi
Kigukayi
Sirius

Takim
yildizi
tanimi

Bir arada bulunan yildizlardir.

Sabit olmayip her gece yerleri degisen yildizlardir.

Birlikte hareket eden yildizlardir.
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Yildiz gesididir. 1

Yildiz toplulugudur. - 1

A, b, c yildizlarini bulunduran yildizlardir. - 1

Dinya’dan bakildiginda toplu halde bulunan yildiz topluluklaridir. ) 1

£ Yildiz degildir. 2 5

5 S Icinde diger cisimlerinde oldugu bir gkadadir. 1 -

58 Goktasi/meteordur. 2 -
> N . .

2T Soénerken arkasinda iz birakan yildizdir. 1 -

> Buzul kuyruk kisminin eriyerek isik sagip yildiz gibi gdrindugu cisim. - 4

Tablo 2 incelendiginde, 6gretmen adaylarinin yildiz kavramina iliskin gorislerinin yildizin tanimi, sekli,
ozellikleri, 6rnek yildiz ismi, takimyildizi tanimi ve kuyruklu yildiz tanimi olmak {izere alti temada
toplandig goriilmektedir. Yildizin tanimi temasina yonelik olarak 6gretmen adaylarinin 6n goériismedeki
ifadeleri; 151k kaynagidir (f=2), parlaklik veren gok cismidir (f=1), Diinya’yr aydinlatan gok cismidir (f=1),
gezegen haricindeki gok cisimleridir (f=1), Glines’in etkisiyle karanlikta gézlemleyebildigimiz cisimlerdir
(f=1) seklindeki kodlardan olusmaktadir. Yildizin tanimina iliskin son gorlismedeyse 6gretmen adaylarinin
yildizin 151k kaynagi oldugu (f=4) gérisinde yogunlastiklari gorilmektedir. Sema yildizin 1sik kaynagi
olmasinin yaninda toz ve gaz bulutlarindan olustugunu belirtmis, Emre ve ilhan yildizlarin hem 151k hem
Ist kaynagi oldugunu ifade etmigslerdir. Yildizin sekli temasina ydnelik olarak 6én goériismede 6gretmen
adaylari besgen (f=3), nokta nokta daginik (f=1), belirli bir sekli yok (f=1) seklinde farkli fikirlere sahipken,
son gorismede hepsi (n=5) yildizlarin seklinin kiiresel oldugunu belirttikleri goriilmektedir.

Yildizin sekli temasina bakildiginda (bkz. Tablo 2), 6gretmen adaylarinin goruslerinin farkh kodlarda
toplandigi gérilmektedir. Bu tema; boyutlari cok bayuktir (f=1), katidir (f=1), gazdir (f=1), 1sik verir/isik
kaynagi (f=3), 1si verir/isi kaynag (f=1), hareketlidir (f=2), ¢cok uzaktadir (f=1), sicakliklari vardir (f=1),
kitlesi vardir (f=1), yanip sonerler/titresir goérunir (f=1), gindlzleri goriulemez (f=1) alt gruplarda
toplanmistir. Son goérismede de 6gretmen adaylari benzer sekilde yildizlarin isik verir/isik kaynag (f=2),
1st verir/ist kaynagi (f=2), ¢ok uzaktadir (f=1), sicakhklari vardir (f=1), kitlesi vardir (f=1), yanip
sonerler/titresir gorinir (f=2) goéruslerinin yaninda, kiresel sekle sahiptir (f=2), renkleri farkhdir (f=1),
donerler (f=1), 151k gligleri farkhdir (1sinim) (f=1), belirli yasam dénemleri var (f=3), nebula seklinde olusur
(f=1), ilkel yildiz olarak baslar (f=1), kitlelerine bagh olarak 6lim sekilleri degisir (f=1), konumlari
degismez (f=1), canl degillerdir (f=1) seklinde yildizlarin 6zelliklerini belirtmislerdir. Tablo 2’den 6rnek
yildiz ismi temasina bakildiginda 6gretmen adaylarinin 6n gorismedeki kodlarinin Glnes (f=2), kutup
yildizi (f=3), kuyruklu yildiz (f=3), takimyildizi (f=1), samanyolu (f=1), blylkay! (f=1) ve kiigikay (f=1)
isimlerinden olustugu gorilmektedir. Ogretmen adaylari 6n gériismede vyildiz isimlerinin yaninda
takimyildiz ve gokada isimlerini de yildiz ismi olarak 6ne siirdlkleri anlasiimaktadir. Son gériismedeyse
O0gretmen adaylarinin tamami Gines’i bir yildiz ismi olarak belirtmistir. Ayrica Emre Giineg’le birlikte
Sirius’u da 6rnek yildiz ismi olarak belirtmistir.

Tablo 2’ye bakildiginda 6n goriisme icin takimyildizi tanimi temasinin bir arada bulunan yildizlardir
(f=2), sabit olmayip her gece yerleri degisen yildizlardir (f=1), birlikte hareket eden yildizlardir (f=1), yildiz
cesididir (f=1) alt gruplarinda toplandigi gériilmektedir. Son gériismedeyse bu tema bir arada bulunan
yildizlardir (f=2), yildiz toplulugudur (f=1), a, b, c yildizlarini bulunduran yildizlardir (f=1), Diinya’dan
bakildiginda toplu halde bulunan yildiz topluluklaridir (f=1) alt gruplarindan olusmaktadir. Kuyruklu yildiz
tanimi icinse 6n goriismede 6gretmen adaylari yildiz degildir (f=2), icinde diger cisimlerinde oldugu bir
gokadadir (f=1), goktasi/meteordur (f=2), sénerken arkasinda iz birakan yildizdir (f=1) seklinde goruslere
sahipken, son goériismede tamaminin (n=5) yildiz degildir gorisini belirttigi, bunun yaninda “Buzul
kuyruk kisminin eriyerek isik sacgip yildiz gibi gorindtgi cisim.” olarak kuyruklu yildizi tanimladiklar
anlasilmaktadir. Ayrica 6gretmen adaylarinin tamami kuyruklu yildizlarin {ic kisimdan olustugunu
belirtmis, buna dair Mige’yle yapilan 6n gorisme ve son gorismeden birer kesite Tablo 3’te yer
verilmistir.
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Tablo 3.

Ogretmen Adaylarindan Miige’nin Kuyruklu Yildiz Kavramina iliskin Gériisleri

On goriisme

Son goriisme

Arastirmaci: Kuyruklu yildiz nedir?

Miige: Ben kuyruklu yildiz altinda bir izdivag diye
bir kitap okumustum birinin kitabiydi 6devimdi
orada mesela Diinya'ya c¢arpacagl sdyleniyordu
ismi de Halley miydi Halleydi galiba.

Arastirmaci: Peki nedir kuyruklu yildiz?

Miige: Bir gok cismi de olabilir. Mesela bazen
Diinya’ya yaklasan bir meteor pargasi var, suraya
distli falan deniliyor, o da bir meteor pargasi
olabilir.

Arastirmaci: Kuyruklu yildiz bir meteor parcasidir
diyorsun, tamam.

Arastirmaci: Kuyruklu yildiz nedir?

Miige: Bir yildiz degildir. Glines’in etkisiyle kuyruk
kismi eridikce etrafa isik sagiyor.

Arastirmaci: Hihi.

Mige: Kuyruk, cekirdek bir de sag.. Dogru mu
soyledim...3 kisimdan olusur. Kuyruk eridikge
etrafa 1sik sagiyor gibi oldugu igin ona kuyruklu
yildiz deniliyor.

Tablo 3’e gore Miige 6n gorlismede deneyimlerine dayal olarak bir betimleme yapmaya ¢alismis,
kuyruklu yildizi meteor olarak tanimlamistir. Bu durum Mige’nin 6gretim siireci dncesinde alternatif
fikre sahip oldugunu gostermektedir. Son gorismedeyse kuyruklu yildizin bir yildiz olmadig belirten
Muge, lg¢ kissimdan olustugunu (kuyruk, cekirdek, sag) aciklamistir. Bu sekilde 6gretmen adayinin sahip
oldugu alternatif fikri dgretim siireci sonunda bilimsel olarak yapilandirdigi gériilmektedir. Ogretmen
adaylariyla Gilnes kavramina iliskin yapilan goérismelerden elde edilen bulgular Tablo 4’te yer

almaktadir.
Tablo 4.
Ogretmen Adaylarinin Giines Kavramina iliskin Gériisleri
On Son
Tema Kod goriisme  goriisme
f f
Isi ve 151k kaynagidir. 3 2
_ Enerji kaynagimizdir. - 1
£ En buylk enerji kaynagidir. 3 -
§ Bitiin gezegenleri olusturur. 1 -
£ Gezegenlerin merkezidir. 1 -
02' Yildizdir. - 1
e PUnya’ya en yakin yildizdir. - 1
Icerisinde nikleer olaylar gergeklesir. - 1
Glnduz gozlemleyebildigimiz tek yildiz. - 1
X g g Yildiz. 4 5
(I~ Bilmiyorum. 1 -
Hidrojen ve helyumdan olusur. 1 -
Dis sicakhgi ve i¢ sicakhgi farklidir. 1 -
s En biyik gok cismidir. 1 -
= Isisi oldukga yiksektir. 1 -
?N) Diger yildizlardan daha yogundur. 1 -
’g Gaz kiitlesidir. 1 1
S Elips seklindedir. 1 -
§ Cok biiytiktiir. 1 -
(- Ist ve 151k kaynagidir. - 4
Yasam donemleri vardir. - 1
Diinya’ya en yakin yildizdir. - 2
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Sari-turuncu renktedir. - 2
Orta sicakhiktadir. - 2
1
Kareseldir. -
c '% = Dolanir. 2 2
T =0 0
e <3
SE% & Dolanmaz. 3 3
(U] - <
()]
c '% = Déner. 1 -
= ©
- -c w
w5 Donmez 4 5
3 A 0 © .
(G e =
()]
£ ®F
un T X ..
STE Dénmez. 5 5
s LE
(]

Tablo 4 incelendiginde, 6gretmen adaylarinin Giines kavramina iliskin gorislerinin Glines’in tanimi,
gok cismi tirl, Glnes’'in ozellikleri, Gines’in kendi etrafindaki hareketi, Glines’in Diinya etrafindaki
hareketi, Gunes’in Ay etrafindaki hareketi olmak tzere alti temada toplandigi gérilmektedir. Glines’in
tanimi temasi 6n gorismede 1si ve stk kaynagidir (f=3), en buyilk enerji kaynagidir (f=3), bitin
gezegenleri olusturur (f=1), gezegenlerin merkezidir (f=1) alt gruplarindan olusurken, son gérismede isi
ve 1sik kaynagidir (f=2), enerji kaynagimizdir (f=1), yildizdir (f=1), Dlnya’ya en yakin yildizdir (f=1),
icerisinde niikleer olaylar gerceklesir (f=1), glindliz gbzlemleyebildigimiz tek yildiz (f=1) alt gruplarinda
toplanmistir. Gok cismi tiri temasina bakildiginda (bkz. Tablo 4), 6n gériismede dort 6gretmen adayinin
yildiz goristine sahip oldugu, bir tanesinin bilmedigini ifade ettigi gortilmektedir. Son gériismedeyse
O6gretmen adaylarinin tamami (n=5) Glines’'in gok cismi tUri olarak yildiz oldugunu belirttikleri
anlasiimaktadir. Glineg’in 6zellikleri temasina yonelik 6gretmen adaylarinin 6n gériismedeki géruslerinin
hidrojen ve helyumdan olusur (f=1), dis sicakhigi ve ig sicaklig farklidir (f=1), en biyuk gok cismidir (f=1),
1sisi oldukga ytksektir (f=1), diger yildizlardan daha yogundur (f=1), gaz kutlesidir (f=1), elips seklindedir
(f=1), cok bayiktir (f=1) seklinde oldugu gorilirken son goérismede gaz kitlesidir (f=1) gérisinin
yaninda, 1si ve 1sik kaynagidir (f=4), yasam dénemleri vardir (f=1), Diinya’ya en yakin yildizdir (f=2), sari-
turuncu renktedir (f=2), orta sicakliktadir (f=2), kiireseldir goruslerinin ortaya ¢iktigi anlasilmaktadir.

Glines’in hareketlerine yonelik (¢ tema ayr ayri incelendiginde (bkz. Tablo 4), Glnes’in kendi
etrafindaki hareketi temasi 6n gorismede ve son gorismede dolanir (f=2) ve dolanmaz (f=2) alt
gruplarinda; Gunes’in Dinya etrafindaki hareketi 6n gorismede doner (f=1) ve donmez (f=4); son
goriismede sadece donmez (f=5) alt gruplarinda; Glunes’in Ay etrafindaki hareketi temasi da 6n gorisme
ve son gorismede dénmez (f=5) olarak tek alt grupta toplandigi anlasiimaktadir. Tablo 5’te Sema ile
yapilan goriismelerden birer kesit yer almaktadir.

Tablo 5.
Ogretmen Adaylarindan Sema’nin Giines’in Hareketine Yénelik Gériisleri

On goriisme Son goriisme

Aragstirmaci: Gilines'in hareketinden bahsedecek Arastirmaci: Gines’in kendi ekseni etrafinda bir
olursak Giines'in kendi etrafinda hareketi var hareketi var midir?

midir? Sema: Var. Mesela bunu 6grendim.

Sema: Glines hareket etmez. Arastirmaci: Bilmiyordun. Ogrendin.

Arastirmaci: Gunes Diinya etrafinda hareket eder Sema: Ben sabit saniyordum.

mi? Arastirmaci: Peki Glines’in Dinya etrafinda bir
Sema: Diinya onun etrafinda doéner. hareketi var midir?
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Arastirmaci: Guneg Ay’in etrafinda hareket eder

mi?
Sema: Yok, hayir.

Arastirmaci: Gines sabit midir o zaman?
Sema: Glines sabit etrafinda Diinya déniyor.

Sema: Yok. Diinya Glineg’in etrafinda dénuyor.

Arastirmaci: Ay’in etrafinda var midir?
Sema: Ay’in etrafinda donmiyor. Ay da Gunegs'in

etrafinda dontiyor. Ayla Dinya birlikte Glines'in
etrafinda doniyor.

Tablo 5’e gore, Sema 6n gorlismede Glines’in hareketlerinden kendi ekseni etrafinda dolanmadigini,
Dinya ve Ay'In etrafinda da donmedigini belirtmistir. Son goriismedeyse 6gretmen adaylr on
gorismedeki Glineg’in kendi ekseni etrafinda hareketinin olmadigina dair alternatif fikrini bilimsel bilgiye
donisturdugl, diger iki bilimsel ifadesini de (Glnes Diinya etrafinda doénmez, Gilines Ay etrafinda
dénmez) devam ettirdigi goériilmektedir. Ayrica Sema’nin “Bilmiyordum. Ogrendim.” seklindeki ifadeleri
ve sorulara verdigi aciklayici cevaplar da (Ay’in etrafinda dénmiiyor. Ay da Giines’in etrafinda déniiyor.
Ayla Diinya birlikte Giines’in etrafinda déniiyor.) dikkat cekmektedir. Ogretmen adaylariyla gezegen

kavramina iliskin yapilan gériismelerden elde edilen bulgular Tablo 6’da yer almaktadir.

Tablo 6.

Ogretmen Adaylarinin Gezegen Kavramina lliskin Gériisleri

Tema Kod On goriisme Son goriisme
f f
Sayisi / 2 i
8 3 5
Gaz olan-Gaz olmayan 1 -
Blyuk-Kaguk 1 -
Uydusu olan-Uydusu olmayan 1 -
Siniflandirma Ya§am olan-Yasam olmayan 1 -
Ic gezegen-Dis gezegen 1 2
Sicak gezegen-Soguk gezegen 1 -
Kaya gezegen-Gaz gezegen - 2
Kati gezegen-Gaz gezegen - 1
Diinya’nin kendi
etraflr:’daki hareketi Dolanir. > >
Diinya’nin Giines ..
etrafindaki hareketi Doner. >
Diinya’nin Ay Doner. 1 -
etrafindaki hareketi Donmez. 4 5
Glnes 1 4
Kuyruklu yildiz 1 -
Kutup yildizi 1
Diinya’ya en yakin yildiz  Merkir 1 -
Toplu halde bulunan yildizlar 1 -
Kayan yildizlar 1 -
Sirius - 1
Dilinya’nin Glines etrafindaki dontsa. 5 5
Mevsimlerin olusum Eksen egikligi 1 4
neden(ler)i Dinya’ya Gunes isinlarinin dik ya da 1 i

belirli bir agiyla gelmesi.

Tablo 6’ya bakildiginda, Ogretmen adaylarinin gezegen kavramina iliskin gorUslerinin sayisi,
siniflandirma, Diinya’nin kendi etrafindaki hareketi, Diinya’nin Glines etrafindaki hareketi, Diinya’nin Ay
etrafindaki hareketi, Diinya’ya en yakin yildiz ve mevsimlerin olusum neden(ler)i olmak tzere toplam
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yedi temada toplandigi belirtiimektedir. Glines sisteminde yer alan gezegenlerin sayisina yonelik olarak
belirtilen sayisi temasi icin 6gretmen adaylari 6n goriismede 7 (f=2) ve 8 (f=3) olarak goéris belirtirken
son goriismede 0gretmen adaylarinin tamami 8 gezegenin bulundugunu ifade etmislerdir. Gezegenlerin
kendi iclerinde siniflandirtlip siniflandirilmadigina yoénelik gorislerin belirtildigi siniflandirma temasi 6n
gorismede Gaz olan-Gaz olmayan (f=1), Buyuk-Kiglk (f=1), Uydusu olan-Uydusu olmayan (f=1), Yasam
olan-Yasam olmayan (f=1), i¢c gezegen-Dis gezegen (f=1), Sicak gezegen-Soguk gezegen (f=1) alt
gruplarinda toplanirken, son gériismede I¢ gezegen-Dis gezegenin yaninda (f=2), Kaya gezegen-Gaz
gezegen (f=2) ve Kati gezegen-Gaz gezegen (f=1) alt gruplarinda toplanmistir.

Dunya’nin hareketlerine yonelik tGg¢ tema ayri ayri incelendiginde (bkz. Tablo 6), Diinya’nin kendi
etrafindaki hareketi temasi 6n gérismede ve son gérismede dolanir (f=5) alt grubunda; Diinya’nin
Gunes etrafindaki hareketi 6n gorismede ve son gorismede doner (f=5) alt grubunda; Diinya’nin Ay
etrafindaki hareketi temasi 6n gériismede doner (f=1) ve dénmez (f=4), son goriismede sadece donmez
(f=5) olarak tek alt grupta toplandigi gorilmektedir. Diinya’ya en yakin yildiz olarak 6gretmen adaylari
on gorismede Glnes (f=1), kuyruklu yildiz (f=1), kutup yildizi (f=1), Merkir (f=1), toplu halde bulunan
yildizlar (f=1) ve kayan yildizlar (f=1) seklinde goérusler belirtirken son goriismede dort 6gretmen adayi
Giines ve bir dgretmen adayi da Sirius’u séylemistir. On gériismede Merkiir'ii Diinya’ya en yakin yildiz
olarak belirten Sema, son gériismede bu alternatif fikrini degistirerek Glneg’in Diinya’ya en yakin yildiz
oldugunu ifade etmistir. Belirtilen ifadeye iliskin Sema’yla yapilan gorlismeden kesit Tablo 7’de yer
almaktadir.

Tablo 7.
Ogretmen Adaylarindan Sema’nin Diinya’ya En Yakin Yildiza Yénelik Gériisleri

On goriisme

Son goriisme

Arastirmaci: Diinya’ya en yakin yildiz hangisidir?
Sema: [dislinliyor] Ben oyle bir sey duymadim
ama eger Merklr'a yildiz olarak kabul edersek,
Dunya’ya en yakin gezegen Merkir, Merkir bir
yildiz midir... iste bir karar veremedim, ben sanki
gezegenleri yildiz diye biliyorum. Hani yildiz olmasi
icin illa beyaz olmasi gerekmiyor sonugcta
gokyuziinde gordigumiz her sey yildiz degil
aslinda... O yizden ben Merkir diyorum, bence
gezegenler de birer yildiz

Arastirmaci: Gezegenler birer yildiz bize de en
yakin yildiz o zaman Merkdr’dir diyorsun?

Sema: Evet.

Arastirmaci: Peki, Diinya’ya en
hangisidir Sema?

Sema: [dilslniyor] Biz simdi gezegenleri yildiz
olarak alamiyoruz ama hocam Venus'lin diger adi
seydi ¢oban yildiziydi ama biz onu yildiz olarak
aliyor muyuz...

Arastirmaci: Bilmem.

Sema: Eger aliyorsak Venls'tir ama Venis'te
simdi yildiz degil. O olmaz. [dislinliyor] Dinya’ya
en yakin yildiz... Ya bunu biliyordum... Glines mi
yoksa... Evet Glines.

Arastirmaci: Tamam.

yakin yildiz

Son olarak mevsimlerin olusum neden(ler)i temasinin 6n gorismede Dinya’nin Gines etrafindaki

sy

donisu (f=5), eksen egikligi (f=1) ve Diinya’ya Gines isinlarinin dik ya da belirli bir agiyla gelmesi (f=1) alt

gruplarinda toplandigi, son gériismedeyse Diinya’nin Glines etrafindaki doniisi (f=5) ve eksen egikligi

(f=4) alt gruplarinda toplandigi gériilmektedir. Ogretmen adaylariyla Ay kavramina iliskin yapilan
gorismelerden elde edilen bulgular Tablo 8’de yer almaktadir.

Tablo 8.

Ogretmen Adaylarinin Ay Kavramina lliskin Gériisleri

Tema Kod On goriisme Son goériisme

f f

Uydu 3 5

Gok cismi tiirii Yildiz 1 -
Bilmiyorum 1 -

Isik kaynagi 2 -

Ay’in Ozellikleri Enerjisini GUnes’ten alir 1 -
Dinya’nin uydusu 2 -
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Diinya’dan kiguk

Evreleri var

Isi yayar

Isik kaynagi degil

Dinya’dan hep ayni ylizii gérinir
Glnes'ten aldigl 15181 yansitir.

Uzerinde meteor gukurlari, kraterler var
Topragimsi yapiya sahip

Diinya’ya gelen meteorlari engeller

N 1

Ay’in kendi
etrafindaki hareketi

Dolanir.

Dolanmaz.

(€, [ [ Sy TR T

Ay’In Giineg
etrafindaki hareketi

Doner.

Dénmez.

Ay’in Diinya
etrafindaki hareketi

Doner.

Donmez.

D

Ay’In evrelerinin
sebebi

Ay’in Glnes etrafindaki hareketi

Dinya’nin Glnes etrafindaki hareketi

Ay’in Gunes'ten aldigi 151k

Diinya’nin Ay’1 golgelemesi

Gilineg’in Ay’1 gblgelemesi
Ay-Glines-Diinya’nin birbirine gére konumu
Ay’in Dlinya etrafindaki hareketi

Ay’'in Glnes etrafinda donerken Dinya’dan
goérunima

RPN R R Rk

= NN

Ay’In evrelerinin
ismi

Yeniay
Dolunay
Hilal
ilkdérdiin
Sondordiin
Yarim ay

Siskin ay

= W whk ouu

(O, IO G, R, B0,

Ay tutulmasi
sirasinda Giines-
Diinya-Ay konumu

Gilnes-Dinya-Ay
Dinya-Gunes-Ay
Dlnya-Ay-Gunes
Ay-Glines-Diinya

R W

BN

Giines tutulmasi
sirasinda Giines-
Diinya-Ay konumu

Glnes-Dinya-Ay
Ay-Glines-Dilinya
Gulnes-Ay-Dinya
Dlnya-Gunes-Ay
Ay-Dinya-Gunes

[ =N N

SO 1

[EnY

Gelgit tanimi

Denizin kiylya vurmasi

Sularin alttan ylizeye ters hareketi

Okyanus sularinin yikselip algalmasi/sularin
cekilmesi

Dinya’dan Ay ve Gineg’in  gorinme
surelerinden arta kalan alti saat.

Denizin gelip gitmesi

N R

Gelgite neden olan

Ay
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gok cismi Gunes 1 1
Glineg’ten kopan pargalar 1 -

Tablo 8’e bakildiginda, 6gretmen adaylarinin Ay kavramina iliskin goruglerinin gok cismi tirl, Ay’in
ozellikleri, Ay'in kendi etrafindaki hareketi, Ay’in Glines etrafindaki hareketi, Ay’in Dinya etrafindaki
hareketi, Ay’in evrelerinin sebebi, Ay tutulmasi sirasinda Gines-Diinya-Ay konumu, Giines tutulmasi
sirasinda Glines-Diinya-Ay konumu, gelgit tanimi ve gelgite neden olan gok cismi olmak (izere toplam on
bir temada toplandigi belirtilmektedir. G6k cismi tuirli temasina bakildiginda, 6n gorlismede lic 6gretmen
adayinin uydu gorlstine sahip oldugu, bir tanesinin yildiz, bir tanesinin de bilmedigini ifade ettigi
goriilmektedir. Son goérismedeyse 6gretmen adaylarinin tamami (n=5) Ay’in gok cismi tiirii olarak uydu
oldugunu belirttikleri anlagiimaktadir. Tablo 9’da, Emre kod adli 6grenciyle yapilan gériismelerden birer
kesit yer almaktadir. Emre 6n gériismede Ay’in bir yildiz oldugunu belirtmis ve sebebi olarak isik kaynagi
oldugunu ifade etmistir. Son gorismedeyse yildiz olarak belirttigi alternatif fikrini bilimsel bilgiye
donistiirerek Ay’in bir uydu oldugunu agiklamistir.

Tablo 9.
Ogretmen Adaylarindan Emre’nin Ay Kavramina iliskin Gériisleri
On goriisme Son goriisme
Arastirmaci: Ay ne tir bir gék cismidir? Arastirmaci: Ay ne tur bir gok cismidir?
Emre: Gezegen olsa gezegen degil... Yildiz. Emre: Ay Diinya’nin uydusu.
Arastirmaci: Ay vyildiz midir? Yildizsa neden Arastirmaci: Uydudur. Neden uydudur?
yildizdir? Emre: Isik kaynagi degil, gezegen degil, yani uydu.
Emre: O da bir isik kaynagi. Arastirmaci: Isik kaynagl degilse biz Ayt nasil
Arastirmaci: O da bir isik kaynagidir diyorsun. goriyoruz?

Emre: Gines'ten aldigi 15181 yansitiyor. Biz onu o
ylzden parlak goriyoruz.

Arastirmaci: O ylizden parlak goriyoruz diyorsun,
peki.

Tablo 8'de Ay’'in Ozellikleri temasina bakildiginda, 6n gorismede 1sik kaynagl (f=2), enerjisini
Gunes’ten alir (f=1), Dinya’nin uydusu (f=2), Diinya’dan kiiclk (f=1), evreleri var (f=1) ve isiyayar (f=1) alt
gruplarinda toplandigi, son goriismede evreleri vardir (f=2) gorisiinin yaninda i1sik kaynag degil (f=4),
Dunya’dan hep ayni ylzi gorunir (f=1), Glnes’ten aldigi 15181 yansitir (f=1), Gzerinde meteor gukurlari,
kraterler var (f=1), topragimsi yapiya sahip (f=1), Diinya’ya gelen meteorlari engeller (f=1) alt gruplarinin
yer aldig gériilmektedir. Ay’in hareketlerine yonelik UGg¢ tema ayri ayri incelendiginde (bkz. Tablo 8), Ay’in
kendi etrafindaki hareketi temasi 6n gériismede dolanir (f=3) ve dolanmaz (f=2), son gériismede dolanir
(f=5) alt gruplarinda; Ay’in Giines etrafindaki hareketi 6n gérismede doner (f=2) ve donmez (f=3); son
gorismede sadece doner (f=5) alt gruplarinda; Ay’in Diinya etrafindaki hareketi temasi da 6n goriisme
doner (f=4) ve donmez (f=1), son gorismede sadece doner (f=5) olarak tek alt grupta toplandig
anlasiimaktadir.

Ay’'in evrelerinin sebebi temasina bakildiginda (bkz. Tablo 8), 6n gériismede 6gretmen adaylarinin
Ay’'in Glnes etrafindaki hareketi (f=1), Dinya’nin Giines etrafindaki hareketi (f=1), Ay’in Glines’ten aldig|
1sik (f=1), Dinya’nin Ay’i golgelemesi (f=2) ve Glnes’in Ay’i gblgelemesi (f=1) seklinde gorislere sahip
oldugu, son goriismede ise bu dislincelerden farkl olarak Ay-Glines-Diinya’nin birbirine gére konumu
(f=2), Ay’in Dinya etrafindaki hareketi (f=2) ve Ay’in Glines etrafinda donerken Dlnya’dan gorinimi
(f=1) fikirlerini dne sirdiikleri gérilmektedir. Ogretmen adaylari Ay’in evrelerinin isimleri icinse 6n ve
son goérismelerde yeniay ve dolunay isimlerinin her ikisini de belirtirken hilal, ilkdérdiin ve sondordiin
isimlerinin bazilari 6n gorismede soylenmistir. Ancak son gorlismede Ay’in evrelerinin isimlerinin
tamami belirtilmistir. Bunun yaninda bir kisi 6n gorlismede yarim ayi belirtirken iki kisi de son
gorismede siskin ayi evrelerden biri olarak ifade etmistir.
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Ogretmen adaylarina yoneltilen Ay tutulmasi ve Giines tutulmasi sorulariyla iliskili olarak belirlenen
temalara bakildiginda (bkz. Tablo 8) Ay tutulmasi sirasinda Giines-Diinya-Ay konumu temasi 6n
goriismede Gines-Dinya-Ay (f=3), Dinya-Glines-Ay (f=1), Dlnya-Ay-Glines )f=1) alt gruplarinda
toplanirken son goriismede Glnes-Diinya-Ay (f=4) ve Ay-Gines-Dilinya (f=1) alt gruplarinda toplanmistir.
Glnes tutulmasi sirasinda Glines-Diinya-Ay konumu temasiysa, 6n goriismede Gilines-Diinya-Ay (f=2),
Ay-Glnes-Diinya (f=1), Glnes-Ay-Diinya (f=1), Dlnya-Glines-Ay (f=1) alt gruplarinda, son gériismede
Glines-Ay-Dinya (f=4) ve Ay-Dlinya-Guines (f=1) alt gruplarinda toplanmistir.

Son olarak 6gretmen adaylarinin gelgite yonelik dislncelerinin sorgulandig soruya iligkin belirlenen
temalara bakildiginda (bkz. Tablo 8) gelgit tanimi temasinin 6n gérismede denizin kiylya vurmasi (f=1),
sularin alttan ylzeye ters hareketi (f=1), okyanus sularinin yikselip algalmasi/sularin ¢ekilmesi (f=2),
Dinya’dan Ay ve Giines’in goriinme sirelerinden arta kalan alti saat (f=1) alt gruplarinda toplandigi
gorilurken son gorismede okyanus sularinin yikselip algalmasi/sularin ¢ekilmesi gorisi hakimken
(n=4), bir 6gretmen adayinin da denizin gelip gitmesi olarak belirttigi anlasiimaktadir. Bunun yaninda
gelgite neden olan gok cismi temasinin da 6n goérismede Ay, Glines ve Glines'ten kopan pargalar alt
gruplarinda toplandigl, son gorismede 6gretmen adaylarinin tamaminin Ay fikrine sahip oldugu,
Sema’nin Ay’in yaninda Giines’in de gelgite sebep olan gok cismi oldugunu belirttigi gérilmistir.

Tartisma, Sonug ve Oneriler

Bu calismada TEDO uygulamalariyla égrenim goéren fen bilgisi gretmen adaylarinin astronominin
bazi temel kavramlari hakkindaki 6gretim uygulamalari 6ncesi ve sonrasi algilamalarini ortaya ¢ikarmak
amaglanmis ve elde edilen istatistiksel sonuglar, teknolojinin 6gretmen adaylarinin temel astronomi
kavramlari hakkinda sahip olduklari alternatif fikir sayisini azaltmada etkili bir ara¢ oldugunu
gostermistir. Arastirmanin birinci alt problemine yonelik olarak, 6gretmen adaylarinin yildiz kavramina
iliskin gorusleri yildizin tanimi, sekli, 6zellikleri, 6rnek yildiz ismi, takimyildizi tanimi ve kuyruklu yildiz
tanimi olmak lzere alti temada incelenmistir. Sonugta 6gretmen adaylarinin 6n gérismedeki fikirlerinin
bir cogunu son gorliismede degistirdigi, sahip olunan alternatif fikirlerde (6rn. Gezegen haricindeki gok
cisimleridir.; Besgen seklindedir.; Katidir.; Kuyruklu yildiz bir yildiz ismidir.; Takimyildizi bir arada bulunan
yildizlardir.; Kuyruklu yildiz géktasi/meteordur.) dnemli derecede azalma oldugu tespit edilmistir. ileride
ogretmenlik meslegini yapacak olan 06gretmen adaylarinin bu bilgileri bilimsel olarak dogru
dgrenmelerindeki 6nem yadsinamaz. Bu durumun &nemi, Tascan ve Unal (2013) calismasinda
gorilebilir. ilgili arastirmacilar fen bilgisi 6gretmenleri ve fen bilgisi 6gretmen adaylar ile yaptiklari
¢alismada astronomi kavramlari, Ay'in evreleri, tutulmalar, Glnes sistemi, yildizlar ve evrenin olusumu
gibi temel astronomi konularindaki bilgilerini karsilastirmayi amaglamiglardir. Elde edilen bulgular
1siginda, 6gretmen adaylarinin ¢ogu soruda 6gretmenlerden daha basarili olduklari goriilmistir. Mevcut
calisma sonucunda da 6gretmen adaylarinda belirlenen farklilik konuyu anlamli 6grenmelerinin ileride
onlara kazandiracagl 6nemi gostermektedir.

Ogretmen adaylarinin &n gériismede sahip oldugu belirgin alternatif fikirlerden biri yildizin seklinin
besgen olmasidir. Ogretmen adaylarinin giinliik hayattaki tecriibelerinden yola ¢ikarak Tiirk bayragindaki
yildiz figlirtinG gizmeleri bu durumun bir sebebi olarak belirtilebilir. Kurnaz (2012) tarafindan yedinci sinif
dgrencileriyle yapilan calismada da benzer sonuglara ulasiimistir. TEDO uygulamalari sonrasinda yapilan
son goriismelerde ise bu alternatif fikrin tamamen yok oldugu tespit edilmistir. Ogretmen adaylariyla
yaptlan TEDO uygulamalarindan akilli tahta kullanilarak yildiz, Giines, takimyildiz ve kuyruklu yildiz
kavramlarinin 6gretiminde slaytlar Gzerinden konu anlatimi ve belirtilen kavramlara iliskin video ve
similasyon gosterimlerinin yapilmasi, U¢ hafta siliresince yer verilen teleskop gozlemleri ve o6zellikle
adaylarin yildizi ve takimyildizini gézlemlemeleri kavramsal degisimlerinde biliyik rol oynamistir.
Ogretmen adaylarinin tamaminin yapilan son goriismede yildizlarin kiiresel sekle sahip oldugunu
belirtmesinin bunun bir sonucu oldugu séylenebilir. Teknoloji destekli egitimlerin yildiz gibi astronomi
kavramlarinin 6gretimindeki 6nemi farkli ¢calismalarda farkl teknolojik uygulamalarla da vurgulanmistir.
Gurbiz (2016) yaptigi calismada, fen bilgisi 6gretmen adaylarinin temel astronomi konularindaki kavram
vanilgilarini arastirmak ve egitim teknolojilerinin destekledigi mikro 6gretim yonteminin kavram
vanilgilarini diizeltmeye etkisini incelemeyi amaglamistir. Arastirmanin baslangicinda, ¢alismanin
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orneklemini olusturan 6gretmen adaylarinin temel astronomi konulart ile ilgili farkli kavram yanilgilarinin
oldugu tespit edilmis ve tespit edilen bu kavram yanilgilarinin arastirma sonunda mikro 6gretim
yontemiyle dizeldigi gérilmustir.

Ogretmen adaylarinin diger sahip olduklari dnemli alternatif fikirlerden biri de takimyildiz isminin
yildiza 6rnek gosterilmesi, ayrica Blylkayi, Kigikayi gibi takimyildizi isimlerinin de yildiza 6rnek olarak
farkh 6grenciler tarafindan verilmesidir. Bu durum 6gretmen adaylarinda su ana kadar literatiirde
karsilasilmayan farkl alternatif fikirlerin oldugunu goéstermektedir. Glnlik hayatta yapilan arastirma ve
sorgulamalar bireylerin 6grenmelerinde bliylik etkiye sahiptir. Fakat yalniz gézlemlere dayali olarak elde
edilen bilgiler her zaman bilimsel olarak dogru olmayabilir. Ogretmen adaylarinin sadece geceleri ¢iplak
go6zle yaptiklari gézlemlerine dayali olarak gok cisimlerine verdikleri isimler ve/veya onlari betimleme
sekilleri bilimsel olarak dogrulugu sorgulanmadigi siirece gelecek nesillere de bu sekilde aktarilacaktir.
Bu baglamda calisma kapsaminda yapilan 6gretim etkinliklerinin (6zellikle teleskop gozlemleri) etkisinin
bu durum igin olduk¢a 6nemli oldugu gorilmdistlr. Son goriismede 6gretmen adaylarinin tamaminin
Gunes'i yildiza 6rnek olarak gostermesi dikkat ¢eken bir sonugtur. Son goriismelerde ayrica bir 6gretmen
aday! Giines’in haricinde Sirius’u da &rnek olarak belirtmistir (bkz. Tablo 2). Bunun da TEDO uygulamalari
kapsaminda teleskopla gozlem siirecinde belirlenen referans vyildizlardan biri olarak 6grencilerin
zihinlerinde isminin yer edinmis olabilecegi diisiinilmektedir. O halde TEDO uygulamalar sirasinda
ozellikle de teleskopla gozlemlerde yapilan her asamanin (tanitim, kullanim ve gozlemler) bir 6gretim
oldugu ve bu asamalarin 6gretmen adaylarinin kavramsal degisimlerinde etkili oldugu soylenebilir.

Ogretmen adaylarinin Giines’e yonelik én goriismelerde bircok alternatif fikre sahip oldugu elde
edilen bir diger sonuctur (bkz. Tablo 4). Bu 6gretmen adaylarinin 6n gérismede belirttikleri Gines’in
tanimina yonelik “Butlin gezegenleri olusturur.”; Glines’in 6zelliklerine yonelik “En biiyiik gok cismidir.”;
“Diger yildizlardan daha yogundur.” ve Gines’in hareketlerine yonelik “Kendi etrafinda dolanmaz.”
ifadelerinden anlasiimaktadir. Benzer durum son sinif 6gretmen adaylariyla ¢alisma Unsal, Giines ve
Ergin (2001) calismasinda da mevcuttur. ilgili calismada &grencilerin temel astronomi konularinda
kullanilan bilimsel terimlere asina olmalarina ragmen tamamen yanls ve eksik bilgilere sahip olduklarini
gostermistir. Mevcut calismada son goriismede bu durumun degistigi goriilmis, 6gretmen adaylari daha
cok Gunes’in 1s1 ve 1sik kaynagi oldugu, yildiz oldugu, yasam dongulerinin oldugu vb. ozellikleri
vurgularken, Gines’in kendi ekseni etrafindaki hareketine yonelik disiincelerinde sahip kalmislardir.
TEDO uygulamalar sirasinda dgretmen adaylar akilli tahta kullanimiyla slayt, video ve simiilasyon
gorsellerinden vyararlanarak Gilnes kavramini 6grenmisler, gok atlasi ile Gilines'in dogus ve batis
saatlerine iligkin etkinlikler yapmiglar, bu sayede kavramsal anlamalarinda énemli degisimler olmustur.
Ayrica Whatsapp konusmalarinda da Giines’le ilgili olaylara (Glines tutulmasi vb.) yorumlar
getirmislerdir. Ogretmen adaylar teleskopla gézlemler sirasinda Giines gézlemi yapmamislar (Giines
filtresi olmadigindan), belirtilen uygulama saatlerinde (21:00-23:00) farkl yildizlari gézlemlemislerdir.
Her ne kadar yapilan etkinliklerin 6grencilerin zihinlerinde énemli yer edindigi, Glnes kavramina dair
bilimsel bilgi diizeyinde 6nemli asama kaydettikleri gorilse de, bireylerin alternatif fikirlerinin tamamini
gidermenin kolay bir slire¢ olmadigi disiinildiginde, Gilines’in hareketine yonelik bu alternatif fikrin
degismemesinin olasi bir sonug olabilecegi sdylenebilir. Benzer sekilde 6gretmen adaylari Dinya’nin
hareketlerinde de 6n ve son gorlismelerde benzer yanitlar vermisler, yalnizca bir 6gretmen adayi 6n
gorliismede “Dlinya Ay etrafinda doner.” diislincesini son goriismede donmedigi yoniinde bilimsel bilgiye
cevirmistir. Baloglu Ugurlu (2005) tarafindan yapilan calismada altinci sinif 6grencilerine “Dinya’nin
Glnes’'in cevresindeki bir defalik donisiini bir giinde tamamladigl” gibi yanlis bir ifade verilmis,
Ogrencilerin 2/5’i bu ifadeyi dogru degerlendirerek yanlis bilgiye sahip olduklarini géstermislerdir.
Baloglu Ugurlu’nun bir baska sorusunda “Dinya’nin Gines’in ¢evresinde bir yilda déndugi” ifadesini
6grencilerin 3/5’inden fazlasi dogru olarak kabul etmis ve bir 6nceki sorudaki yanilma payi biraz daha
dismistir. Sonraki soruda ise “Glines Diinya’nin ¢evresindeki bir defalik donislint bir yilda tamamlar”
ifadesi kullanilarak 6grencilerde bir celiski olusturulmaya cahlsilmis ve 6grencilerin yaklasik 1/5’i bu
ifadeye katilarak olayr tam kavrayamadiklarini ya da yanlis kavradiklarini gostermislerdir. Bu durumda
ilkogretim o6grencilerinin bu konuda farkh alternatif fikirlerinin oldugu ve bu bilgileri gelecekte
ogrencilere aktaracak olan 6gretmen adaylarinin bilimsel olarak dogru bilgiye sahip olmasinin oldukga
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onemli oldugu soylenebilir. Mevsimlerin olusumuna yonelik olarak da 6gretmen adaylarindan sadece biri
eksen egikligine degindigi tespit edilmistir. Bostan (2008) tarafindan farkl yas gruplarina yonelik yapilan
calismada da Diinya’nin ekseninin 23°27' egik olmasi sonucu mevsimler olusur dogru cevabi oraninin yas
ile birlikte artis gosterdigi ve en fazla dersi alan 6gretmen adaylarinin dogru cevap verdigi sonucuna
ulasilmistir. Bu anlamda ¢alisma sonuglarinin paralellik gosterdigi soylenebilir.

Ay kavramina yonelik olarak elde edilen sonuglar 6gretmen adaylarinin 6gretim uygulamasindan
once Ay’a iliskin farkli alternatif fikirlere sahip oldugunu gostermistir (bkz. Tablo 8). Ay’in evrelerinin
sebebine yonelik olarak Diinya’nin Ay’i golgelemesi 6n gorlismede dikkat ¢eken alternatif fikirdir. Alan
yazinda yapilan bir¢ok ¢alismanin da bu durumu destekler nitelikte oldugu, Ay’in evreleriyle ilgili yapilan
bircok arastirmada farkli yas gruplarindaki 6grencilerin sahip oldugu en belirgin alternatif kavramlardan
birinin bu oldugu belirtilmektedir (Bisard, Aron, Frances & Nelson, 1994; Ogan Bekiroglu, 2007; Trundle,
Troland & Pritchard, 2008). Trundle ve digerleri (2008) tarafindan yapilan ¢alismada 6grencilerin Ay’in,
Dianya’nin golgesinde kaldigindan dolayi degisik sekillerde oldugunu belirttikleri, Ay’'in evrelerinin
sebebini buna bagladiklari ifade edilmistir. Yapilan 6gretimden sonra 6gretmen adaylarinin bu konudaki
fikirlerinde 8nemli degisimler oldugu tespit edilmistir. Ogretmen adaylarinin Whatsapp grubunda Ay’in o
gunki evresine iliskin goriintu paylasmalari ve sohbetler gergeklestirmeleri, akilli tahta kullanimiyla
videolar izlemeleri ve Stellarium programinda Ay’in hangi glinde hangi evrede olacagina dair etkinlikler
yapmalari elestirel diisinmelerini saglayarak, alternatif fikirlerinin giderilmesinde énemli rol oynamistir.
Baleisis, Docter ve Magee (2007) tarafindan yapilan g¢alismada da, astronomi egitiminde Stellarium
programinin etkililigini gostermek amacglanmis ve 101 6grencinin katihmiyla isbirlikli ortamda
gerceklesen calisma sonucunda 6grencilerin iletisim, elestirel diisinme, yaraticilik gibi becerilerinin
gelistigi goralmustir. Bunun yaninda mevcut ¢alismada li¢ haftalik teleskop gozlemleri boyunca Ay’in
evrelerine dair yapilan birgok gozlemin de bilgilerinin pekismesinde etkili oldugunu gostermektedir.
Buna bagl olarak son gorismede Ay’in evrelerinin sebebine iliskin ‘Ay, Dinya’nin etrafinda donerken,
Gines, Diinya ve Ay’in birbirine gore konumlarinin Ay’in ne kadarlik kismini gérecegimizi belirledigini’
ifade etmeleri bu degisimin dikkat cekici noktasi olmustur. Ayrica Ay’in hareketlerine dair bilimsel
diizeyde bilgiye sahip olarak &gretimi tamamlamalari da TEDO’niin bu kavramin &gretiminde etkili
oldugunu gostermektedir.

TEDO uygulamalari genel olarak degerlendirildiginde, &gretim siireci sonrasinda &gretmen
adaylarinda belirgin farkhhlklar oldugu, verilen sorulara daha aciklayici ve bilimsel olarak dogru yanitlar
verdikleri sonucuna ulasiimistir. Bu kapsamda akilli tahta kullanimiyla temel kavramlarin 6gretiminin
video, simiilasyon, internet ve ilgili programlarla desteklenmesinin &gretimi kolaylastirdigi gdrilmustir.
Elektronik atlas sayesinde 6gretmen adaylari her bir kavrama iliskin akilli telefonlarindan kolaylikla
gozlemler yapabilmis, ozellikle takimyildiz kavramina iliskin algilamalarinda bu programlarla yapilan
etkinlikler dnemli olmustur. Dahasi Whastapp grubu sayesinde de bunlari birbirleriyle paylasarak bilgi
ahis verisi saglayabilmislerdir. Gok atlasi kullanimi, basit yollarla yapilacak gézlemlere 6rnek teskil etmis,
teleskop uygulamasiyla bu goézlemlerini daha da pekistirmisler, 6zellikle yildiz-gezegen farkini ayirt
etmelerinde bu gdzlemler etkin rol oynamistir. Bu baglamda bakildiginda TEDO uygulamasi kapsaminda
vapilan her bir etkinligin 6nemli rol oynadigl ve butincil olarak da birbirini tamamlayici oldugu
gorilmektedir. Elde edilen sonuclar dogrultusunda, astronomi dersi kapsaminda TEDO uygulamalarina
ver verilmesi gerektigi, bu tiir uygulamalarin hem 6gretimi kolaylastirdigi hem de daha eglenceli hale
getirdigi diustinilmektedir. Saban ve Celik (2018) tarafindan yapilan calismada da 6gretmen adaylari
mobil uygulamalarin derse katilimi artirmada, soyut konulari somutlastiriilmada ve derse iliskin tutumu
artirmada faydali oldugunu belirtmislerdir. Bu anlamda belirtilen sonuglar mevcut ¢alisma ile paralellik
gostermektedir. Ayrica mevcut calismada her 6grencinin internetten Ucretsiz olarak erisip kolaylikla
kullanabilecegi programlardan yararlaniimistir. Bu anlamda 6grenciler bu programlari glinliik hayatta da
kullanmalari yoniinde tesvik edilebilir. Bu programlarin kullanildigi yeni calismalarin yapilmasi da
egitimde daha fazla kullanilmasina olanak verecegi icin egitim-teknoloji bagini pekistirmesi agisindan
onemli olacaktir.
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Apendix- 1

ASTRONOMY CONCEPT TEST INTERVIEW QUESTIONS

1. What comes to mind when the star is mentioned?

®oo oo

Would you draw a star shape?

What are the characteristic of stars?
Can you give an example to the stars?
What is the constellation?

What is a comet?

2. What comes to mind when the Sun is mentioned?

o 0 oo

What kind of celestial body is the Sun? Why?

Can you draw the shape of the Sun?

What are the properties of the Sun?

What are the movements of the Sun like? (Does it move around itself / around the Earth /
around the Moon?)

3. How many planets are there in the solar system?

Can the planets be classified?

What are the movements of these planets like?

What are the movements of the Earth within these planets? (Does it move around itself /
around the sun / around the moon?)

What is the closest star to Earth? Why?

How are the seasons formed? Explain.

4. What kind of celestial body is the moon? Why?

o

>S@ o a0

What are the features of the moon?

What are the movements of the moon like? (Does it move around itself / around the Sun /
around the Earth?)

What comes to mind when you mention the phases of the moon?

What is the reason for the phases of the moon?

What phases does the moon have? Can you draw?

Draw the position of the Sun-Earth-Moon during a lunar eclipse.

Draw the position of the Sun-Earth-Moon during a solar eclipse.

What is the tide? Which celestial body (s) cause this event?
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Ek-1
ASTRONOMIi KAVRAM TESTi GORUSME SORULARI
1. Yildiz denilince akliniza ne gelmektedir?

Bir yildiz sekli gizer misiniz?
Yildizlarin 6zellikleri nelerdir?
Yildizlara 6rnek verebilir misiniz?
Takimyildizi nedir?

Kuyruklu yildiz nedir?

oo oo

2. Glneg denilince akliniza ne gelmektedir?

Glines ne tir bir gok cismidir? Neden?

Gunes’in seklini gizer misiniz?

Gunes’in 6zellikleri nelerdir?

Glnes’in hareketleri nasildir? (Kendi etrafinda/Diinya etrafinda/Ay etrafinda hareket eder

o o0 oo

mi?)
3. Glnes sistemi icinde kag gezegen yer alir?

a. Gezegenler siniflandirilabilir mi?

b. Bu gezegenlerin hareketleri nasildir?

c. Bu gezegenler igerisinde Dinya’nin hareketleri nasildir? (Kendi etrafinda/Glines etrafinda/Ay
etrafinda hareket eder mi?)

d. Dunya’ya en yakin yildiz hangisidir? Neden?

e. Mevsimler nasil olusur? Agiklayiniz.

4. Ay ne tir bir gok cismidir? Neden?

a. Ay’in ozellikleri nelerdir?

b. Ay'in hareketleri nasildir? (Kendi etrafinda/Giines etrafinda/Diinya etrafinda hareket eder mi?)
c. Ay'in evreleri denilince akliniza ne geliyor?

d. Ay'in evrelerinin sebebi nedir?

e. Ay’in hangi evreleri vardir? Cizer misiniz?

f. Ay tutulmasi sirasinda Glines-Diinya-Ay’in konumu nasil olur giziniz.

g. Glnes tutulmasi sirasinda Glines-Dilinya-Ay’in konumu nasil olur giziniz.

h. Gelgit nedir? Hangi gtk cismi/cisimleri bu olaya sebep olur?
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