PERLEN
w

Cukurova Universitesi Egitim Fakiltesi Dergisi, 51(2), 2022, 825-869
https://dergipark.org.tr/tr/pub/cuefd

Analysis of Primary School Students’ Knowledge Structures Regarding

the Movements of the Earth According to Conceptual Change Theories
Mehmet Ali KANDEMIR 2" (ORCID ID - 0000-0001-9340-2559)

Zeki APAYDIN  (ORCID ID - 0000-0002-6581-4828)

@Ministry of National Education, Balikesir/Tlrkiye
b Ondokuz Mayis University, Faculty of Education, Samsun/Tiirkiye

@ CrossMark

Article Info

Abstract

DOI: 10.14812/cufej.934087

Article history:

Received  06.05.2021
Revised 15.03.2022
Accepted  16.03.2022

Keywords:

Rotation, Revolution,

Daily and Annual Movements of
the World, Conceptual Change
Theories, Knowledge Structures,
Mental Model, Knowledge in
Pieces Structure Theory.

Research Article

In the research, the knowledge structures (mental model) of the students regarding
rotation, revolution, daily and annual movements of the world were analyzed. The
research was designed according to the mixed method model in which qualitative and
quantitative research methods are used together in data collection process. The
research was conducted with the participation of seventy-five fourth grade students.
Criterion sampling, one of the purposeful sampling methods, was used in determining
the participants. Research data were obtained from knowledge structures test and
interview form. Chi-Square Goodness-of-Fit Test, percentage and frequency were used
in the analysis of the quantitative data obtained from the knowledge structures test,
and the descriptive analysis method was used in the analysis of the verbal data
obtained from the interview form. As a result of the research; students gave answers
that showed cognitive inconsistency to different questions about the rotation,
revolution, daily and annual movements of the Earth. These findings show that the
knowledge structures of the majority of the students participating in the study are in
accordance with the knowledge in pieces structure theory.
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Arastirma Makalesi

Arastirmada; 6grencilerin donme, dolanma, Dinya’nin ginlik ve yillik hareketlerine
iliskin bilgi yapilari (zihinsel model) analiz edilmistir. Arastirma, nitel ve nicel aragtirma
yontemlerinin birlikte veri toplama isleminde kullanildigi karma yontem modeline gére
tasarlanmistir. Aragtirma dordiinci sinifa devam eden yetmis bes 6grencinin katilimi ile
gerceklestirilmistir. Katihmcilarin belirlenmesinde amagsal 6rnekleme yontemlerinden
biri olan 6l¢lit 6rnekleme kullaniimistir. Arastirma verileri bilgi yapisi testi ve gorisme
formundan elde edilmistir. Arastirmada bilgi yapisi testinden elde edilen nicel verilerin
analizinde kay kare uyum iyigi testi, ylzde ve frekans, gériisme formundan elde edilen
sozel verilerin analizinde ise betimsel analiz yontemi kullaniimistir. Arastirma
sonucunda 6grenciler Diinya'nin donme, dolanma, glinliik ve yillik hareketlerine iliskin
farkl sorulara biligsel tutarsizlik sergileyen yanitlar vermislerdir. Saglanan bu bulgular,
arastirmaya katilan O6grencilerin ¢ogunlugunun bilgi yapilarinin parcali bilgi yapisi
teorisiyle uyum iginde oldugunu géstermektedir.
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Introduction

Learning the concepts of natural sciences in science teaching at a meaningful level is an important
achievement for basic education students. One of the factors that are effective in students’ realization
of meaningful learning is the preliminary concepts formed by their daily lives. Students come to formal
education institutions with the pre-concepts they create depending on different environments and lives
(Celikler & Kara, 2016; llyas & Saeed, 2018; Limon & Mason, 2002). In this context, today's theories of
conceptual change that prioritize teaching specific to the field; They emphasize that meaningful learning
can be achieved by associating the pre-concepts with the concepts learned in the formal environment
(Ecevit & Simsek, 2017; Oberio, 2017; Winarso & Toheri, 2017). Preliminary concepts are generally less
logical and less consistent than scientific concepts (diSessa, 2004; Ilyas & Saeed, 2018; Kandemir &
Apaydin, 2020; Yagbasan & Gulcicek, 2003). Pre-concepts can often have a negative effect on the
learning process (Cepni, 2016; Thompson & Sue, 2006). Therefore, it is a necessity for meaningful
learning to associate the preliminary concepts for the subjects to be learned in the formal environment
with scientific explanations in a process. Based on these explanations, conceptual change theories are of
great importance in the conclusion of learning processes with meaningful learning (Cepni, 2016; Oberio,
2017; Vasniadou & Skopeliti, 2014).

Conceptual change process plays an extremely important role in teaching the concepts related to
daily life and especially theoretical (Nadelsonet al., 2018). Many concepts in the teaching content of the
science course are related to each other. Related concepts form prior knowledge of each other and are
effective in meaningful learning (Cepni, 2016). Therefore, a teaching-learning process should be
designed considering the multi-faceted conceptual relationships of the science content (diSessa, 2014;
Posner et al., 1982; Vosniadou, 2012). According to the theory-like conceptual change theory, which is
especially under the influence of the schema approach (Vosniadou, 2012); conceptual change becomes
necessary when students prior knowledge contradicts with what they newly learn about science and
makes it difficult to learn the new concept (Vamvakoussi, 2017). Apart from this, according to the
knowledge in pieces structure theory, which claims that students’ pre-concepts are in the form of pieces
of knowledge, it is very important to associate students’ pre-concepts with scientific concepts and to
organize students’ knowledge structures within a process (diSessa, 2014).

When we examine the conceptual change and development from a historical perspective; It is should
be noted that the process can be associated primarily with Piaget's cognitive conflict theory (Heyd-
Metzuyanim & Schwarz, 2017). Although research on conceptual change gained speed in the 1980s, it
slowed down slightly in the 1990s (diSessa, 2014; Duit et al., 2013). However, the idea of conceptual
change in science education was first put forward by Posner et al. (1982) (Vosniadou, 2012). Conceptual
change has also been at the center of many studies that reveal different theoretical frameworks and
models. Research findings of the last fifty years; It shows that students have contrary views of formal-
scientific knowledge about the concepts they will gain at the end of the process before teaching (Duit &
Treagust, 2003). Many studies on science courses have focused on how these preliminary concepts,
which are called misconceptions in traditional literature, make the teaching of scientific concepts
difficult and how to overcome difficulties. In these studies, Apaydin (2014) water buoyancy; Apaydin et
al. (2014) light; Apaydin et al. (2018) physical and chemical change; Chi (2005) circulatory system;
diSessa (1982) force, acceleration and velocity; loannides & Vosniadou (2002) force; Vasniadou &
Brewer (1992) examined the knowledge structures of students towards the concepts of the shape of the
earth. In the literature, different evaluations have been made and different conceptualizations have
been created according to different theories of conceptual change regarding the nature of the
conceptual change that occurs in students. Some of the studies within the scope of our research are
given below.

Accordingly, Posner et al. (1982) compared the conceptual change process of students to the
conceptual change process of scientists. In the context of the relevant theoretical explanation, it was
pointed out that students should have good reasons for abandoning their preliminary concepts.
Otherwise, the authors stated that students would continue to maintain their preliminary concepts.
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Again, according to this theoretical approach (the epistemological framework theory), the realization of
conceptual change in students, the realization of the inadequacy of the pre-concepts and the
occurrence of dissatisfaction; it depends on new concepts being intelligible, plausible and fruitful.

In other words, when students encounter an original problem, dissatisfaction occurs when their pre-
concepts for the problem are insufficient. Then, it is a necessity for conceptual change to ensure that
the new concept is intelligible to students and that it can produce solutions not only to the relevant
problem but also to similar problems in the future. As stated above, Posner et al. (1982) was under the
influence of Piaget and one of the following authors, Vosniadou, can be considered as the forerunners
of the theory-like school of knowledge structure theory.

In this context, the theory-like (synthetic) conceptual change theory is based on the concept of
schema in Piaget's cognitive development theory. According to Vasniadou & Skopeliti (2014), students
form some naive theories based on their daily experiences. Students who come to school with naive
theories encounter scientific information at school; this creates a mental inconsistency and a cognitive
imbalance in reference to Piaget. The student combines scientific knowledge with his own naive
knowledge in order to restore mental balance. As a result of this combination, information structures
that can be described as synthetic or hybrid emerge. This theory draws attention to the fact that the
knowledge structures of students for certain cognitive periods generally exist in a coherent, unity, and
mental balance. The relevant theory also suggests that conceptual change is a gradual and lengthy
process; he draws attention to the necessity of ontological, representational and epistemological
changes in the student for this. In addition, the theory argues that while conceptual change is a process,
it is structurally just like a displacement, that is, a revolutionary aspect in which the old is left behind and
replaced by the new. So "can conceptual change be explained only by schematic and therefore theory-
like theory of knowledge structure?" The question is important. The answer is naturally no. Such an
answer leads us to examine more closely the knowledge in pieces structure theory.

According to the knowledge in pieces structure theory; the knowledge structures that students
acquire as a result of their daily experiences are fragmented, far from integrity and semi-independent.
These knowledge structures are called phenomenological primitives (p-prims) (diSessa, 2014).
Knowledge structures are linked to each other by weak cognitive networks. Since the existing knowledge
structures are far from complementing each other, when the students are asked questions in different
contexts about a topic; there are inconsistencies in the answers (Ozdemir, 2007). Of course, knowledge
structures are initially inconsistent, especially for students in the position of students; however, as the
students knowledge increases, some pieces of information are erased or become passive; some pieces
are added and / or become active so that some pieces of information gain more important status than
others. As a result, the knowledge structures of the students transform into structures with integrity as
they approach the scientific one over time; they can become consistent. Accordingly, conceptual change
is an evolutionary and long-stage process rather than a revolutionary one; it actually refers to a re-
arrangement of information (diSessa, 2008; Ozdemir, 2007).

In one of the other theories in the literature, conceptual change is explained on the basis of ontology
(the ontological categorization theory). According to this theory, conceptual change is defined as the
process of assigning a concept ontologically assigned to the wrong category to the correct category. In
the aforementioned theory, it was emphasized that misconceptions or in other words, wrong
ontological categories emerge as a result of individuals assigning concepts to wrong categories during
concept learning (Chi & Roscoe, 2002). The relevant theoretical approach expresses the conceptual
change as a sudden change (Vosniadou, 1999). In addition, their presence in the earth; it examines it in
three different ontological categories such as matter, process and mental states, and implies that
science teaching should also be designed according to these categories (Chi et al., 1994). Again,
according to the theory, learning the concepts in science refers to a very difficult change. This approach
prioritizes the need for careful consideration of mental categorization of experimental activities.
Because learning science concepts is actually nothing more than an exchange between categories
(Turceotte, 2012).
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As another popular approach, Roschelle (1992) contributed to conceptual change with the
convergent conceptual change theory. This model came about by integrating collaboration into
conceptual change. Roschell pointed out that conceptual change is achieved gradually and interactively
with collaborative participation in a problem solving activity. In addition, the author, like diSessa,
indicates that information is fragmented; he states that metaphors should be used in constructing the
knowledge structure that represents a cognitively deep understanding (Turceotte, 2012).

Another conceptual theory of change is the restructuring theory. According to this theory, unlike
Piaget's cognitive development theory, conceptual change cannot be explained by a universal
generalization. Instead of this approach, it is emphasized that in the relevant theory, conceptual change
should be considered as domain-specific reconstruction. Therefore, restructuring of naive knowledge
structures is directly related to students’ individual experiences and knowledge. In this way, it was
stated that students changed their naive knowledge structures with conceptual knowledge structures
accepted as scientifically correct (Carey, 1999). Carey's reconstruction theory focused on the idea that
the knowledge structures of children and adults are incommensurable and that these knowledge
structures cannot be compared (Carey, 1985). It is stated that the conceptual change in the relevant
theory is of two types, weak and radical (strong). In this context, weak restructuring can be associated
with the concept of assimilation, and strong restructuring can be associated with the concept of
accommodation (Duit & Treagust, 2003). As can be understood fromthe studies up to now, , although
there are many conceptual change theories in the literature, most of the research has focused on the
knowledge in pieces structure theory and the theory-like conceptual change theory. For this reason,
information structures related to rotation, revolution, the Earth's daily movements and movements
around the Sun are dealt with according to the theory of knowledge in pieces structure theory and the
similar theory of conceptual change theory.

The movement of the Earth around its own axis and the movement of the Earth around the Sun, the
concepts of rotation and revolution are studied repeatedly at different levels (Ministry of National
Education (MNE), 2018). Despite this, scientifically consistent and meaningful learning could not be
reached by students as expected. (Oh et al., 2017; Ozcan & Birgin, 2021; Turk et al., 2012).Based on the
explanations in the literature, it can be emphasized that the pre-concepts that students bring to the
teaching environment are very important for meaningful learning. Examining the pre-concepts of the
students according to the conceptual change theories and planning the education and training process
in this direction is important for learning the related concepts in a meaningful way. In addition, it is
noteworthy that there are few studies in Turkey in the literature to examine students’ knowledge
structures according to conceptual change theories (Apaydin, 2020, 2014; Ozdemir, 2007; Ozdemir &
Clark, 2009). It is expected that our study will contribute to the literature in this aspect. In addition, the
fact that the study contributes to teachers' planning the education and training process and the
preparation of teaching programs can be considered as another gain. Within all these explanations, it is
aimed to analyze the knowledge structures of primary school students regarding the movements of the
earth in our research. The research question is given below.

1. Are students’ knowledge structures of rotation, revolution, the Earth's daily movements and
movements around the Sun consistent according to the theory-like conceptual change theory or
inconsistent according to the knowledge in pieces structure conceptual change theory?

2. Is there a significant difference between the number of consistent answers and inconsistent
answers related to the concept of rotation?

3. Is there a significant difference between the number of consistent answers and inconsistent
answers related to the concept of revolution?

4. Is there a significant difference between the number of consistent answers and inconsistent
answers related to the rotation of the Earth?

5. Is there a significant difference between the number of consistent answers and inconsistent
answers related to the revolution of the Earth?
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Method

Research Model

The research was designed according to the embedded design, which is one of the mixed method
designs in which qualitative and quantitative research methods are used together. In this method, one
of the qualitative or quantitative methods is less dominant than the other. In other words, the
contribution of the methods to the research is not equal. In this study, the contribution of the
quantitative method is more prominent than the qualitative method. In the mentioned design above,
the data collected by quantitative methods are supported, explained and exemplified by qualitative
methods.The complexity of events and phenomena around us makes the mixed method necessary.
Therefore, multiple methods should be used to understand events and facts. With the mixed method, it
is possible to make an in-depth and detailed analysis by considering both the qualitative and the
quantitative dimensions of the events and facts. The mixed method also allows data obtained from
different methods to be used for supportive verification. In this respect, it is very important in increasing
the reliability of studies in social sciences (Yildirim & Simsek, 2016).

Participants

The research was carried out in a district of a medium-sized city in Marmara region, in 2019-2020
academic year with the participation of 75 fourth grade students. Criterion sampling, which is one of the
purposive sampling methods, was used to determine the participants. Purposive sampling method
provides the opportunity to conduct in-depth research in studies. In the criterion sampling method,
individuals with certain characteristics are included in the sample. Purposeful sampling method allows
in-depth research by selecting occasions rich in supplying knowledge depending on the purpose of the
study. It is preferred to work with one or more special cases that meet certain criteria or have certain
characteristics upon demanding the researcher tries to understand natural and social events or
phenomena depending on the chosen situations, and to explore and explain the relationships between
them. In a research, observation units can cover people, events, objects or situations with certain
qualities. In this case, units that meet the criteria determined for the sample are included in the sample
(Buyukoztirk et al. 2016). Participants were determined according to the criteria of having a moderate
academic achievement and being at an average socioeconomic level. The reason behind it is that social
environment and academic success can affect students’ knowledge structures. In the research, schools
in the middle socioeconomic level were firstly distinguished from all the schools in the district. Then,
schools with a medium level of success were determined among the selected schools. Afterwards, a
school was determined by drawing lots amongthe selected schools. Finally, the students were included
in the study depending on the approval of their teachers. The schools where the knowledge structure
test is applied are the schools of medium level in terms of academic success and socioeconomic level.
Turkish Statistical Institute 2021 data was used to determine the socioeconomic level of families
(Turkish Statistical Institute (TSI), 2021). After the application of the knowledge structure test, the
individuals to be interviewed were determined. In the determination of the students to be interviewed,
the necessary information was collected from their responsible teachers. Criteria such as medium level
of academic success, being sociable and having high communication skills were also used. These criteria
ensured that eligible students were participants. The reason of looking for student characteristics such
as being sociable and having high communication skills is to contribute to obtaining in-depth and
detailed data on the research subject. (Buyukozturk et al., 2016).

Data Collection Tools

The data in the study were collected through the knowledge structure test and semi-structured
interview form developed by the authors. The knowledge structure test has been prepared in harmony
with the knowledge in pieces structure theory and the theory-like conceptual change theory. The
following stages were applied while developing these data collection tools.
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Knowledge Structure Test

Firstly, case studies were examined about the subject in literature survey (Apaydin, 2020; Chi &
Roscoe, 2002; diSessa, 2014; Ozdemir, 2007; Vosniadou & Skopeliti, 2014). Then, a total of 15 true-false
tests and 6 open-ended questions were prepared in the curriculum, including at least 4 questions
related to each of the acquisitions related to the subject (MNE, 2018). Opinions of 3 science educators
and 1 measurement and evaluation expert were taken into consideration along with prepared draft
questions. Necessary parts were corrected based onexpert opinions. The form consisting of 21 items,
which is ready as a draft, was read to 10 students before the pilot application phase; Feedback proved
that it was understandable. Then, it was applied to 200 students attending the fourth class. Students
were asked to explain why the true-false test items were true if they answer them as true and false if
they answer them as false. If the student gave the correct answer but explained the reason incorrectly,
the answer was considered incorrect.In the scoring of correct and incorrect test items, 1 point for
correct answers and 0 points for incorrect answers were given. In the calculation of open-ended
questions, 2 points were given for correct answers, 1 point for partially correct answers, and 0 points for
incorrect answers. After scoring the answer sheets, the scores from the highest score to the lowest
score were listed and 27% of the highest score group and 27% of the lowest score group were taken and
necessary test and item analysis were made. Correct-false test items were selected with items with an
item difficulty index between .45 and .63 and items with an item discrimination index between .68 and
.90. Open-ended question items were selected with items with an item difficulty index between .35 and
.58 and items with an item discrimination index between .49 and .58 (Table 1). The average difficulty
level of the test is .55. The KR-20 reliability of the true-false test items was calculated as .96, and the
Cronbach's alpha reliability coefficient for the open-ended question items was calculated as .86. The test
consists of 13 itemsincluding 9 true-false items (supported with questions such as "If true, why? "If false,
why?") and 4 open-ended questions (Appendix-1) (Acar, 2018; Baykul & Turgut, 2010; Buyukozturk,
2016; Karip, 2015).

Tablo1.
Results of the Analysis for Test Items
Item No. Pj Rjx
1* 0.45 0.68
2 0.62 0.75
3 0.63 0.72
4 0.61 0.77
5 0.61 0.77
6 0.57 0.85
7 0.56 0.87
8 0.58 0.83
9 0.54 0.90
10** 0.58 0.49
11 0.50 0.58
12 0.51 0.46
13 0.53 0.56

* Results of the analysis for 1-9 true false test items.

** Results of the analysis for test items related to open-ended questions between 10-13.
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Interview Form

In the first stage of the form creation process, literature review was conducted on the subject and
interview forms (Apaydin et al., 2018; Chi & Roscoe, 2002; diSessa, 2014; Ozdemir, 2018; Vosniadou &
Skopeliti, 2014). As a draft, 4 question sets related to 4 concepts were prepared to determine the
knowledge structures of students about rotation, revolution and the shape and movements of the earth.
After this stage, opinions were obtained of 3 science educators and 1 measurement and evaluation
expert. Necessary corrections were made in the relevant form consecutively. The form created was read
by 31 students during the pilot application phase; feedback has been received that it is understandable.
Thus, the stages of creating the interview form were completed. The interview form consists of the
content for rotation, revolution, daily and annual movements of the earth. The students were asked
different questions about the related concepts and they were asked to explain whether there was a
difference between the questions by presenting the reasons and justifications. Except for different
examples about the concepts, all conditions were equal in the interviews. The reason for this is that
interview conditions (time, ambient temperature, etc.) may also affect detailed research on students
knowledge structures.The content of the interview form is given below.

Rotation: Different examples related to the rotation event are given in the question set. It was aimed
to determine how different examples affect students’ interpretation of the concept of rotation.

Revolution: In this set of questions, different examples are given regarding the revolution
phenomenon. It was aimed to investigate how different examples affect students’ interpretation of the
concept of revolution.

The daily movement of the Earth and its results: In this set of questions, different examples of the
daily movement of the Earth are given. It is aimed to examine how different examples affect students’
comments on the daily movement of the Earth.

The annual movement of the earth and its results: In this question set, different examples regarding
the annual movement of the earth are given. It is aimed to examine how different examples affect
students’ comments on the annual movement of the Earth.

Table 2.
Formal-Scientific Explanations for Research Concepts (MNE, 2018; Ozcan & Birgin, 2021; Yaman et al.,
2019)

The annual movement
of the earth and its
results

The daily movement of

Revolution
evolutio the Earth and its results

Rotation

The movement of an
object on its own axis is
called rotation (Turkish

Language Institution (TLI),

2020).The movement of
the bicycle wheel around
own axis as it moves
along a line, the
movement of the
windmills around own

axis, the movement of the

Earth around its own
axis, etc. are examples of
rotational motion.

Moving around a
thing or an object is
called revolution
(TLI, 2020).The
movements of the
individuals around
the chairs in the
musical chair game,
Earth's movement

around the sun, etc.

are examples of
revolution
movement.

It is the rotational
movement that the
Earth completes around
its axis in 24 hours.
Consequences: It occurs
day and night and
follows each other. The
sun rises in the east and
sets in the west. The
visible sight of the Sun
changes throughout the
day.Shade lengths and
directions of the objects
change during the day.

It is the motion of the
Earth to revolution
around the Sun in 365
days and 6 hours.
Results: Seasonal
temperature
differences occur. It
provides the formation
and change of the
seasons. The position
of the Earth in relation
to the Sun changes. The
day and night times
differ throughout the
year.
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Validity and Reliability Studies of the Interview Form

During the interview, all kinds of expressions directing the students were avoided. In order to be
more sincere with the students, three lesson hours were attended with the teacher before the research.
The interviews were conducted in a conversational atmosphere and in a friendly environment. A pilot
application was made for the interview form before the main interviews. The data obtained during the
interview were quoted as direct quotations. The purpose of implementing such practices is to increase
internal reliability (Ozmen & Karamustafaoglu, 2019). Providing in detail how the raw qualitative data
provided were combined during the data collection and analysis process; it is an attempt to increase
external reliability. No time limits were applied in the interviews. Quantitatively collected data were
validated by comparing them with qualitatively collected data. At the end of each interview, the data
obtained from the students were read and their opinions about their accuracy were taken and they
were asked whether they wanted to add or not. During the interview, it was aimed to collect in-depth
data by asking additional questions to the participant when necessary ("What do you mean?", "Can you
explain a little more?"). In addition, when the participant went beyond the scope of the research
questions during the interview, additional questions were asked to keep the research questions within
the theoretical framework. The purpose of realizing these applications is to increase the internal validity
of the research. In addition, the use of purposeful sampling method in the research and giving all the
stages of the research in detail are also aimed at increasing external validity (Yildirim & Simsek, 2016).

Collection of Data

Research data was obtained by applying semi-structured "knowledge structures interview form" and
"knowledge structures test". The test was firstly applied to 75 fourth grade students. Then, 11 students
who wereselected upon the suggestions of their classroom teachers, were interviewed. The interviews
were recorded by video and were transcribed. All procedures in this research were carried out in
accordance with the decision of ethics committee of Ondokuz Mayis University Social and Ethics
Committee of Human Sciences dated on 25.12.2020 and numbered as 2020/854.

Analysis of Data

When the students’ answers to the questions on the subject were consistent, they were evaluated
within the scope of theory-like conceptual change theory. In cases in which the students answered the
questions inconsistently, they were evaluated within the scope of the knowledge in pieces structure
conceptual change theory. While the concept of consistency represents the theory-like conceptual
change theory, the concept of inconsistency represents the knowledge in pieces structure conceptual
change theory. Before starting the analysis, the answer sheets were named as S1, S2... S75. The data
was classified and entered into the analysis package program by being evaluated as 1 point when the
answers of the participants to the knowledge structure test were consistent and 0 point if they were
inconsistent. In the analysis of the quantitative data obtained from the "knowledge structure test", the
Chi-Square Goodness-of-Fit Test (X?), percentage and frequency were used. It is one of the tests in the
non-parametric test group that allows to operate with impermanent categorical variables obtained by
the related test classification scales. It reveals whether there is a significant difference between the
frequencies observed in the sub-categories of a categorical variable and the expected frequencies
(Bursal, 2019; Taspinar, 2017). In the analysis of the data obtained from the interview form, the
descriptive analysis method was used. Transcription of the video recordings was also done at this stage.
The data analysis process was started at the same time. The data obtained in the research was
organized within the scope of the theory-like conceptual change theory (consistent answers) and the
knowledge in pieces structure conceptual change theory (inconsistent answers). In addition, direct
quotations are included in this analysis in order to reflect the views of the participants. In the analysis,
the frame is firstly created. In the second stage of the process, the data is organized in a meaningful and
logical way according to the framework. In the third stage, the edited data is defined and direct
quotations are included. Lastly, the defined data is explained and interpreted (Yildirim & Simsek, 2016).
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Findings

When the students’ answers to the questions on the subject were consistent, they were evaluated
within the scope of theory-like conceptual change theory. In cases in which the students answered the
questions inconsistently, they were evaluated within the scope of the knowledge in pieces structure
conceptual change theory. As a result of the applied analysis process, the number of consistent and
inconsistent answers of the students’ are given below. In the inconsistency analysis; cognitive
inconsistency was focused rather than attributions in the form of misconception or alternative
conceptualization. In the cognitive consistency analysis, a consistency was searched in the answers of
the same topic.

1. The first research question is formulated as "Is the students’ knowledge of the Earth's rotation,
revolution, daily and annual movements consistent with the theory-like conceptual change theory or
inconsistent with the knowledge in pieces conceptual change theory?". The values of the findings for the
research question are presented below.

Table 3.
Percentage and Frequency Values of the Data Provided from the Information Structure Test for the
Concepts of Rotation and Revolution

Inconsistency % Consistency % Total
Rotation 57 76 18 24 75
Revolution 55 73.3 20 26.7 75

When Table 3 is examined, in the findings obtained from the knowledge structure test regarding the
concept of rotation; it is observed that the number of inconsistent responders was 57 (76%), and the
number of consistent responders was 18 (24%). In addition, the number of inconsistent responses
regarding the concept of revolution was observed as 55 (73.3%), and the number of consistent
responders was 20 (26.7%).

Table 4.
Percentage and Frequency Values of the Data Obtained from the Interviews for the Concepts of Rotation
and Revolution

Inconsistency % Consistency % Total
Rotation 9 81.8 2 18.2 11
Revolution 8 72.7 3 27.3 11

According to Table 4; as a result of semi-structured interviews about the concept of rotation, the
number of students who gave inconsistent responses was 9 (81.8%), and the number of students who
gave consistent answers was 2 (18.2%). In addition to these, the number of students who gave
inconsistent answers about the concept of revolution was 8 (72.7%), and the number of students who
gave a consistent answer was 3 (27.3%).

Below are examples of consistent responses obtained from interviews on the concepts of rotation
and revolution.

Example 1:

Teacher:

What is the movement of the students in the game of musical chairs called?
S19:

It is called revolution.
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Teacher: \

How does the revolution move? In this example,
519: the student
named S19
In the game of musical chairs, students revolution around the chairs. answered the
Teacher: guestions about
the revolving
What is the motion of the Earth around the Sun? movement with
510: explanations
about the
The Earth revolves around the Sun. revolving
Teacher: movement. This

situation shows
Can you give another example of revolution? that the student
has cognitive
consistency.

S19:

Revolution occurs in the running motion of the athletes on the circular tray
Example 2:

Teacher:

What is the movement of the carousels on their axis called in the amusement p%
S13:

It is called rotation.

Teacher:
In this example,

. . Ho
Can you explain the concept of rotation a little~ the student

S13: named S13
. - . answered the
The carousel rotates around its own axis just like the Earth. .
guestions
Teacher: about the
. . . S rotation
What is the motion that occurs in the whirligig game? .
movement with
S13: explanations
Th innine t | tat about the
e spinning top also rotates. rotation
Teacher: movement.

This situation
shows that the
S13: student has
cognitive
consistency.

Can you give another example of a rotational motion?

The movement of the fan and the movement of the car wheel is the rotation.

In the following paragraphs, examples of inconsistentresponses obtained /
from interviews about rotation andrevolution concepts are given.

Example 3:

Teacher:

Around the child of the toy train sitting on the circular rails what is it called

the movement he has made?
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S20:

It is called revolution.

Teacher:

Can you explain the revolution move?

S20:

The train rotates around the child on circular rails. (The student exemplified

the movement, which is an example of the concept of revolution, as the

rotational movement.).

Teacher:

What is the movement made by children in the game of musical chairs
S20:

Children rotate around the chairs to grab a chair (The student said the
movement, which is an example of the concept of revolution

(Moving around a thing or an object is called revolution (TLI, 2020).)
as the rotational movement.).

Teacher:

Could you give another example of revolution?

S20:

(2), 2022, 825-869

=

In this example, the
student named S20
said, in his firstanswer,
about the revolving
motion; In his second
answer, he made
explanations about
therotational
movement. This
situation shows that
the studentisin
cognitive
inconsistency.

?

The movement of the hour, minute and second hand in the watch is an example of revolution

(The student exemplified the movement, which is an example of the rotational behavior, for the

revolutionmovement.)

Example 4:

Teacher:

What is the movement made by whirling dervishes? \
S7:
Whirling dervishes rotate around themselves

(It is a correct example corresponding to the rotation

phenomenon).

Teacher:

Can you give an example of the rotational motion? >
S7:

We rotating with our friends in the game of musical chairs
(The student exemplified the movement, which is an example

of the revolution behavior, for the rotational movement.).

Teacher:

Can you give another example?

S
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S7:

We also revolve around our friends in the game and put the handkerchief down (it is seen in this
example that the student associates a movement related to the revolution (Movement around
something is called revolution (TLI, 2020).) with a movement related to a rotation phenomenon.)

Table 5.
Percentage and Frequency Values of The Data Provided from The Information Structure Test for The
Daily and Annual Movement of The Earth

Inconsistency % Consistency % Total

The daily movement of
the Earth and its 54 72 21 28 11
results

The annual movement
of the earth and its 57 76 18 24 11
results

When Table 5 is examined, it is seen that the number of students who responded inconsistently to
the test of knowledge structure regarding the daily movement of the earth is 54 (72%) and the number
of students who gave consistent answers is 21 (28%). In addition, it is shown in the table that the
number of students who gave inconsistent responses to the annual movement of the earth was 57
(76%), and the number of students who gave a consistent response was 18 (24%).

Table 6.
Percentage and Frequency Values of the Data Obtained from the Interviews Regarding the Daily and
Annual Movement of the Earth

Inconsistency % Consistency % Total
The daily movement
of the Earth and its 7 63.6 4 36.4 75
results
The annual
movement of the 7 63.6 4 36.4 75

earth and its results

When Table 6 is examined, it is seen that the number of students who responded inconsistently to
semi-structured interviews regarding the daily movement of the earth is 7 (63.6%), and the number of
students who gave consistent responses is 4 (36.4%). In addition, it is shown in the table that the
number of students who give inconsistent responses to the annual movement of the earth is 7 (63.6%),
and the number of students who give consistent responses is 4 (36.4%).

Below is about the daily and annual movement of the earth; sample consistent responses obtained
from the interviews were given.

Example 5:

Teacher:

How is day and night formed?

S55:

It is formed as a result of the daily movement of the earth.
Teacher:
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Could you explain a little? N
S55:
The dark side is night as the earth rotates around its own axis,

The bright side facing the sun is daytime.

), 2022, 825-869

In this example, the student
named S55 answered the
questions about the Daily

movement of the Earth

Teacher: >—with explanations about the

Can you give an example of other consequences of the daily
movement of the earth?

S55:

The sun is seen in different locations during the day. _
Example 6:

Teacher: TN
Can you give an example of one of the results of the annual movement
of the earth?

sio0:

It occurs day and night (The student gave the wrong answer to the ques
Teacher:

Can you explain how night and day occur?

s1o0:

As the Sun approaches the Earth, it becomes day, and as the

Moon approaches the Earth, it becomes night.

Teacher:

Could you give another example of the results of the annual movement
of the earth?

s1o0:

The sun rises in the east sets in the West (The student gave the wrong a

to the question).

Daily movement of the
Earth. This situation shows
that the student has
cognitive consistency.

ion.)

In this example, the
student named S10
constantly gave wrong
answers to the
questions about the
>— annual movement of
theworld. This
situation shows that
the student has
cognitive consistency.

hswer

rarding

Below are sample inconsistent answers obtained from the interviews re
the daily and annual movement of the Earth. S
Example 7:

Teacher:

Can you give an example of one of the consequences of the daily movement

of the earth?

S2:

It occurs night and day (it is an accurate example corresponding to the results of the
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daily motion of the Earth).
Teacher: \
Can you give some information about day and night occurrence?
S2:

When the earth turns, one side faces the sun, it becomes daytime, one

side looks at the moon, it becomes night. In this example, the
student named S2
answered the questions
Well, can we give an example to the daily movement of the Earth, about thedaily movement
of the Earth with
explanations about the

Teacher:

the rising of the sun in the east and the setting in the west?

S2: annual movement of the

No Earth. This situation shows
that the student is in

Teacher: cognitive inconsistency.

Why is that?

S2:

Because it is the result of the Earth's movement around the Sun (In this example, the student
explains a result corresponding to the daily movement of the Earth/gy associating it with the annual
movement of the Earth.).

Example 8:

Teacher: \

Can you give an example of one of the results of the annual movement of the earth?

S55: .
In this example,
Seasons occur (this is a correct example corresponding to the results of the Earth's the student
named S55
annual movement).
answered the
Teacher: guestions about
Can you give some information about the formation of the seasons? the annual
movement of
S55: the Earth by
. . using the
While the earth rotates around the sun, when you get closer to the sun, write, .
explanations
Spring when a little closer, autumn when a little closer, the furthest away is winter. about thedaily

movement of
the Earth. This
Teacher: situation shows
that the student
is in cognitive
S55: inconsistency.

At the end of this, seasons are formed.

Can you give another example of the annual motion of the sun?

It is the succession of day and night (In this example, the student explains a result

corresponding to the annual motion of the Earth by associating it with the dailszment
of the Earth.).
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2. Within the frame of the second research question, it was examined if there was a significant
difference between the number of consistent answers andinconsistent answers regarding the concept
of rotation. The analysis findings obtained in this context are given below.

Table 7.
Findings of the Chi-Square Goodness of Fit Test Between the Number of Consistent and Inconsistent
Answers Related to the Concept of Rotation

Inconsistency % Consistency % Total
Rotation 57 76 18 24 75
X?=24.653 df=1 p=0.00 p<0.05

Finding p=.000<.05 of the analysis finding in Table 7 indicates that there is a significant difference
between the number of students’ inconsistent answers the number of consistent answers to the
concept of rotation. (X? =24.653; p=0.000). The fact that the percentage of inconsistent answers (76%) is
higher than the percentage of consistent answers (24%),which indicates that this difference is in favor of
the number of inconsistent answers.

3. Depending on the third research question, it was examined if there was a significant difference
between the number of consistent answers and the number of inconsistent answers regarding the
concept of revolution. The analysis findings obtained are given below.

Table 8.
Findings of the Chi-square Goodness of Fit Test Between the Number of Consistent and Inconsistent
Answers Related to the Concept of Revolution

Inconsistency % Consistency % Total
Revolution 55 733 20 26.7 75
X2=20.280 df=1 p=0.00 p<0.05

The result of the analysis in Table 8 showing p=.000<.05 proves that there is a significant difference
between the number of students’ inconsistent answers and the number of consistent answers related to
the concept of revolution (X? =20.280; p=0.000). The fact that the percentage of inconsistent answers
(73.3%) is higher than the percentage of consistent answers (26.7%),which indicates that this difference
is in favor of the number of inconsistent answers.

4. In order to find out the fourth research question, it was examined wif there was a significant
difference between the number of consistent answers and the number of inconsistent answers related
to the rotation of the Earth. The analysis findings obtained in this context are given below.

Table 9.
Findings of the Chi-Square Goodness of Fit Test Between the Number of Consistent and Inconsistent
Answers Related to the Movement of the Earth on Its Axis

Inconsistency % Consistency % Total
Earth's movement on
its axis and its 54 72 21 28 75
consequences
X?=22.413 df=1 p=0.00 p<0.05

Finding p=.000<.05 in the analysis of Table 9 shows that there is a significant difference between the
number of inconsistent answers and the number of consistent answers regarding the Earth's motion on
its axis and its results (X2 =22.413; p=0.000). The fact that the percentage of inconsistent answers (72%)
is higher than the percentage of consistent answers (28%),which signals that this difference is in favor of
the number of inconsistent answers.
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5. To analysethe fifth research question, it was examined if there was a significant difference
between the number of consistent answers and the number of inconsistent answers regarding the
revolution of the Earth. The analysis findings reached are given below.

Table 10.
Findings of the Chi-square Goodness of Fit Test Between the Number of Consistent and Inconsistent
Answers Related to the Earth's Movement Around the Sun

Inconsistency % Consistency % Total
Earth's movement
around the Sun and its 57 76 18 24 75
consequences
X2=27.000 sd=1 p=0.00 p<0.05

Finding p=.000<.05 which is the result of Table 10 shows that there is a significant difference
between the number of inconsistent answers and the number of consistent answers regarding the
Earth's movement around the Sun and its results (X? =27.000; p=0.000). This difference supports
inconsistent response numbers. The fact that the percentage of inconsistent answers (76%) is higher
than the percentage of consistent answers (24%), which indicates that this difference is in favor of the
number of inconsistent answers.

Discussion & Conclusion

Within the frame of the first research question, the students’ cognitive structures for rotation,
revolution, daily and annual movement of the Earth were examined in terms of the consistency of their
answers to different questions for the relevant dimensions.While the concept of consistency represents
a theory-like theory of conceptual change, the concept of inconsistency refers to the knowledge in
pieces structure conceptual change theory.

In the findings obtained from the knowledge structure test about the concept of rotation, the
number of students who gave inconsistent answers was 57 (76%), and the number of students who gave
consistent answers was 18 (24%) (Table 3). In the interviews about the concept of revolution, the
number of students who gave inconsistent answers was nine (81.8%), and the number of students who
gave consistent answers was two (18.2%) (Table 4). Findings obtained from the knowledge structure test
and findings obtained from semi-structured interviews are compatible with each other. According to the
findings, it can be stated that a large percentage of the students’ participating in the study are
cognitively inconsistent regarding the concept of rotation. For example; S7 stated the movement of
whirling dervishes as rotation; however, when he was asked to give an example of the rotational
movement, he stated that they made a rotational movement in the plays "Drop the Handkerchief and
Musical Chairs". Based on the quotation, it can be stated that S7's responses are in cognitive
inconsistency. The findings are closely related to the nature of the phenomena that constitute the
subject of the teaching activity and the fact that they belong to the earth of astronomical or
astrophysical magnitudes (Halloun, 2006; Vosniadou, 2007).It is not possible for students to establish a
relationship with the earth of astrophysical magnitudes (Halloun, 2006) based on their close or direct
experiences and direct (demonstrative) data. Such that; ontologically, data on the earth of astrophysical
magnitudes are provided indirectly. The conceptualizations created based on non-demonstrative data
are mostly theoretical conceptualizations that use the formal language of mathematics (Lawson, 1995).
According to Piaget's cognitive development theory; it is highly probable that students in cognitively
preoperational and concrete operational periods will develop ideas that can be described as non-
scientific naive theories, misconceptions, alternative concepts and phenomenological primitives after a
teaching process aimed at theoretical conceptualizations (Apaydin, 2014, 2020; Apaydin et al., 2018).
When the findings of our study are evaluated directly within the scope of our research question, the
knowledge structures in students are more than theory-like knowledge structure theory; it is possible to
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state that it is suitable for the knowledge in pieces structure theory. The reason why we came to such a
result; It is because most of the participants gave inconsistent responses to the same topic. This
situation refers to cognitive inconsistency according to diSessa (1993, 2002) and diSessa & Sherin (1998).
While our research question does not focus on typical phenomenological primitives or structures of
thought, it is also possible that students were guided by phenomenological primitives inherent in the
fragmented knowledge structure.

In the findings obtained from the knowledge structure test regarding the concept of revolution, the
number of students who gave inconsistent responses was found to be 55 (73.3%), and the number of
students who gave consistent answers was 20 (26.7%) (Table 3). In the semi-structured interviews
conducted for the concept of revolution, the number of students with inconsistent responses was found
to be eight (72.7%), and the number of students with consistent responses to three (27.3%) (Table 4).
The findings obtained from the knowledge structure test are in parallel with the findings obtained from
semi-structured interviews. In line with the relevant findings, it is possible to say that the students
participating in the research are in a cognitive inconsistency. In addition, as seen in the research
findings, S20 asked, "What is it called the movement of the toy train around its child sitting on circular
rails?" the question has been asked; the student gave the concept of revolution correctly in his answer.
However, when an explanation about the concept of revolution was requested, he explained this
concept with the concept of rotation. In addition, when the student named S20 was asked to give
another example of the concept of revolution, he gave the movement of the hour, minute and second
hand in the watch as an example of the concept of revolution. These answers given by the student
named S20 are proof that the student is in a cognitive inconsistency. The fact that the findings about the
revolution phenomenon are compatible with the students thoughts about the rotation phenomenon
can be attributed to the similar pedagogical reasons mentioned above.

In the findings obtained from the information structure test for the daily movement of the earth, the
number of students who gave inconsistent responses was determined as 54 (72%), and the number of
students with consistent answers was determined as 21 (28%) (Table 5). The number of students with
inconsistent responses obtained from semi-structured interviews regarding the daily movement of the
earth was determined as seven (63.6%), and the number of students with consistent responses was
determined as four (36.4%) (Table 6). Findings obtained from the knowledge structure test overlap with
the findings obtained from semi-structured interviews. In terms of the aforementioned findings, it can
be stated that the students participating in the research have a cognitive inconsistency. Was asked to
the student named S2 who was given in the findings of the study the question of "Can you give an
example of one of the results of the daily movement of the earth?". Student: "It occurs night and day."
gave the answer and answered the question correctly.However, when asked to make a statement about
the formation of day and night: "When the Earth turns, one side looks at the Sun, it becomes day, and
the other side looks at the Moon becomes night." made explanations.In addition: "Can we give an
example of the daily movement of the Earth, the rising of the sun in the east and the setting in the
west?" question was asked.The student asked the question: "No, because it is the result of the Earth's
movement around the Sun." replied in the form.The quotations reveal that the student exhibits a
cognitive inconsistency in his answers. This research finding confirms our evaluations above.

In the findings obtained from the information structure test for the annual movement of the earth,
the number of students who gave inconsistent responses to the annual movement of the earth was 57
(76%), and the number of students who gave consistent responses was 18 (24%) (Table 5). According to
the findings obtained from semi-structured interviews about the annual movement of the earth, the
number of students who gave inconsistent responses to the annual movement of the earth was seven
(63.6%), and the number of students who gave a consistent response was four (36.4%)(Table 6). The
findings obtained from the knowledge structure test and the findings obtained from semi-structured
interviews support each other. According to the aforementioned findings, it can be stated that students
are inconsistent cognitively with the concept of rotation. To the student named S55: "Can you give an
example of one of the results of the annual movement of the earth?" the question has been posed.
Student: "Seasons occur." He answered the question correctly by answering. However, when asked for
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an explanation about the formation of the seasons, the answer: "When the Earth rotates around the
Sun, it becomes summer when it approaches the Sun. It's spring when you get a little closer. When it
comes a little closer it will be autumn. When the Earth goes the furthest from the Sun, it becomes
winter. At the end of this, the seasons are formed." statement has come.In addition to the student: "Can
you give another example of the annual motion of the sun?" The question has been posed. Student: "It
is the succession of day and night." gave the answer. These answers of students are important
qualitative findings that exhibit cognitive inconsistency.

Related to the second, third, fourth and fifth questions of the research, a significant difference was
determined in the findings regarding the number of consistent answers and the number of inconsistent
answers of students for rotation, revolution, the daily motion of the Earth and the movement of the
Earth around the Sun (X?=24.653, p<0.05; X?=20.280, p<0.05; X?=22.413, p<0.05; X?=27.000, p<0.05).
The fact that the percentage of inconsistent responses (72%; 73.3%; 72%; 76%) is higher than the
percentage of consistent responses (28%; 26.7%; 28%; 24%) indicates that this difference is in favor of
inconsistent response numbers (Table 6, Table 7, Table 8, Table 9, Table 10).

When the students’ answers to the research questions associated with rotation, revolution, Earth's
daily movement and Earth's annual movement components and analysis results are evaluated together,
it is seen that the majority of the students’ findings regarding all dimensions exhibits cognitive
inconsistency. In terms of all dimensions, the findings are in harmony with diSessa’s knowledge in pieces
structure theory. In this context, as stated above, it can be argued that students’ responses to all
dimensions may be guided by phenomenological primitives (diSessa, 2002, 2008). In our research,
questions representing each phenomenon with different examples were asked through the information
structure test and semi-structured interview form about the phenomena of rotation, revolution, daily
and annual movements of the earth. To sum up, as similar answers could not be given to different
questions representing the relevant facts, it was evaluated that the participants were in a cognitive
inconsistency. Studies that have parallel results to our research findings in the literature are given
below.

Ozcan & Birgin (2021) and Tiirk & Kalkan (2018) state that students confuse the concept of rotation
with the concept of revolution.They state that students use the concept of revolution instead of the
concept of rotation, and the concept of rotation instead of the concept of revolution. In other words,
the relevant research findings support our research findings referring to the fact that students are in a
cognitive inconsistency.

Ozdemir (2007) examined the knowledge structures of eight students between the ages of nine and
eleven on the concept of force. He found an inconsistency in the comments of six students regarding the
concept of force. In his longitudinal research, Clark (2006) analyzed the students’ knowledge structures
regarding the concept of thermal equilibrium within the 8th grade thermodynamics unit. As a result of
the research, starting from the information structures of the students that are not connected to each
other and independent from the context; it found that it developed towards integrated and semi-
consistent perspectives.

Apaydin (2014) examined the knowledge structures of middle school students regarding buoyancy in
his research. It was observed that all 8 students gave inconsistent answers to the first question set, and
the other participants except two students to the second question set. Ozdemir (2018) examined the
knowledge structures of one hundred and twenty-seven middle school students regarding the concepts
of boiling and evaporation. The answers given by the students to the thirteen question sets were
analyzed in five different categories; it was determined that the knowledge structures of the
participants about the concepts of evaporation and boiling were inconsistent.

Khishfe (2017) examined the consistency of high school students’ responses to question sets
consisting of different scientific and socio-scientific contexts. The research was conducted with a total of
261 high school students from eight different schools in Lebanon.The findings revealed that the views of
all participants on the highlighted different dimensions of science were mostly inconsistent. The striking
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situation here is; it is the fact that all of the concepts subject to research in the studies given as
reference consist of theoretical concepts. The conceptual theme that constitutes the subject of our
study also has a theoretical quality belonging to the earth of astrophysical magnitudes. As given above,
the conceptualizations of astrophysical or micro-magnitudes are of a theoretical nature; In particular,
they can be considered as concepts outside of the actual cognitive competence of primary school
students (Apaydin, 2014, 2018, 2020; Lawson, 1995).

The language used in the recording of theoretical concepts as data, in the introduction of the
literature, in the transmission of science to the society, and ultimately in the creation of the content of
the textbooks, is the formal language. According to Haloun (2006), the language that should be used
when teaching science is the nominal language, especially in primary and preschool groups in terms of
cognitive development levels. Nominal language is a language related to the descriptive conceptual level
and serves the theoretical concepts to acquire a language form suitable for the cognitive level. Such a
situation may prepare a ground for reducing the formation of inconsistent knowledge structures and
alternative concepts in students. However, in the naive structuring of theoretical concepts, it is not
possible to provide an instantaneous and sudden cognitive consistency due to the nature of conceptual
change (diSessa, 1993, 2002, 2008; Vosniadou, 1991). So, with an evaluation within the scope of our
study; Especially at primary school level, if theoretical concepts, which are the formal language in
science, are to be taught, the conceptualization of these issues should be directly associated with data;
It is very important to bring the relevant theoretical concepts to the descriptive level and therefore to
keep the language at a nominal level (Kampeza & Ravanis, 2012).

As a matter of fact, Kampeza & Ravanis (2012), in their studies on the shape of our planet, which is
an astrophysical magnitude and completely compatible with our research subject, have succeeded in
bringing the level of theoretical conceptualization to the descriptive level and they have made a great
contribution to students learning the shape of the Earth in a meaningful way by using nominal language.
Findings of our study; it is thought to be a source of inspiration for studies that suggest that learning-
teaching environments should be designed as Kampeza and Ravanis suggested.

In line with the findings obtained from the research, activities that will facilitate the identification of
students knowledge structures can be included in the course books at the beginning of the unit. In-
service trainings can be provided to develop teachers' skills in determining students’ knowledge
structures and preparing lesson environments suitable for cognitive level. There are few studies in the
literature in Turkey that examine the knowledge structure of students. For this reason, it can be
encouraged to carry out studies examining the knowledge structures of students in different science
lesson subjects.
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Tiirkge Siirimui

Girig

Temel egitim 6grencileri igin fen 6gretimindeki doga bilimleri kavramlarinin anlamh bir dizeyde
dgrenilmesi, 6nemli bir kazanimdir. Ogrencilerin anlamli 6grenmeyi gerceklestirmesinde etkili olan
unsurlardan birisi de onlarin giinliik yasantilari sonucu olusturdugu 6n kavramlardir. Ogrenciler, farkli
cevre ve yasantilara bagl olarak olusturduklari 6n kavramlarla formel egitim kurumlarina gelmektedirler
(Celikler ve Kara, 2016; llyas ve Saeed, 2018; Limon ve Mason, 2002). Bu baglamda gilinlimizde,
kavramsal degisim teorileri; 6grencilerin 6n kavramlari ile formel ortamda 6grendikleri kavramlari
iliskilendirmeleriyle anlamli 6grenmenin gergeklesebilecegini vurgulamaktadirlar (Ecevit ve Simsek,
2017; Oberio, 2017; Winarso ve Toheri, 2017). On kavramlar genellikle bilimsel kavramlardan daha az
mantikli ve daha az tutarlidir (diSessa, 2004; llyas ve Saeed, 2018; Kandemir ve Apaydin, 2020; Yagbasan
ve Giilgigek, 2003). On kavramlarin, gogu zaman dgrenme siirecine olumsuz etkisi de sz konusu olabilir
(Cepni, 2016; Thompson ve Sue, 2006). Bundan dolayi formel ortamda 6grenilecek olan konulara yonelik
o6n kavramlarin, bir siire¢ icinde bilimsel agiklamalarla uygun bir bicimde iliskilendirilmesi, anlamli
0grenme igin bir zorunluluktur. Bu agiklamalardan hareketle 6grenme sireglerinin anlamh 6grenmeyle
sonuglanmasinda kavramsal degisim teorilerinin 6nemi buyuktir (Cepni, 2016; Oberio, 2017; Vasniadou
ve Skopeliti, 2014).

Kavramsal degisim sireci, gunlik yasamla iligkili ve 0zellikle teorik nitelikteki kavramlarin
ogretilmesinde son derece 6nemli bir yer tutar (Nadelson ve ark., 2018). Fen bilimleri dersinin 6gretim
iceriginde yer alan bircok kavram birbiriyle iliskilidir. ilgili kavramlar birbirlerine &n bilgi olusturur ve
anlamh 6grenmede etkilidir (Cepni, 2016). Bundan dolayi fen bilimleri iceriginin, ¢cok yonli kavramsal
iliskileri dikkate alinarak bir 6gretme-6grenme sireci tasarlanmalidir (diSessa, 2014; Posner ve ark.,
1982; Vosniadou, 2012). Ozellikle sema yaklasiminin etkisi altindaki teori benzeri bilgi yapisi teorisine
gore (Vosniadou, 2012), 6grencilerin fen bilimlerine ait 6n kavramlari bilimsel bilginin 6grenilmesine dair
tezat bir durum ortaya ¢ikardiginda, diger bir ifadeyle yeni kavramin 6grenimini zorlastirdiginda
kavramsal degisim zorunlu hale gelmektedir (Vamvakoussi, 2017). Bunun disinda 6grencilerin 6n
kavramlarinin teori niteligi tasimayan bilgi parcalari seklinde oldugunu ileri siiren pargali bilgi yapisi
teorisine gore de Ogrencilerin 6n kavramlarinin bilimsel kavramlarla iliskilendirilmesi ve bir silreg
dahilinde yeni bilgi yapilarinin dizenlenmesi oldukg¢a 6nemlidir (diSessa, 2014).

Kavramsal degisimi ve gelisimi, tarihi bir perspektiften inceledigimizde; siirecin 6ncelikle Piaget'nin
bilissel catisma teorisiyle iliskilendirilebilecegini belirtmek gerekir (Heyd-Metzuyanim ve Schwarz, 2017).
Kavramsal degisim ile ilgili arastirmalar 1980’lerde hiz kazansa da 1990’h yillarda biraz yavaglamistir
(diSessa, 2014; Duit ve ark., 2013). Bununla birlikte fen 6greniminde kavramsal degisim dustincesi, ilk kez
Posner ve arkadaslari (1982) tarafindan ortaya atilmistir (Vosniadou, 2012). Kavramsal degisim, farkh
teorik gcerceveler ve modeller ortaya gikaran birgok arastirmanin da merkezinde yer almistir. Son elli yillik
arastirma bulgulari; 6grencilerin 6gretimden Once, slire¢ sonunda kazanacaklari kavramlara iliskin
formel-bilimsel bilginin aksi yonde diisiincelere sahip olduklarini géstermektedir (Duit ve Treagust, 2003;
Turceotte, 2012). Fen bilimleri dersine yonelik bircok arastirma, geleneksel alan yazinda kavram
yanilgilari diye adlandirilan bu 6n kavramlarin, 6grenciye kazandirilacak olan bilimsel kavramlarin
ogretimini giglestirdigi ve zorluklarin nasil asilabilecegi tizerine odaklanmistir. Bu ¢alismalarda, Apaydin
(2014), suyun kaldirma kuvveti; Apaydin ve arkadaslari (2014) isik; Apaydin ve arkadaslari (2018) fiziksel
ve kimyasal degisim; Chi (2005) dolasim sistemi; diSessa (1982) kuvvet, ivme ve hiz; loannides ve
Vosniadou (2002), kuvvet; Vasniadou ve Brewer (1992), Dinya’nin sekli kavramlarina yonelik
o6grencilerin bilgi yapilarini incelemislerdir. Alan yazinda, 6grencilerde meydana gelen kavramsal
degisimin dogasina iliskin farkli kavramsal degisim teorilerine gore, farkh degerlendirmeler yapilmistir.
Mevcut arastirmanin kapsami dahilinde, bazi galismalar asagida verilmistir.

Buna gore Posner ve arkadaslari (1982), 6grencilerin kavramsal degisim stirecini bilim insanlarinin
kavramsal degisim siirecine benzetmislerdir. ilgili teorik aciklama baglaminda, &grencilerin 6n
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kavramlarini terk etmeleri igin iyi nedenlere sahip olmasi gerektigine dikkat ¢ekilmistir. Aksi takdirde
arastirmacilar, 6grencilerin 6n kavramlarini siirdirmeye devam edeceklerini belirtmiglerdir. Yine bu
teorik yaklasima gore, 6grencilerde kavramsal degisimin gerceklesmesi, 6n kavramlarin yetersizliginin
fark edilmesi ve memnuniyetsizligin olusmasina; yeni kavramlarin anlasilir, akla yatkin ve verimli
olmasina baghdir. Diger bir ifadeyle 6grenciler 6zgiin bir problemle karsilastiginda, probleme yoénelik 6n
kavramlarinin yetersiz kalip memnuniyetsizligin ortaya ¢ikmasinin ardindan, yeni kavramin 6grencilere
anlasilir gelmesi ve sadece ilgili probleme degil gelecekteki benzer problemlere de ¢6ziim uretebilmesi
gibi kosullarin saglanmasi kavramsal degisim igin bir zorunluluktur. Yukarida da belirtildigi gibi Posner ve
arkadaslari (1982) Piaget'nin etkisi altinda olup asagidaki yazarlardan Vosniadou'nun teori benzeri bilgi
yapisi teorisi ekoliiniin dncdilleri sayilabilirler.

Bu baglamda, teori benzeri (sentetik) kavramsal degisim teorisi, Piaget'nin bilissel gelisim teorisinde
yer alan sema kavramina dayanmaktadir. Vasniadou ve Skopeliti'ye (2014) gore, 6grenciler glinlik
deneyimlerine bagl olarak birtakim naif teoriler olustururlar. Naif teorilerle okula gelen 6grenciler,
okulda bilimsel bilgilerle karsilasirlar; bu durum, zihinsel olarak bir tutarsizlik ve Piaget'ye atfen bilissel
bir dengesizlik olusturur. Ogrenci tekrar zihinsel dengeyi saglama adina bilimsel bilgilerle kendi naif
bilgilerini birlestirir. Bu birlestirme sonucu, sentetik ya da melez olarak nitelendirebilecek bilgi yapilari
ortaya c¢ikar. Bu teori 6grencilerin belirli biligsel donemler igin bilgi yapilarinin genellikle tutarh, bir
bitiinliik icinde, zihinsel dengeyi saglamis olarak var olduklarina dikkat cekmektedir. ilgili teori ayrica,
kavramsal degisimin kademeli ve uzun bir slre¢ olduguna; bunun icin 6grencide ontolojik, temsili ve
epistemolojik degisikliklerin gerekliligine dikkat cekmektedir. Bunun yani sira teori, kavramsal degisimin
bir sire¢ olmakla beraber, yapisal olarak tipki bir yer degistirme yani slire¢ sonunda eski kavramin
birakilp yeni kavramin yerine gectigi devrimsel bir yoninin oldugunu da ileri siirmektedir. Peki,
"kavramsal degisim, sadece semaci ve dolayisiyla teori benzeri bilgi yapisi teorisiyle mi agiklanabilir?"
sorusu 6nem arz etmektedir. Bu sorunun yaniti dogal olarak "hayir'"dir. Boylesi bir yanit bizi, par¢a
nitelikli bilgi yapisi teorisi basta olmak (izere diger teorileri de daha yakindan irdelemeye
yonlendirmektedir.

Parga nitelikli bilgi yapisi teorisine gore; 6grencilerin giinliik deneyimleri sonucunda elde ettikleri bilgi
yapilari parcal, butiinlikten uzak ve yari bagimsizdir. Bu bilgi yapilari gorlingtbilimsel ilkseller (g-
ilkselller-phenomenological primitives/p-prims) olarak adlandirilirlar (diSessa, 2014). Bilgi yapilari
birbirlerine zayif bilissel aglarla baghdirlar. Mevcut bilgi yapilar birbirlerini tamamlama 6zelliginden uzak
oldugu igin, 6grenciye bir konu ile ilgili farkh baglamlarda sorular soruldugunda; cevaplarda tutarsizhk
ortaya cikmaktadir (Ozdemir, 2007). Tabii ki, 6zellikle 8grenci konumundaki bireyler icin bilgi yapilari
baslangicta tutarsizdirlar; ancak 6grencilerin bilgi birikimleri arttikca, bazi bilgi parcalari pasiflesir veya
aktiflesir; bazi parcalar eklenir ve bdylece bazi bilgi parcalar digerlerine gére daha 6nemli statiiye
kavusurlar. Sonug olarak 6grencilerin bilgi yapilari, zamanla bilimsel olana yaklastigi 6lctide bitlnlik arz
eden yapilara doniserek tutarli hale birinebilirler. Buna goére, kavramsal degisim devrimsel nitelikten
daha ¢ok, evrimsel ve uzun asamali bir siireg olup aslinda yeniden bir bilgi diizenlenmesine isaret eder
(diSessa, 2008; Ozdemir, 2007).

Alan yazindaki diger teorilerden birinde ise kavramsal degisim ontoloji temelinde agiklanmistir. Bu
teoriye gore kavramsal degisim, ontolojik olarak yanls kategoriye atanmis bir kavrami, dogru kategoriye
atama islemi olarak tanimlanmistir. S6z konusu teoride, bireylerin kavram 06grenimi esnasinda,
kavramlari yanlis kategorilere atamalari sonucunda, kavram yanilgilarinin ya da diger bir ifadeyle yanhs
ontolojik kategorilerin ortaya ciktigi vurgulanmistir (Chi ve Roscoe, 2002). ilgili teorik yaklasim,
kavramsal degisimi ani bir degisim olarak ifade etmektedir (Vosniadou, 1999). Ayrica fiziksel evrendeki
varliklar;; madde, slire¢ ve zihinsel durumlar gibi tg¢ farkli ontolojik kategoride incelemekte ve fen
ogretiminin de bu kategorilere gore tasarlanmasi gerektigini ima etmektedir (Chi ve ark., 1994). Yine
teoriye gore, fen bilimlerinde yer alan kavramlari 6grenmek oldukca zor bir degisime gonderme
yapmaktadir. Bu yaklasim deneysel etkinliklerin zihinsel olarak kategorilendirilmelerinin, titizlikle dikkate
alinmasi gerekliligini 6ncelemektedir. Clinkli fen kavramlarinin 6grenilmesi, gercekte kategoriler arasi
degisimden baska bir sey degildir (Turceotte, 2012).
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Bir diger populer yaklagim olarak Roschelle (1992), kavramsal degisime yakinsak kavramsal degisim
teorisi ile katki sunmustur. Bu model is birliginin kavramsal degisime entegre edilmesiyle meydana
gelmistir. Roschell, kavramsal degisimin bir problem ¢6zme faaliyetine, is birligine dayal katilimla
kademeli ve etkilesim icinde gergeklestirildigine dikkat ¢ekmistir. Bunun yani sira yazar, diSessa gibi
bilginin pargali oldugunu; bilissel olarak derinligine bir anlayis durumunu temsil eden bilgi yapisinin insa
edilmesinde, metaforlarin kullanilmasi gerektigini belirtmektedir (Turceotte, 2012)

Bir diger kavramsal degisim teorisi yeniden yapilandirma teorisidir. Bu teoriye gore, Piaget’in biligsel
gelisim teorisinin aksine, kavramsal degisim evrensel bir genellemeyle agiklanamaz. Bu yaklagimin
yerine, ilgili teoride, kavramsal degisimin alana 6zgi yeniden yapilandirma olarak dislinilmesi gerektigi
vurgulanmaktadir. Bundan dolayi naif bilgi yapilarinin yeniden yapilandiriimasi, 6grencilerin bireysel
deneyimleri ve bilgi birikimleriyle dogrudan iliskilidir. Bu sekilde, 6grencilerin naif bilgi yapilarini, bilimsel
olarak dogru kabul edilen kavramsal bilgi yapilariyla degistirdikleri belirtilmistir (Carey, 1999). Carey'nin
yeniden yapilandirma teorisinde, ¢cocuklara ve yetiskinlere ait bilgi yapilarinin es-6l¢tilemez oldugu ve bu
bilgi yapilarinin karsilastiramayacag fikri (izerine odaklanilmistir (Carey, 1985). ilgili teoride kavramsal
degisimin zayif ve radikal (gui¢lii) olmak tizere iki gesit oldugu aktarilmistir. Bu baglamda, zayif yeniden
yapilandirma asimilasyon kavramiyla, gl¢li yeniden yapilandirma ise uyum kavramiyla iliskilendirilebilir
(Duit ve Treagust, 2003). Buraya kadar ifade edilenlerden de anlasilacagi gibi, alan yazinda birgok
kavramsal degisim teorisi olmasina ragmen arastirmalar en ¢ok parca nitelikli bilgi yapisi teorisi ve teori
benzeri kavramsal degisim teorisi zerine yogunlasmistir. Bu nedenle arastirmada dénme, dolanma,
Danya’nin gilinlik ve Gines etrafinda yaptigl hareketlerine yonelik bilgi yapilari parca nitelikli bilgi yapisi
teorisi ve teori benzeri kavramsal degisim teorisine gore ele alinmistir.

Dinya’nin kendi ekseni etrafindaki hareketi ve Diinya’nin Gines etrafindaki hareketi, donme ve
dolanma kavramlari farkli kademelerde tekrar tekrar islenmektedir (Milli Egitim Bakanhgi (MEB), 2018).
Buna ragmen 6grencilerde bilimsel olarak tutarli ve anlamli 6g§renme istenilen seviyeye ulagamamistir
(Oh ve ark., 2017; Ozcan ve Birgin, 2021; Tirk ve ark., 2012). Alan yazindaki bulgulardan hareketle,
ogrencilerin 6gretim ortamina getirdikleri 6n kavramlarin anlamli 6grenme icin oldukca 6nemli oldugu
vurgulanabilir. Ogrencilerin sahip oldugu 6n kavramlarin, kavramsal degisim teorilerine gére incelenmesi
ve bu dogrultuda egitim ve 0gretim sirecinin planlanmasi, ilgili kavramlarin anlamli bir sekilde
Ogrenilmesi adina dnemlidir. Ayrica Tirkiye’de alan yazinda 6grencilerin bilgi yapilarinin kavramsal
degisim teorilerine gore incelenmesine yonelik arastirmalarin azhgr da dikkat gekmektedir (Apaydin,
2020, 2014; Ozdemir, 2007; Ozdemir ve Clark, 2009). Calismanin, alan yazina bu yéniiyle katkida
bulunmasi beklenmektedir. Ayrica ¢alismanin, 6gretmenlerin egitim ve 6gretim sirecini planlamalarina
ve O6gretim programlarinin hazirlanmasi siirecine katki saglamasi da bir diger yarar olarak ileri strulebilir.
Tim bu agiklananlar dahilinde, arastirmada ilkokul 6grencilerinin Diinya’nin hareketlerine yonelik bilgi
yapilarinin analiz edilmesi amacglanmaktadir. Arastirma sorulari asagida verilmistir.

1. Ogrencilerin dénme, dolanma, Diinya’nin giinliik ve Giines etrafinda yaptig hareketlerine yénelik
bilgi yapilari, teori benzeri kavramsal degisim teorisine gore tutarl mi; yoksa parga nitelikli kavramsal
degisim teorisine gore tutarsiz midir?

2. Ogrencilerin dénme kavramina iliskin tutarli yanit sayisi ile tutarsiz yanit sayisi arasinda anlamli bir
farkhhk var midir?

3. Ogrencilerin dolanma kavramina iliskin tutarli yanit sayisi ile tutarsiz yanit sayisi arasinda anlamli
bir farkllik var midir?

4. Ogrencilerin Diinya’nin dénme hareketine iliskin tutarli yanit sayisi ile tutarsiz yanit sayisi arasinda
anlamli bir farklilik var midir?

5. Ogrencilerin Diinya’nin dolanma hareketine iliskin tutarli yanit sayisi ile tutarsiz yanit sayis
arasinda anlamli bir farklilik var midir?
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Yontem

Arastirma, nitel ve nicel arastirma yontemlerinin bir arada kullanildig karma yontem desenlerinden
biri olan gémiilii desene gore tasarlanmistir. ilgili yéntemde nitel ya da nicel yéntemlerden biri digerine
gore daha az agirliktadir. Diger bir ifadeyle yontemlerin arastirmaya katkisi esit diizeyde degildir. Bu
arastirmada ise nicel yontemin katkisi nitel yontemden daha fazladir. Bahsi gecen desende nicel
yontemlerle toplanan veriler nitel yontemlerle desteklenir, agiklanir ve 6rneklendirilir. Cevremizde yer
alan olgularin ¢ok karmasik olmasi karma yontemi gerekli kilmaktadir. Bu nedenle olgulari anlamak adina
¢oklu yontemler kullanilmalidir. Karma yontem ile olgularin hem nitel boyutu hem de nicel boyutu ele
alinarak derinlemesine ve ayrintili bir inceleme yapmak muimkindir. Karma yéntem ayrica farkh
yontemlerden elde edilen verilerin destekleyici dogrulama amaciyla kullanilmasina da olanak tanir. Bu
bakimdan 6zellikle sosyal bilimler alanindaki ¢alismalarin giivenirliginin arttirlmasinda oldukg¢a 6nemlidir
(Yildirim ve Simsek, 2016).

Katilimcilar

Arastirma Marmara bolgesinde, nifus yogunluguna gore orta olgekli bir ilin bir ilgesinde, dérdinci
sinifta 6grenim goren 75 6grencinin katihmi ile 2019-2020 egitim ve 6gretim yilinda gergeklestirilmistir.
Katihmcilarin  belirlenmesinde amagsal o6rnekleme yontemlerinden biri olan 06l¢lit 6rnekleme
kullanilmigtir. Amagsal 6rneklem yontemi durumlar hakkinda derinlemesine arastirma yapma imkani
tanir. Olgiit 6rnekleme yénteminde belirli 6zellikleri tasiyan bireyler érnekleme alinirlar. Amagsal
ornekleme yontemi calismanin amacina bagh olarak bilgi agisindan zengin durumlarin segilerek
derinlemesine arastirma yapilmasina olanak saglar. Belirli 6lcutleri karsilayan veya belirli 6zelliklere sahip
olan bir veya daha fazla 6zel durumlarla cgalisiimak istendiginde tercih edilir. Arastirmaci secilen
durumlar baglaminda doga ve toplum olaylarini ya da olgulari anlamaya ve bunlar arasindaki iliskileri
kesfetmeye ve acgiklamaya c¢alisir. Bir arastirmada gozlem birimleri belirli niteliklere sahip kisiler, olaylar,
nesneler ya da durumlardan olusturulabilir. Bu durumda 6rneklem igin belirlenen olgiti karsilayan
birimler 6rnekleme alinirlar (Buylkoztirk ve ark. 2016). Katilimcilar, orta akademik basarida olma ve
orta sosyoekonomik diizeyde olma oOlgltlerine gore belirlenmistir. Bunun nedeni sosyal g¢evrenin ve
akademik basarinin 6grencilerin bilgi yapilarini etkileyebilmesidir. Arastirmada once ilge genelindeki
okullardan ortasosyoekonomik diizeyde okullar belirlenmistir. Sonra belirlenen okullar iginde basari
diizeyi orta diizeyde olan okulllar tespit edilmistir. Daha sonra belirlenen okullar igin kura ustli bir okul
belirlenmistir. Sonunda belirlenen okulda 6gretmenlerin gorlsi ile o6grenciler g¢alismaya dahil
edilmislerdir. Bilgi yapisi testi uygulanan okullar akademik basari diizeyi olarak ve sosyoekonomik olarak
orta diizeye sahip okullardir. Ailelerin sosyoekonomik diizeyi belirlenmesinde TUIK 2021 verileri
kullanilmistir (Tirkiye istatistik Kurumu (TUIK), 2021). Bilgi yapisi testinin uygulamasindan sonra
goriisme yapilacak bireyler belirlenmistir. Gérisme yapilacak 6grencilerin belirlenmesinde, gerekli
bilgiler sinif 6gretmenlerinden alinarak akademik basari diizeyi olarak orta diizeyde olmasi, girisken
olmasi ve iletisim becerilerinin yiiksek olmasi gibi 6lglitler kullanilmistir. Bu élgitler, uygun nitelikteki
dgrencilerin katihmci olmasini saglamistir. Ogrencilerde girisken olmasi ve iletisim becerilerinin yiiksek
olmasi gibi o6zelliklerin aranmasindaki neden, arastirma konusuna iliskin derinlemesine ve ayrinth
verilerin elde edilmesine katki sunmaktir.

Veri Toplama Araglari

Arastirmada veriler, yazarlar tarafindan gelistirilen bilgi yapisi testi ve yari yapilandirilmis gériisme
formu araciligi ile toplanmustir. Bilgi yapisi testi parca nitelikli kavramsal degisim teorisi ve teori nitelikli
kavramsal degisim teorisine uygun olarak hazirlanmistir. Bu veri toplama araclari gelistirilirken asagidaki
asamalar uygulanmistir.

1. Bilgi yapisi testi: ilk olarak alan yazin taranmis konu ile ilgili 6rnek calismalar incelenmistir
(Apaydin, 2020; Chi ve Roscoe, 2002; diSessa, 2014; Ozdemir, 2007; Vosniadou ve Skopeliti, 2014).
Ardindan belirtke tablosu hazirlanip konuyla ilgili kazanimlarin her biriyle ilgili en az 4 soru olmak Uzere
toplam 15 tane dogru yanlis testi ve 6 tane agik uglu soru hazirlanmistir (MEB, 2018). Hazirlanan taslak
sorular ile ilgili 3 fen egitimi ve 1 6lgme ve degerlendirme uzmanindan goéris alinmistir. Uzman gorisleri
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dogrultusunda gerekli diizeltmeler yapilmistir. Taslak olarak hazir olan 21 tane maddeden olusan form
pilot uygulama asamasi dncesinde 10 6grenciye okutulup anlasilir oldugu yoniinde dénutler alinmigtir.
Sonra dordinci sinifa devam eden 200 Ogrenciye uygulanmistir. Dogru yanhs test maddelerinin,
dogruysa neden dogru, yanlis ise neden yanhs oldugunun 6grenciler tarafindan agiklanmasi istenmistir.
Ogrenci dogru yanit vermis fakat nedenini yanls aciklamissa cevap yanlis sayilmistir. Dogru yanlis test
maddelerin puanlanmasinda dogru cevaba 1 puan yanls cevaba ise 0 puan verilmistir. Acik uclu
sorularin hesaplanmasinda dogru cevaba 2 puan, kismen dogru cevaba 1 puan, yanlis cevaba ise 0 puan
verilmistir. Yanit kagitlarinin puanlanmasinin ardindan en yiksek puandan en disiuk puana dogru
puanlar siralanip en yiiksek puan grubunun % 27’si ve en diisiik puan grubunun % 27’si alinarak gerekli
test ve madde analizleri yapilmistir. Dogru yanlis test maddeleri madde glglik indeksi .45 ile .63
arasinda olan maddeler ile madde ayirt edicilik indeksi .68 ile .90 arasinda olan maddeler tercih
edilmistir. Acik uclu soru maddeleri madde giigliik indeksi .35 ile .58 arasinda olan maddeler ile madde
ayirt edicilik indeksi .49 ile .58 arasinda maddeler tercih edilmistir (Tablo 1). Testin ortalama giiclik
diizeyi .55’tir. Dogru yanlis test maddelerinin KR-20 gilivenirligi .96, acik uclu soru maddelerinin cronbach
alfa giivenirlik katsayisi .86 olarak hesaplanmistir. Test, 9 adet dogru yanls maddesi (“Dogru ise neden?
“Yanlis ise neden?” gibi sorularla giglendirilmis) ve 4 adet agik uglu soru maddesi olmak (zere 13
maddeden olusmaktadir (EK-1) (Acar, 2018; Baykul ve Turgut, 2010; Buyukoztiirk, 2016; Karip, 2015).

Tablo 2.
Test Maddelerine lliskin Analiz Sonuclari

Soru No Pj Rjx
1* 0.45 0.68
2 0.62 0.75
3 0.63 0.72
4 0.61 0.77
5 0.61 0.77
6 0.57 0.85
7 0.56 0.87
8 0.58 0.83
9 0.54 0.90
10** 0.58 0.49
11 0.50 0.58
12 0.51 0.46
13 0.53 0.56

*1-9 arasi dogru yanlis test maddelerine iliskin analiz sonuglari
*#10-13 arasi aclk uglu sorulara iliskin test maddelerine analiz sonuglari

2. Goriisme formu: Form olusturma sirecinin ilk asamasinda, konuya ve soru formlarina yénelik alan
yazin taramas! yapilmistir (Apaydin ve ark., 2018; Chi ve Roscoe, 2002; diSessa, 2014; Ozdemir, 2018;
Vosniadou ve Skopeliti, 2014). Taslak olarak dénme, dolanma ve Dinya’nin sekli ve hareketleri ile ilgili
o6grencilerin bilgi yapilarini belirlemeye yonelik 4 kavrama iliskin 4 adet soru seti hazirlanmistir. Bu
asamadan sonra 3 fen egitimi ve 1 6lgme ve degerlendirme uzmanindan goéris alinmustir. Ardisik olarak
ilgili formda gerekli dizeltmeler yapilmistir. Olusturulan form, pilot uygulama asamasinda 31 6grenciye
okutulup anlasilir oldugu yoéniinde doénitler alinmistir. Boylece goriisme formu olusturma asamalari
tamamlanmistir.

Gorisme formu, Dinya’nin dénme, dolanma, giinlik ve vyillik hareketlerine yodnelik igerikten
olusmaktadir. Ogrencilere, ilgili kavramlara yénelik farkli sorular sorulmus ve onlardan, sorular arasinda
farklihk olup olmadigini; nedenlerini ve gerekgelerini sunarak agiklamalari istenmistir. Gorlismelerde
kavramlarla ilgili farkli 6rnekler haricinde, tiim kosullarin esit olmasina dikkat edilmistir. Bunun nedeni
gorusme kosullar (zaman, ortam sicakhgl vb) da 6grencilerin bilgi yapilarina iliskin ayrintili arastirma
yapmayi etkileyebilir. Gorlisme formunun icerigi asagida verilmistir.
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Donme (Rotation): Soru setinde dénme olayina iliskin farkli 6rnekler verilmistir. Farkli 6rneklerin,
ogrencilerin dénme kavramina iliskin yorumlarini nasil etkiledigi belirlenmek istenmistir.

Dolanma (Revolution): Bu soru setinde dolanma olayina iliskin farkli érnekler verilmistir. Farkl
orneklerin, 6grencilerin dolanma kavramina iliskin yorumlarini ne sekilde etkiledigi arastiriimak
istenmistir.

Diinya’nin giinliik hareketi ve sonuglari: Bu soru setinde Diinya’nin ginliik hareketine iliskin farkli
ornekler verilmistir. Farkh orneklerin, 6grencilerin Diinya’nin gunliik hareketine iliskin yorumlarini ne
sekilde etkiledigini irdelemek amaglanmistir.

Diinya’nin yilhik hareketi ve sonuglari: Bu soru setinde Diinya’nin yillik hareketine iliskin farkh
ornekler verilmistir. Farkli 6rneklerin, 6grencilerin Diinya’nin yillik hareketine iliskin yorumlarini nasil
etkiledigini irdelemek amaclanmistir. Gériisme formununun igerigine yonelilk bilimsel bilgiler asagidaki
tabloda verilmistir (Tablo 1).

Tablo 2.
Arastirma Kavramlarina Yénelik Formel-Bilimsel Aciklamalar (MEB, 2018; Ozcan ve Birgin, 2021; Yaman
ve ark., 2019)

D6énme Dolanma Diinya’nin ginliik

hareketi ve sonuglari

Dinya’nin yillik
hareketi ve sonuglari

Bir seyin kendi
ekseninde yaptigi
harekete dénme denir
(Tark Dil Kurumu (TDK),
2020). Bisiklet

Bir seyin gevresinde
yapilan harekete
dolanma denir (TDK,
2020). Sandalye
kapmaca oyununda

Diinya’nin kendi ekseni
etrafinda 24 saatte
tamamladigi donme
hareketidir. Sonuclari:
Gece glindiiz olusur ve

Dinya’nin Glines
etrafinda 365 giin 6
saatte tamamladigi
dolanma hareketidir.
Sonuglari: Mevsimlik

tekerleginin bir hat
boyunca ilerlerken
kendi ekseninde yaptigi
hareket,
razgargillerinin kendi

bireylerin sandalyeler
etrafinda yaptigi
hareket,

Diinya’nin giines
etrafindaki hareketi vb.

birbirini takip eder.
Glines dogudan dogar
ve batidan batar.
Glnes'in gériinen
konumu giin iginde

sicakhk farklari
meydana gelir.
Mevsimlerin olusmasini
ve degismesini saglar.
Dinya’nin Glnes’e gore

dolanma hareketine
ornek durumlardir.

konumu degisir.
Yil igcinde gece ve
glndiz sureleri
farklilasir.

degisir. Cisimlerin gin
icinde golge uzunluklar
ve yonleri degisir.

ekseni etrafinda yaptig
hareket, Dinya’nin
kendi ekseni etrafinda
yaptigl hareket vb.
dénme hareketine
ornek durumlardir.

Goriisme Formunun Gegerlik ve Giivenirlik Calismalari

Gériisme esnasinda &grencileri ydnlendirici her tiirlii ifadeden kaginilmistir. Ogrencilerle daha samimi
olmak adina arastirma oncesi U¢ ders saati ders Ogretmeni ile birlikte derse girilmistir. Yapilan
gorliismeler sohbet havasinda ve samimi bir ortamda gergeklesmistir. Asil gériismeler dncesi gériisme
formuna yoénelik pilot uygulama yapilmistir. Goriisme sirasinda elde edilen veriler dogrudan alinti
seklinde aktarilmistir. Bu yondeki uygulamalarin gergeklestiriimesindeki amag, i¢ givenirligi artirmaya
yoneliktir (Ozmen ve Karamustafaoglu, 2019). Verilerin toplanma ve analiz siirecinde, saglanan ham nitel
verilerin nasil birlestirildiginin ayrintili olarak verilmesi; dis glivenirligi arttirmaya yonelik bir girisimdir.
Gorismelerde siire sinirlamasina basvurulmamistir. Nicel olarak toplanan veriler, nitel olarak toplanan
verilerle karsilastirilarak dogrulanmistir. Her gorlismenin sonunda 6grencilere, elde edilen veriler
okunarak bunlarin dogruluguna iliskin dislinceleri alinmis ve eklemek istediklerinin olup olmadigi
sorulmustur. Gorisme esnasinda gerekli durumlarda katilimciya ek sorular sorularak (“Ne demek
istiyorsun?”, “Biraz daha agiklar misin?”) derinlemesine veri toplamak amaglanmistir. Ayrica katilimci
gorisme sirasinda arastirma sorularinin kapsami disina ¢iktiginda ek sorular sorularak arastirma
sorularinin teorik gergevesi icinde kalmasi saglanmistir. Bu uygulamalarin gergeklestiriimesindeki amag
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ise arastirmanin i¢ gegerligini arttirmaya yoneliktir. Ayrica arastirmada amagli érnekleme ydnteminin
kullanilmasi ve ayni zamanda arastirmanin tim asamalarinin ayrintili olarak verilmesi de dis gegerligi
arttirmaya yoneliktir (Yildirim ve Simsek, 2016).

Verilerin Toplanmasi

Arastirma verileri yari yapilandinilmis "bilgi yapilari gérisme formu" ile "bilgi yapisi testinin"
uygulanmasiyla elde edilmistir. Test birinci asamada 75 dordiinci sinif 6grencisine uygulanmistir.
Ardindan bu 6grenciler arasindan sinif 6gretmenlerinin 6nerileri dogrultusunda segilen 11 6grenci ile
gorismeler yapilmistir. Gortigmeler video ile kayit altina alinmis ve transkripsiyonu yapilmistir. Bu
arastirmada yapilan tiim islemler Ondokuz Mayis Universitesi Sosyal ve Beseri Bilimler Etik Kurulunun
25.12.2020 tarihli 2020/854 sayili etik kurul kararina istinaden yapilmistir.

Verilerin Analizi

Ogrencilerilerin konu ile ilgili sorulara vermis oldugu yanitlar tutarhlk gosterdigi durumlarda teori
benzeri kavramsal degisim teorisi kapsaminda degerlendirilmistir. Ogrencilerin konu ile ilgili sorulara
vermis oldugu yanitlar tutarsizlik gésterdigi durumlarda ise parga nitelikli bilgi yapisi teorisi kapsaminda
degerlendirilmistir. Tutarlik kavrami teori benzeri kavramsal degisim teorisini temsil ederken tutarsizlik
kavrami parga nitelikli bilgi yapisi teorisini temsil etmektedir. Analize baglamadan 6nce yanit kagitlari S1,
S2... S75 olarak adlandirilmistir. Katilimcilarin bilgi yapisi testine vermis olduklari yanitlar tutarl ise 1,
tutarsiz ise 0 verilerek veriler siniflandirihp analiz paket programina girilmistir. Arastirmada "bilgi yapisi
testinden" saglanan nicel verilerin analizinde Kay-Kare uyum iyiligi testi (X?), ylzde ve frekans
kullanilmistir. ilgili test siniflama &lcekleri ile elde edilen siireksiz kategorik degiskenlerle islem yapmaya
olanak taniyan parametrik olmayan test grubunda yer alan testlerden biridir. Kategorik bir degiskenin alt
kategorilerinde goézlenen frekanslar ile beklenen frekanslar arasinda anlaml bir fark olup olmadigini
ortaya koyar (Bursal, 2019; Taspinar, 2017). Gértisme formundan saglanan verilerin analizinde ise
betimsel analiz yontemi kullanilmistir. Video kayitlarinin transkripsiyonu da bu asamada yapilmistir.
Ardisik olarak veri analiz slirecine baslanmistir. Arastirmada elde edilen veriler teori nitelikli kavramsal
degisim teorisi (tutarli yanitlar) ve parca nitelikli kavramsal degisim teorisi (tutarsiz yanitlar) kapsaminda
diizenlenmistir. Ayrica bu analizde katilimcilarin gorislerini yansitmak amaciyla dogrudan alintilara yer
verilir. Analizde ilk dnce ¢ergeve olusturulur. Siirecin ikinci asamasinda, olusturulan bu cergeveye goére
veriler anlamli ve mantikh bir sekilde diizenlenir. Uglincii asamada, diizenlenen veriler tanimlanir ve
dogrudan alintilara yer verilir. Dordincii asamada tanimlanan veriler agiklanir, yorumlanir ve
anlamlandirilir (Yildinm ve Simsek, 2016).

Bulgular

Ogrencilerilerin konu ile ilgili sorulara vermis oldugu yanitlar tutarllik gosterdigi durumlarda teori
benzeri kavramsal degisim teorisi kapsaminda degerlendirilmistir. Ogrencilerilerin konu ile ilgili sorulara
vermis oldugu yanitlar tutarsizlik gosterdigi durumlarda parca nitelikli bilgi yapisi teorisi kapsaminda
degerlendirilmistir. Uygulanan analiz islemi sonucunda, 6grencilerin soru setlerine vermis olduklari
tutarh ve tutarsiz cevap sayilari asagida verilmistir. Tutarsizlik analizinde; kavram yanilgisi ya da
alternatif kavramsallastirma seklindeki nitelemelerden ¢ok, bilissel tutarsizliga odaklanilimistir. Bilissel
tutarhihik analizinde, ayni konuya yénelik yanitlarda bir istikrar aranmistir.

1. Birinci arastirma sorusu, "Ogrencilerin, Diinya’nin dénme, dolanma, giinliik ve yillik hareketlerine
yonelik bilgi yapilari, teori benzeri kavramsal degisim teorisine gore tutarli mi; yoksa parga nitelikli
kavramsal degisim teorisine gore tutarsiz midir?" seklinde formiile edilmistir. Arastirma sorusuna yonelik
bulgulara ait degerler asagida sunulmustur.
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Tablo 3.
Dénme ve Dolanma Kavramlarina Yénelik Bilgi Yapisi Testinden Saglanan Verilere Ait Yiizde ve Frekans
Degerleri

Tutarsiz % Tutarli % Toplam
Donme 57 76 18 24 75
Dolanma 55 73.3 20 26.7 75

Tablo 3 incelendiginde, dénme kavramina iliskin bilgi yapisi testinden saglanan bulgularda; tutarsiz
yanit verenlerin sayisinin 57 (%76), tutarli yanit verenlerin sayisinin ise 18 (%24) oldugu gorilmektedir.
Ayrica dolanma kavramina iliskin tutarsiz yanit verenlerin sayisi 55 (%73.3), tutarl yanit verenlerin sayisi
ise 20 (%26.7) olarak gozlenmektedir.

Tablo 4.
Dénme ve Dolanma Kavramlarina Yénelik Gériismelerden Saglanan Verilere Ait Yiizde ve Frekans
Degerleri

Tutarsiz % Tutarli % Toplam
Dénme 9 81.8 2 18.2 11
Dolanma 8 72.7 3 27.3 11

Tablo 4’e gore; donme kavramina iliskin yari yapilandirilmis goriismeler sonucunda, tutarsiz yanit
veren Ogrenci sayisi 9 (%81.8), tutarli yanit veren 6grenci sayisi ise 2 (%18.2)'dir. Bunlarin yaninda
tabloda dolanma kavramina iliskin olarak tutarsiz yanit veren 6grenci sayisi 8 (%72.7), tutarl yanit veren
ogrenci sayisi ise 3 (%27.3) olarak yer almaktadir.

Asagida donme ve dolanma kavramlarina yonelik gorismelerden elde edilen tutarli yanitlara iliskin
ornekler verilmistir.

Ornek 1:
Ogretmen:
-Sandalye kapmaca oyununda 6grencilerin sandalyelerin etrafinda yaptigi harekete ne dgnir?
Bu 6rnekte S19
S19: adli 6grenci,
-Dolanma denir. dolanma
. hareketine
Ogretmen: yonelik sorulari;
-Dolanma hareketi nasil gerceklesir? dolanma
hareketine
S19: yonelik
-Sandalye kapmaca oyununda 6grenciler sandalyelerin etrafinda dolanirlar. agiklamalarla
L yanitlamistir.
Ogretmen: Bu durum
-Diinya’nin Giines etrafinda yaptigi harekete ne nedir? 6grencinin
bilissel tutarhlik
S19: icinde oldugunu
-Diinya bu hareketinde Giines etrafinda dolanir. gostermektedir.
Ogretmen:
-Dolanmaya baska 6rnek verebilir misin?

S19
-Atletlerin dairesel parkurda yaptigi kosu hareketinde dolanma meydana gelir.

851



Kandemir & Apaydin — Cukurova Universitesi Egitim Fakiiltesi Dergisi, 51(2), 2022, 825-869

Ornek 2:
Ogretmen: \
-Lunaparkta atlikarincalarin kendi ekseninde yaptigi harekete nedir?
S13: Bu 6rnekte S13
-Dénme denir. adl 6grenci,
Ogretmen: donme

g ’ hareketine
-Dénme kavramini biraz agiklar misin? yonelik sorulari,

dénme

13:
513 hareketine
-Atlikarinca tipki Dlinya gibi kendi ekseni etrafinda déner. yonelik

Ogretmen:

-Topag gevirirken topacin yaptigi harekete nedir?
S13:

-Topacg da kendi ekseni etrafinda doner.
Ogretmen:

-Dénme hareketine baskaca bir 6rnek verebilir misin?

aciklamalarla
yanitlamistir. Bu
durum
6grencinin
bilissel tutarlihk
icinde oldugunu
gostermektedir.

S13
-Vantilatorin yaptigi hareket ve araba tekerleginin yaptigi hareket dbnmedid

Asagidaki paragraflarda ise donme ve dolanma kavramlarina yonelik gérismelerden elde edilen tutarsiz

yanitlara iligkin érnekler verilmistir.
Ornek 3:

Ogretmen: \
-Oyuncak trenin dairesel raylar icine oturmus ¢ocugunun etrafinda
yapmis oldugu harekete ne denir?

S20:

-Dolanma denir.

Ogretmen:

Bu 6rnekte S20
adh 6grenci, ilk
yanitinda dolan
ma hareketine
yonelik; ikinci
yanitinda ise
dénme
hareketine
yonelik

-Dolanma hareketini agiklar misin?

S20:

-Tren ¢ocugun etrafini dairesel raylarla déner durur (Ogrenci, dolanma
olgusuna o6rnek olan hareketi donme hareketi icin 6rneklendirmistir.).
Ogretmen:

-Sandalye kapmaca oyununda gocuklarin sandalyeler etrafinda yaptigi harekete
S20:

-Cocuklar sandalye kapmak icin sandalyelerin etrafinda déner

aciklamalarda b
ulunmustur. Bu
durum
6grencinin
bilissel
tutarsizlik igcinde
oldugunu
gostermektedir.

he denir?

(Ogrenci, dolanma (Bir seyin cevresinde yapilan harekete dolanma denir (TDK,
olan hareketi donme hareketi icin 6rneklendirmistir.).
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Ogretmen:
-Dolanmaya bagkaca bir 6rnek verebilir misin?
S20:

-Saatte yer alan akrep, yelkovan ve saniye gubuklarinin yapmis olduklari hareket dolanmaya 6rnektir
(Ogrenci, ddnme davranisina 6rnek olan hareketi, dolanma hareketi icin 6rneklendirmistir.).

(ij)rnek 4; \

Ogretmen:

-Semazenlerin yaptigi harekete ne denir?

Bu drnekte S20 adl
S7: dgrenci, ilk

-Semazenler kendi kendi ekseni etrafinda déner (Dnme olgusuna karsilik gelen dogru bir Yanitinda dénme
hareketine yonelik;

ikinci yanitinda ise
Ogretmen: dolanma hareketine

) ) o o yonelik 6rnekler
- Donme hareketine bir 6rnek verebilir misin?

vermis, dolanma
S7: > hareketine yénelik
aciklamalarda bulun

-Biz arkadaslarimizla sandalye kapmaca oyununda sandalyelerin etrafinda doniyoruz mustur. Bu durum

ornektir).

(Ogrenci, dolanma davranisina 6rnek olan hareketi dénme hareketi igin rneklendirmistir.)0grencinin biligsel
tutarsizlik iginde

oldugunu
-Baska ornek verebilir misin? gostermektedir.

Ogretmen:

S7:

-Yag Satarim, Bal Satarim oyununda da arkadaslarimizin etrafinda déneriz (Ogrencinin, bu érnekte de
dolanma (Bir seyin gevresinde yapilan harekete dolanma denir (TDK, 2020). ) hateketine karsilik gelen bir
davranisi donme olgusuyla iliskilendirdigi gérulmektedir.). _/

Tablo 5.
Diinya’nin Glinliik ve Yillik Hareketine Yénelik Bilgi Yapisi Testinden Saglanan Verilere Ait Yiizde ve
Frekans Degerleri

Tutarsiz % Tutarli % Toplam
Dunya’nin gunluk 54 72 21 28 75
hareketi ve sonuglari
Dunya’nin yillik 57 76 18 24 75

hareketi ve sonuglari

Tablo 5 incelendiginde Dinya’nin ginlik hareketine yonelik bilgi yapisi testine tutarsiz yanit veren
o6grenci sayisinin 54 (%72), tutarh yanit veren 6grenci sayisinin ise 21 (%28) oldugu gorilmektedir. Ayrica
tabloda Diinya’nin yillik hareketine yonelik tutarsiz yanit veren 6grenci sayisinin 57 (%76), tutarh yanit
veren 6grenci sayisinin ise 18 (%24) oldugu gosterilmektedir.
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Tablo 6.
Diinya’nin Giinliik ve Yillik Hareketine Yénelik Gériismelerden Elde Edilen Verilere Ait Yiizde ve Frekans
Degerleri

Tutarsiz % Tutarli % Toplam
Dinya’nin ginlik
hareketi ve 7 63.6 4 36.4 11
sonuglari
Dinya’nin yillik
hareketi ve 7 63.6 4 36.4 11
sonuglari

Tablo 6 incelendiginde, Diinya’nin giinlik hareketine yonelik yari yapilandirilmis gérismelere tutarsiz
yanit veren Ogrenci sayisinin 7 (%63.6), tutarli yanit veren 6grenci sayisinin ise 4 (%36.4) oldugu
gorilmektedir. Ayrica tabloda Dunya’nin yillik hareketine yonelik tutarsiz yanit veren 6grenci sayisinin 7
(%63.6), tutarli yanit veren 6grenci sayisinin ise 4 (%36.4) oldugu gosterilmektedir.

Asagida Dinya’nin gunlik ve yillik hareketine yonelik; gorismelerden saglanan tutarl yanitlar
verilmistir.

Ornek 5:
s N Bu 6rnekte S55
Ogretmen: adl 6grenci,
-Gece ve giindiiz nasil olusur? Diinya’nin
glnluk
$55: hareketine
-Dinya’nin giinliik hareketi sonucu olusur. yonelik sorulari,
. Dinya’nin
Ogretmen: gunlik
-Biraz agiklar misin? hareketine
yonelik
355: acitklamalarla
-Diinya’nin kendi ekseni etrafinda dénmesiyle karanlik taraf gece, yanitlamistir. Bu
durum
Glineg’e donik aydinlik taraf ise glindtzdr. Bgrencinin
Ogretmen: bilissel tutarlilik
o — . — iginde oldugunu
-Diinya’nin giinliik hareketinin diger sonuglarina érnek verebilir misin? gostermektedir.
S55:
-Gunes gin iginde farkli konumlarda gorular. _/
Ornek 6:
v T Bu 6rnekte S10 adli
Ogretmen: 6grenci, Diinya’nin
-Diinya’nin yillik hareketinin sonuglarindan birini 6rnek verebilir misin? yillik hareketine
yonelik sorulara,
510: Dinya’nin ginlik
-Gece ve glindiiz olusur. hareketine yénelik
. >‘ aciklamalarla yanit
Ogretmen: vermistir. Bu
-Gece ve glindiiz nasil olusur agiklayabilir misin? durumda yanitlar
bilimsel olarak dogru
>10: degilse de 6grenci
-Diinya’ya Giines yaklastikga giindiiz olur, Diinya’ya Ay yaklastik¢a gece olur. biligsel tutarliik

icindedir.
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Ogretmen:

-Diinya’nin yillik hareketinin sonuglarina baska 6rnek verebilir misin?
S10:

-Glnes dogudan dogar, batidan batar.

Asagida Diinya’nin ginlik ve yillik hareketine yonelik goriismelerden saglanan tutarsiz yanitlar
verilmistir.

Ornek 7:

Ogretmen:

~

-Diinya’nin glinliik hareketinin sonuglarindan birini 6rnek verebilir misin?

S2: Bu 6rnekte S2

- Gece ve giindiiz olusur (Diinya’nin giinliik hareketinin sonuglarina karsilik adli 6grenci,

Diinya’nin
gelen dogru bir 6rnektir). guinliik

Ogretmen: hareketine

yonelik sorulart,

-Gece ve glindiiz olusumu hakkinda biraz bilgi verebilir misin? Diinya’nin yillik

S2: hareketine

yonelik

-Diinya dondiiglinde bir tarafi Glines’e bakar gindiz olur, aciklamalari da

bir tarafi Ay’a bakar gece olur. kullanarak

s yanitlamistir.

Ogretmen: Bu durum

- Peki, “ Giines’in dogudan dogup batidan batmasini Diinya’nin 6grencinin

bilissel
glnlik hareketine 6rnek verebilir miyiz? tutarsizlik

S2: icinde

oldugunu

-Hayir. gostermektedir.

Ogretmen:

-Neden?

S2:

-Ciinkii o, Diinya’nin Giines etrafindaki hareketinin sonucudur (Ogrencinin bu 6rrjekte, Diinya’nin
ginlik hareketine karsilik gelen olgusal durumu, Dinya’nin yillik hareketiyle iliskilendirerek agikladigi
gorulmektedir.). J

Ornek 8:

Bu 6rnekte S55 adli
Ogretmen: 6grenci, Diinya’nin
yillik hareketine
yonelik sorulari,
S55: Dlnya’nin glnlik
hareketine yonelik
aciklamalari da
gelen dogru bir 6rnektir). kullanarak
yanitlamistir. Bu
durum 6grencinin
-Mevsimlerin olusumu hakkinda biraz bilgi verebilir misin? bilissel tutarsizhk
icinde oldugunu
855 gostermektedir.

-Diinya’nin yillik hareketinin sonuglarindan birini 6rnek verebilir misin?

-Mevsimler olusur (Dinya’nin yillik hareketinin sonuglarina karsilik

Ogretmen:
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S55:

-Diinya Glines’in etrafinda donerken Gilines’e yaklasinca yaz,

biraz daha yaklasinca ilkbahar, biraz daha yaklasinca sonbahar,

en uzaginda ise kis olur. Bunun sonunca mevsimler olusur.
Ogretmen:

-Glnesin yilhik hareketine baska 6rnek verebilir misin?

S55:

-Gece ve giindiiziin birbirini takip etmesidir (Ogrencinin bu érnekte,
Dunya’nin yillik hareketine karsilik gelen olguyu, Diinya’nin

glinliik hareketiyle iliskilendirerek agikladigi gérilmektedir.)

2.ikinci arastirma sorusu kapsaminda ogrencilerin dénme kavramina iliskin tutarli yanit sayisi ile
tutarsiz yanit sayisi arasinda anlamh bir farklilik olup olmadigi incelenmistir. Bu kapsamda elde edilen
analiz bulgulari asagida verilmistir.

Tablo 6.
Odgrencilerin D6nme Kavramina lliskin Tutarli Yanit Sayisi ile Tutarsiz Yanit Sayisi Arasinda Yapilan Kay-
Kare Uyum lyiligi Testi Bulgulari

Tutarsiz % Tutarh yanit % Toplam
yanit sayisi sayisi
Dénme 57 76 18 24 75
X?=24.653 sd=1 p=0.00 p<0.05

Tablo 6’da yer alan analiz bulgusunun p=.000<.05 c¢ikmasi 6grencilerin dénme kavramina iliskin
tutarsiz yanit sayisi ile tutarli yanit sayisi arasinda anlamli bir farkliigin oldugunu géstermektedir (X?
=24.653; p=0.000). Tutarsiz yanit sayisina iliskin yizdelik dilimin (%76) tutarli yanit sayisina iliskin
yuizdelik dilimden (%24) fazla olmasi bu farkliligin tutarsiz yanit sayilari lehine oldugunu géstermektedir.

3. Uglincii arastirma sorusu kapsaminda dgrencilerin dolanma kavramina iliskin tutarl yanit sayisi ile
tutarsiz yanit sayisi arasinda anlamli bir farklilik olup olmadig incelenmistir. Bu dogrultuda elde edilen
analiz bulgulari asagida verilmistir.

Tablo 7.
Ogrencilerin Dolanma Kavramina iliskin Tutarli Yanit Sayisi ile Tutarsiz Yanit Sayisi Arasinda Yapilan Kay-
Kare Uyum lyiligi Testi Bulgulari

Tutarsiz % Tutarli yanit % Toplam
yanit sayisi sayisi
Dolanma 55 73.3 20 26.7 75
X?=20.280 sd=1 p=0.00 p<0.05

Tablo 7’de yer alan analiz sonucunun p=.000<.05 ¢ikmasi, 6grencilerin dolanma kavramina iliskin
tutarsiz yanit sayisi ile tutarli yanit sayisi arasinda anlaml bir farkliigin oldugunu géstermektedir (X?
=20.280; p=0.000). Tutarsiz yanit sayisina iliskin yuzdelik dilimin (%73.3) tutarl yanit sayisina iliskin
yuzdelik dilimden (%26.7) fazla olmasi bu farklihgin tutarsiz yanit sayilari lehine oldugunu
gostermektedir.

4. DordincU arastirma sorusu kapsaminda Ogrencilerin Diinya’nin donme hareketine iliskin tutarli
yanit sayisi ile tutarsiz yanit sayisi arasinda anlamh bir farklilik olup olmadigi incelenmistir. Bu ¢ergevede
elde edilen analiz bulgulari asagida verilmistir.
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Tablo 8.
Ogrencilerin Diinya’nin Kendi Eksenindeki Hareketine iliskin Tutarll Yanit Sayisi ile Tutarsiz Yanit Sayisi
Arasinda Yapilan Kay-Kare Uyum lyiligi Testi Bulgular

Tutarsiz % Tutarh yanit % Toplam
yanit sayisi sayisl
Dinya’nin kendi
eksenindeki hareketi 54 72 21 28 75
ve sonuglari
X?=22.413 sd=1 p=0.00 p<0.05

Tablo 8’de yer alan analiz bulgusunun p=.000<.05 ¢ikmasi, 6grencilerin Diinya’nin kendi eksenindeki
hareketine ve sonuglarina iliskin tutarsiz yanit sayisi ile tutarl yanit sayisi arasinda anlaml bir farkliligin
oldugunu gostermektedir (X? =22.413; p=0.000). Tutarsiz yanit sayisina iliskin yizdelik dilimin (%72)
tutarh yanit sayisina iliskin yizdelik dilimden (%28) fazla olmasi bu farkhhgin tutarsiz yanit sayilari lehine
oldugunu gostermektedir.

5. Besinci arastirma sorusu kapsaminda 6grencilerin Dinya’nin dolanma hareketine iliskin tutarh
yanit sayisi ile tutarsiz yanit sayisi arasinda anlaml bir farkhlik olup olmadigi incelenmistir. Bu dogrultuda
elde edilen analiz bulgulari agsagida verilmistir.

Tablo 9.
Odrencilerin Diinya’nin Giines Etrafindaki Hareketine iliskin Tutarli Yanit Sayisi ile Tutarsiz Yanit Sayis
Arasinda Yapilan Kay-Kare Uyum lyiligi Testi Bulgulari

Tutarsiz % Tutarli yanit % Toplam
yanit sayisi sayisi
Dinya’nin Giines
etrafindaki hareketi ve 57 76 18 24 75
sonuglari
X?=27.000 sd=1 p=0.00 p<0.05

Tablo 9’da yer alan analiz bulgusunun p=.000<.05 gikmasi, 6grencilerin Diinya’nin Glines etrafindaki
hareketi ve sonuglarina iliskin tutarsiz yanit sayisi ile tutarli yanit sayisi arasinda anlamli bir farkhihgin
oldugunu gostermektedir (X =27.000; p=0.000). Tutarsiz yanit sayisina iliskin yizdelik dilimin (%76)
tutarli yanit sayisina iliskin ylzdelik dilimden (%24) fazla olmasi bu farkliligin tutarsiz yanit sayilari lehine
oldugunu gostermektedir.

Tartisma ve Oneriler

Birinci arastirma sorusu kapsaminda, 6grencilerin dénme, dolanma, Diinya’nin giinlik ve yilhk
hareketine yonelik bilissel yapilari, ilgili boyutlar igin olusturulmus farkli sorulara verdikleri yanitlarin
tutarliigl ve tutarsizligi bakimindan incelenmistir. Tutarlik kavrami teori benzeri kavramsal degisim
teorisini temsil ederken tutarsizlik kavrami parga nitelikli bilgi yapisi teorisine gonderme yapmaktadir.

Donme kavramina iliskin bilgi yapisi testinden elde edilen bulgularda, tutarsiz yanit veren 6grenci
sayisl 57 (%76), tutarl yanit veren ogrenci sayisi 18 (%24) olarak tespit edilmistir (Tablo 3). Donme
kavramina yonelik gorismelerde tutarsiz yanit veren 6grenci sayisi dokuz (%81.8), tutarli yanit veren
ogrenci sayisi ise ikidir (%18.2) (Tablo 4). Bilgi yapisi testinden saglanan bulgularlar ile yari yapilandiriimis
gorismelerden saglanan bulgular birbiriyle uyumludur. Bulgulara gére arastirmaya katilan 6grencilerin
biylk bir yizdesinin (%76) donme kavramina iliskin bilissel olarak tutarsizlik icinde oldugu belirtilebilir.
Ornegin; S7, semazenlerin yapmis oldugu hareketi dénme olarak belirtmis; ancak kendisinden dénme
hareketine ornek verilmesi istendiginde “Yag Satarim, Bal Satarim ve Sandalye Kapmaca” oyunlarinda
donme hareketi yaptiklarini belirtmistir. Alintidan hareketle S7'nin yanitlarinin, bilissel tutarsizliga isaret
ettigi belirtilebilir. Bulgular, 6gretim etkinliginin konusunu olusturan olgularin dogasinin, astronomik
veya astrofiziksel buyuklikler dinyasina ait olduklari gercegiyle yakindan iliskilidir (Halloun, 2006;
Vosniadou, 2007). Ogrencilerin yakin ya da dogrudan deneyimlerinden ve dogrudan (demonstratif)
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verilerden hareketle, astrofiziksel buytklikler (Halloun, 2006) diinyasiyla iliski kurmalari mimkin
degildir. Oyle ki; ontolojik olarak astrofiziksel biiyiikliikler diinyasina yénelik veriler, dolayli (non-
demonstratif) olarak saglanir. Dolayh verilerden hareketle olusturulan kavramsallastirmalar ise
cogunlukla matematigin formel dilini kullanan teorik kavramsallastirmalardir (Lawson, 1995). Piaget’nin
bilissel gelisim teorisine gore; bilissel olarak islem 6ncesi ve somut islemler donemlerindeki 6grencilerin,
teorik kavramsallastirmalara yonelik bir 6gretim siireci sonrasinda, ¢ogunlukla bilimsel olmayan naif
teoriler, kavram yanilgilari, alternatif kavramlar ve gorlngulbilimsel ilkseller seklinde belirtilebilecek
dusiuinceler gelistirebilmeleri oldukca yiksek bir olasiliktir (Apaydin, 2014, 2020; Apaydin ve arkadaslari
2018). Galismamizin bulgulari, dogrudan arastirma sorumuzun kapsaminda degerlendirildiginde;
Ogrencilerdeki bilgi yapilarinin teori benzeri bilgi yapisi teorisinden ¢ok, pargali bilgi yapisi teorisine
uygun nitelikte oldugu belirtilebilir. Boylesi bir sonuca ulasmamizin nedeni; katihmcilarin biyik bir
kisminin, ayni konuya yonelik tutarsiz yanitlar vermeleridir. Bu durum, diSessa (1993, 2002) ile diSessa
ve Sherin'e (1998) gore, bilissel tutarsizliga gonderme yapmaktadir. Arastirma sorumuz, tipik
gorunglbilimsel ilkseller ya da diisiince yapilarina odaklanmamakla birlikte, 6grencilerin parcal bilgi
yapisi dogasinda olan goringtibilimsel ilkseller tarafindan yonlendirilmis olmalari da mimkinddr.

Dolanma kavramina iliskin bilgi yapisi testinden elde edilen bulgularda tutarsiz yanit veren 6grenci
sayisl 55 (%73.3), tutarli yanit veren 6grenci sayisi 20 (%26.7) olarak saptanmistir (Tablo 3). Dolanma
kavramina yonelik gerceklestirilen yari yapilandiriimis gérismelerde tutarsiz yanit veren 6grenci sayisi
sekiz (%72.7), tutarli yanit veren 6grenci sayisi li¢ (%27.3) olarak tespit edilmistir (Tablo 4). Bilgi yapisi
testinden elde edilen bulgularlar ile yari yapilandiriimis goriismelerden elde edilen bulgular paralellik
gdstermektir. ilgili bulgular dogrultusunda arastirmaya katilan &grencilerin bilissel olarak bir tutarsizlik
icinde oldugunu séylemek mimkiindiir. Ayrica, arastirma bulgularinda gorildigi gibi S20'ye, “Oyuncak
trenin, dairesel raylar icine oturmus cocugun etrafinda yapmis oldugu harekete ne denir?” sorusu
sorulmus; 6grenci cevabinda dogru olarak dolanma kavramini vermistir. Ancak dolanma kavramina
iliskin aciklama istendiginde bu kavrami dénme kavrami ile agiklamistir. Ayrica, S20 adli 6grenciden
dolanma kavramina iliskin bir 6rnek daha vermesi istendiginde, “Saatte yer alan akrep, yelkovan ve
saniye cubuklarinin yapmis oldugu hareketi” dolanma kavramina 6rnek olarak vermistir. S20 adh
6grencinin vermis oldugu bu yanitlar 6grencinin bilissel olarak bir tutarsizlik icinde oldugunun kaniti
niteligindedir. Dolanma olgusuyla ilgili bulgularin, dénme olgusuna ydénelik 6grenci diistinceleriyle
uyumlu olmasi da yukarida belirtilen benzer pedagojik nedenlere baglanabilir.

Dunya’nin glinlik hareketine yonelik bilgi yapisi testinden elde edilen bulgularda tutarsiz yanit veren
Ogrenci sayisl 54 (%72), tutarli yanit veren 6grenci sayisi 21 (%28) olarak saptanmistir (Tablo 5).
Danya’nin giinlik hareketine yonelik yari yapilandiriimis gériismelerden elde edilen tutarsiz yanit veren
O0grenci sayisi yedi (%63.6), tutarli yanit veren 6grenci sayisi ise dort (%36.4) olarak tespit edilmistir
(Tablo 6). Bilgi yapisi testinden elde edilen bulgular ile yari yapilandirilmis gérismelerden elde edilen
bulgular 6rtismektedir. Bahsi gecen bulgular bakimindan da arastirmaya katilan 6grencilerin bilissel
olarak bir tutarsizlk iginde olduklari belirtilebilir. Arastirmanin bulgularinda da belirtildigi gibi S2'ye,
“Diinya’nin giinliik hareketinin sonuclarindan birine 8rnek verebilir misin?” sorusu yéneltilmistir. Ogrenci
bu soruya, “Gece ve gilindiiz olusur.” cevabini vererek dogru yanitlamistir. Ancak gece ve gilindiz
olusumu hakkinda agiklama yapmasi istendiginde, “Diinya dondigilinde bir tarafi Glines’e bakar glindiiz
olur, bir tarafi Ay’a bakar gece olur.” agiklamalarinda bulunmustur. Ek olarak konuyla ilgili, “Glines’in
dogudan dogup batidan batmasini Diinya’nin glinliik hareketine 6rnek verebilir miyiz?” seklinde bir soru
daha sorulmustur. Ogrenci soruya, “Hayir ¢iinkii o Diinya’nin Giines etrafindaki hareketinin sonucudur.”
seklinde cevap vermistir. Alintilar, 6grencinin yanitlarinda bilissel bir tutarsizlik sergiledigini ortaya
koymaktadir. Bu arastirma bulgusu da, yukaridaki degerlendirmelerimizi dogrulayacak niteliktedir.

Danya’'nin yilik hareketine yonelik bilgi yapisi testinden elde edilen bulgularda Diinya’nin yillik
hareketine yonelik tutarsiz yanit veren 6grenci sayisi 57 (%76), tutarli yanit veren Ogrenci sayisi 18
(%24)'dir (Tablo 5). Diinya’nin yillik hareketine yonelik yari yapilandirilmis goriismelerden elde edilen
bulgulara gore, tutarsiz yanit veren 6grenci sayisi yedi (%63.6), tutarli yanit veren 6grenci sayisi ise
dorttir (%36.4) (Tablo 6). Bilgi yapisi testinden saglanan bulgularlar ile yari yapilandiriimis
gorismelerden elde edilen bulgular birbirini destekler niteliktedir. Bu bulgular, 6grencilerin dénme
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kavramina iliskin bilissel tutarsizlik icinde olduklari yanitlarla ortismektedir. S55 adli Ogrenciye,
“Diinya’nin yillik hareketinin sonuglarindan birini rnek verebilir misin?” sorusu yoneltilmistir. Ogrenci,
“Mevsimler olugur.” yanitini vererek soruyu dogru cevaplamistir. Ancak mevsimlerin olusumuna iligkin
aciklama istendiginde yanit olarak, “Diinya Gines’in etrafinda dénerken Gilines’e yaklasinca yaz, biraz
daha yaklasinca ilkbahar, biraz daha yaklasinca sonbahar, en uzaginda ise kis olur. Bunun sonunca
mevsimler olusur.” ifadesi gelmistir. Ogrenciye ek olarak ayni konu ile ilgili, “Glinesin yillik hareketine
baska 6rnek verebilir misin?” sorusu yéneltilmistir. Ogrenci, “Gece ve giindlziin birbirini takip
etmesidir.” yanrtini vermistir. Ogrencinin vermis oldugunu bu yanitlar bilissel tutarsizigi sergileyen
onemli nitel bulgulardir.

Arastirmanin ikinci, Gglinct, doérdiincii ve besinci sorulari kapsaminda dénme, dolanma, Diinya’nin
ginlik ve Gunes etrafindaki hareketine yonelik, 6grencilerin verdikleri tutarli yanit sayisi ile tutarsiz yanit
sayisina yénelik analiz bulgusunda, anlamh bir farkhlk belirlenmistir (X?=24.653, p<0.05; X?=20.280,
p<0.05; X?=22.413, p<0.05; X>=27.000, p<0.05). Bu farklilik tutarsiz yanit sayilari lehinedir.

Arastirma sorularinin dénme, dolanma, Dinya’nin giinlik hareketi ve Dinya’nin yillik hareketi
bilesenlerine yonelik 6grenci yanitlari ve analiz sonuglari birlikte degerlendirildiginde; 6grencilerin
¢ogunlugunun tim boyutlara iliskin bulgu niteligindeki yanitlarinin, biligsel tutarsizlik sergiledigi
gorilmektedir. Bundan dolayt ilgili sorularin tiim boyutlarina yonelik yanitlarin, diSessa’nin parcal bilgi
yapisi teorisi ile uyum icinde oldugu belirtilebilir. Bu baglamda yukarida da ifade edildigi gibi,
ogrencilerin bltin boyutlara iliskin yanitlarinin gériingibilimsel ilksellerce yonlendirilmis olabilecegi de
ileri strilebilir (diSessa, 2002, 2008). Arastirmamizda; donme, dolanma, Diinya’nin ginlik ve yilhk
hareketleri olgulariyla ilgili bilgi yapisi testi ve yari yapilandirilmis gériisme formu araciligiyla, her bir
olguyu farkli érneklerle temsil eden sorular sorulmus olmasi dnemlidir. Boylece ilgili olgulari temsil eden
farkli sorulara benzer yanitlar verilemedigi icin, katilimcilarin bilissel bir tutarsizlik iginde olduklari
degerlendirilebilmistir. Aragtirma bulgularimizla 6rtlisen ¢alismalar agagida verilmistir.

Ozcan ve Birgin (2021) ve Tiirk ve Kalkan (2018), 6grencilerin ddnme kavrami ile dolanma kavramini
karistirdiklarini; dénme kavrami yerine dolanma kavramini, dolanma kavrami yerine donme kavramini
kullanildiklarini belirlemislerdir. Diger bir ifadeyle ilgili arastirma bulgulari, 6grencilerin bilissel bir
tutarsizlik icinde olduklarina gonderme yaparak; arastirma bulgularimizi destekler bir nitelik
sergilemektedirler.

Ozdemir (2007), dokuz ile on bir yas arasinda degisen sekiz 6grencinin kuvvet kavramina iliskin bilgi
yapilarini incelemistir. Alti 6grencinin kuvvet kavramina iliskin yorumlarinda tutarsizlik saptamistir. Clark
(2006) boylamsal arastirmasinda, 6grencilerin 8. sinif termodinamik (initesi dahilinde termal denge
kavramina yonelik bilgi yapilarini analiz etmistir. Arastirma sonucunda Ogrencilerin bilgi yapilarinin
birbirine bagh olmayan, baglamdan bagimsiz fikir kiimelerinden baslayarak bitilinlesik ve yari tutarh
bakis acilarina dogru gelistigini saptamistir. Apaydin (2014), arastirmasinda ortaokul 6grencilerinin
kaldirma kuvvetine yonelik bilgi yapilarini incelemistir. Birinci soru setine 8 6grencinin tamami, ikinci
soru setine ise iki 6grenci hari¢ diger katihmcilarin tutarsiz yanitlar verdigini gdzlemlemistir. Ozdemir
(2018) ortaokul diizeyindeki, yiiz yirmi yedi 6grencinin kaynama ve buharlasma kavramlarina iliskin bilgi
yapilarini incelemistir. Ogrencilerin on ii¢ soru setine verdikleri yanitlar bes farkli kategoride incelenmis
olup katihmcilarin, buharlasma ve kaynama kavramlarina yonelik bilgi yapilarinin tutarsiz oldugu
belirlenmistir. Khishfe (2017), lise 6grencilerinin farkli bilimsel ve sosyo-bilimsel baglamlardan olusan
soru setlerine yonelik yanitlarindaki tutarhiligl irdelemistir. Arastirma, Libnan'daki sekiz farkh okuldan
toplam 261 lise 6grencisinin katilimiyla gerceklestirilmistir. Bulgular, bilimin vurgulanan farkli boyutlarina
iliskin tim katiimcilarin gorislerinin ¢ogunlukla tutarsiz oldugunu ortaya koymustur. Burada dikkat
cekici olan durum; referans olarak verilen ¢alismalarda, arastirma konusu edilen kavramlarin tamaminin
teorik nitelikte kavramlardan olustugu gercgegidir. Calismamizin konusunu olusturan kavramsal tema da
astrofiziksel buylklikler diinyasina ait teorik bir nitelik arz etmektedir. Yukarida da verildigi gibi,
astrofiziksel ya da mikro buylkliklerle ilgili olgulara ait kavramsallastirmalar teorik nitelikte olup
ozellikle ilkokul diizeyindeki Ogrencilerin aktliel bilissel yeterliginin disinda kavramlar olarak
degerlendirilebilirler (Apaydin, 2014, 2018, 2020; Lawson, 1995). Teorik kavramlarin veri olarak kayda
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gecirilmesinde, alan vyazina kazandirilmasinda, bilimin topluma iletiimesinde ve nihayetinde
Ogretilmesine kaynaklik eden ders kitaplarinin igeriginin olusturulmasinda kullanilan dil, formel dildir.
Haloun'a (2006) gore, ozellikle ilkokul ve okul 6ncesi gruplarinda biligsel gelisim diizeyleri itibariyla, bilim
ogretilirken kullanilmasi gereken dil ise nominal dildir. Nominal dil diizey olarak, betimsel nitelikteki
kavramlar ve kavramsallastirmalarla iliskili bir dil olup teorik kavramlarin, ilkokul ve okul éncesindeki
bilissel diizeye uygun bir dil formuna doénistiirilmesine hizmet eder. Boylesi bir durum ise 6grencilerde,
tutarsiz bilgi yapilarinin ve alternatif kavramlarin olusmasini azaltici bir zemin hazirlayabilir. Ancak teorik
kavramlarin naif yapilandirilmasinda, kavramsal degisimin dogasi geregi anlik ve birden bire meydana
gelen bir bilissel tutarlilik saglamak olasi degildir (diSessa, 1993, 2002, 2008; Vosniadou, 1991). Oyleyse,
¢alismamiz kapsaminda bir degerlendirmeyle; &zellikle ilkokul diizeyinde, bilimdeki karsihig formel dil
olan teorik kavramlar 6gretilecek ise bu konulara iliskin kavramsallastirmalarin dogrudan verilerle
iliskilendirilip ilgili teorik kavramlarin betimsel diizeye ¢ekilmesi ve dolayisiyla dilin de nominal diizeyde
tutulmasi oldukga énemlidir (Kampeza ve Ravanis, 2012). Nitekim Kampeza ve Ravanis (2012), arastirma
konumuzla tamamen uyumlu ve astrofiziksel bir bulylklik olan gezegenimizin sekline yodnelik
¢alismalarinda, teorik kavramsallastirma dizeyini, betimsel diizeye ¢ekmeyi basarmiglar ve nominal dil
kullanarak 6grencilerin Diinya’nin seklini anlamli 6grenmelerine oldukga biyik bir katki sunmuslardir.
GCalismamizin bulgularinin, 6grenme-6gretme ortamlarinin Kampeza ve Ravanis'in 6nerdigi bicimde
tasarlanmasini 6neren g¢alismalar igin bir esin kaynagi olacagi dusiinilmektedir.

Arastirmadan saglanan bulgular dogrultusunda, ders kitaplarinda tnite baslangiclarinda, 6grencilerin
bilgi yapilarinin tespit edilmesini kolaylastiracak etkinliklere yer verilebilir. Ogretmenlerin dgrencilerin
bilgi yapilarini belirleme ve bilissel diizeye uygun ders ortamlari hazirlama becerilerini gelistirmeye
yonelik hizmet ici egitimler verilebilir. Turkiye’deki alan yazinda 6grencilerin bilgi yapisini inceleyen az
sayida g¢alisma bulunmaktadir. Bu nedenle, fen bilimleri dersinin farkli konularinda da 6grencilerin bilgi
yapilarini inceleyen galismalarin yiritilmesi tesvik edilebilir.
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EK-1

Bilgi Yapis1 Testi

Yonerge: Bu test ile sizin donme, dolanma kavramlari ve Diinya’nin
hareketlerine yonelik bilgi yapilarmizin belirlenmesi hedeflenmektedir.
Testte 13 adet dogru yanlis test sorusu bulunmaktadir. Sinav siireniz 40
dakikadir. Dogru olarak belirttiginiz sorularin bagina “D” harfi, yanlhs
olarak belirttigimiz sorularin basima “Y” harfi yaziniz. Neden dogru veya
neden yanhs oldugunu belirtiniz. Sorular1 dikkatli okuyunuz. Yanlis
yanitlarimiz dogru yanitlarinizi etkilemeyecektir.

Boliim 1
Asagida verilen ifadelerin basina dogruysa “D” yanlis ise “Y” yaziniz.

1. () Lunaparkta atlikarincalarin kendi ekseninde yaptig1 harekete dénme denir.

denir.

3. () Saatte bulunan akrep, yelkovan ve saniye ¢gubugunun kendi ekseninde yaptigi harekete
donme denir.
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5. ( ) Diinya’nin kendi ekseninde yaptig1 harekete dénme denir.

denir.
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Boliim 2

Soru 10

Diinya’nin kendi ekseni etrafinda Donme Hareketi

Gece giindiiz olusur.

Gunduz Gece

Sekil 1

Gilines dogudan dogar batidan batar.
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Soru 11

Glines giin i¢inde farkli konumlarda goriiliir

sekil 3

Gece ve glindiiz birbirini takip eder.

Sekil 4

1.Sekil 3 ve 4 ‘te gerceklesen olaylarin sebebi ayn1 midir? Neden?
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Soru 12

Mevsimlerin olugmasina ve degismesini saglar.

Mevsimlik sicaklik farklar1 meydana gelir.

Mevsimler Ortalama sicakhk
Sonbahar 15°C
Kis 5°C
ilkbahar 15°C
Yaz 24°C
Sekil 6

1.Sekil 5 ve 6’da gerceklesen olaylarin sebebi aym midir? Neden?



Kandemir & Apaydin — Cukurova Universitesi Egitim Fakiiltesi Dergisi, 51(2), 2022, 825-869

Soru 13

Y1l iginde gece ve giindiiz siireleri farklilasir.

Tarihler Gece suiresi Giinduz siiresi
1 Ocak 14 saat 10 saat
21 Mart 12 saat 12 saat
21 Haziran 9 saat 15 saat
1 Eylil 10 saat 14 saat
Sekil 7

Diinya’nin Giines’e gore konumu degisir.

sekil 8

1.Sekil 7 ve 8’de gerceklesen olaylarin sebebi ayn1 midir? Neden?
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