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ABSTRACT

The aim of this study is to determine the mental models of the secondary school students about
the basic astronomy concepts of the Sun, Earth, Moon (SEM) System. For this purpose, seven open-
ended questions developed by the researcher in order to reveal their mental models and were
applied to the secondary school students after the necessary corrections were made by the three
science educators. The sample of the study consisted of 198 students (50 fifth grade, 50 sixth
grades, 50 seventh grades, 48 eighth grades) studying in two secondary schools in Agri city center.
The data obtained from the study were analyzed and using the mental model determination
process proposed by Vosniadou and Brewer (1992, 1994). It has been tried to determine mental
models of students separalely for each grade level. Findings from the research data revealed that
students were “primitive” in 5th grade, had a “synthesis model” in 6th grade, “primitive and
synthesis models” were in balanced level in 7th grade. In the 8th grade, most of the students had
a synthesis model but the number of students at the scientific level was more than the other
classes.

Keywords: Science education, astronomi education, Sun-Earth-Moon (SEM) system, secondary
students’ mental models.
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INTRODUCTION

The importance of astronomy education and training in science education is great. The developments in
astronomy and space sciences, which have accelerated in recent years, also accelerate the developments in other
basic sciences. Astronomy, however, can be considered as an excellent educational tool that can be used to teach
people the right and logical thinking. Developed countries such as the US use astronomy effectively to direct
students to the science and to make students love science (Tunca, 2000). When we think about its place in the
educational process of Astronomy, it has benefited effectively to endear science to students, to ensure the
students’ interests to science and therefore, we see that astronomy concepts and subjects were involved in the
curriculum of various levels both in abroad and in Turkey (Tunca, 2005). The basis of astronomy to be included
in the curriculum is that there is a clear commitment between astronomy and science (Gllsegen, 2005), and that
astronomy is widely used in mathematics and physics, chemistry, biology and geology (Percy, 1998; Tunca, 2005;
Sakalli, 2008). In addition, it is argued that astronomy is a discipline that teaches the person the right and logical
thinking effectively (Tunca, 2005). Concerning the importance of astronomy education, Percy (1998) said that
there were still important astronomical practices in our daily lives and they were more useful than experimental
methods because they have an observational dimension. He also stated that interest in science and technology
could be increased with astronomy subjects. Brogt (2007) states that, because astronomy education is a new
field, researchers who have knowledge and experience in different fields have entered the field, and that there
is a need for researchers who have a background in astronomy and education in order to advance the field of
astronomy education as a field of research. The deep relationship between astronomy and natural sciences and
the intense interest of individuals in understanding celestial bodies (earth, moon, day and night formation,
seasonal change etc.) led researchers to explore student perceptions of basic astronomy concepts (Vosniadou

and Brewer, 1992, 1994; Trumper, 2001, 2003, Suzuki, 2003).

Basic concepts related to astronomy in science and technology education program being implemented in Turkey

since 2005, were as follows.

In fifth grade; “Sun, Earth and Moon shape, size, Earth and Moon movements, Moon phases, day and night
formation”, in sixth grade; “What The Earth's crust is made up of?” and in eighth grade; “Formation of the

Universe and Earth” (Timur et al, 2013).

In 2013 Science program in Turkey implemented as follows; fifth Grade, 7th Unit: “Mystery of Earth's Crust /

Earth and Universe:

In this unit, it was aimed that the students get to know the components that make up the crust, the effect of
erosion and landslide on the crust, groundwater, surface waters and knowledge about air, soil, water pollution,
skill and career awareness about fossil science. In sixth grade, 8th Unit: Our World, Moon and Life Source Sun /
Earth and Universe: In this unit, the students were expected to recognize the layers of Earth, Sun and Moon with

relative dimensions and forms, to make a model by explaining the Moon's rotation and entanglement
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movements, and to establish a relationship between Earth and Moon and to gain knowledge and skills about the

results of this relationship and their impact on daily life (https://ridvansoydemir.wordpress.com, 2013).

The links between Astronomy and Science in the Turkish Education System in the updated science education
program in 2017-2018 academic year were given as follows by Republic of Turkey Ministry of National Education

Board of Education (http://mufredat.meb.gov.tr, 2018).

Table 1. SEM Subjects in The Updated Science Education Program in The Academic Year of 2017-2018

Class Unite Achievements Hours  Percent
(%)
F.5.1.1.1. Explains the properties of The Sun. 24 16.6

The geometric shape, layers and rotational motion of the sun are
mentioned.
F.5.1.1.2. Prepare the model to compare the size of the Sun with the size
of the Earth.
F.5.1.2.1. Explains the properties of The Moon.
The size of The Moon, geometric shape of The Moon, surface structure
5. Sun, Earthand  and its atmosphere are mentioned.

Class Moon F.5.1.2.2. They discuss the ideas that they produced about living
creatures in the moon.
F.5.1.3.1. Explains the rotation and revolutional movements of the
Moon.
F.5.1.3.2. Explains the relationship between the Moon's phases and the
Moon's revolutional movement around the Earth.
F.5.1.4.1. prepares a model representing the movement of Sun, Earth
and Moon relative to each other.

F.6.1.1.1. Compares the planets in the solar system with each other. 14 9.7
The solar F.6.1.1.2. They form a model by ordering the planets in the solar system
6. system and according to their proximity to the Sun.
Class eclipses F.6.1.2.1. Estimates how the eclipse occurs.

F.6.1.2.2. Estimates how the lunar eclipse occurs.
F.6.1.2.3. Creates a model representing Sun and Moon eclipse.

8. Seasons and F.8.1.1.1. Make predictions about the formation of seasons. 8 5.5
Class climates The relationship between the rotation axis of the Earth and the plane of
rotation around the Sun is mentioned.

Source: (http://mufredat.meb.gov.tr, 2018).

According to the Table 1; It was seen that In the 2018-2019 education program of the Ministry of National
Education, the 5th grade students have been informed about the characteristics of the Sun, the Earth and the
Moon, the relationship between each other and their rotational movements at the rate 16.6% of the annual
curriculum, the 6th grade students are given information about the planets and their properties in the solar
system in 9.7% of the curriculum and the 8th grade students were given information about the axis of rotation
of the Earth 8 hours of in 5.5% percentage of the annual curriculum. 2018- 2019 academic curriculum has
updated version of 2017 program and in the program, some minor simplifications were made in the “Earth and

the Universe” the unit, as well as in other units.
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There are differences between the scientific explanations and the explanations of children by synthesizing their
daily observations about the celestial bodies and their phenomena (Vosniadou & Brewer, 1992, 1994). These

are explained as follows:

e Children’s unsufficient basic understanding about gravity rules,
e Children's understanding of celestial bodies (such as the Sun and Moon) developed by the angle of view
of the assumption of being on Earth perspective, is based on a World based perspective (Plummer, et all,

2014; cited in Ozgul et al, 2018).

MODELS AND MENTAL MODELS

Models are scientific and mental activities used to facilitate the understanding of complex events (Paton, 1996;
cited in Berber and Glizel, 2009; Canpolat et al., 2004;).According to Norman (1983), the models are common

experiences that can be shown or schematized by a system or event.

In the studies on the classification of the models, regarding the models, it is possible to encounter various

classifications such as;

e Scientific / non-scientific models,
e Models in terms of appearance (concrete-abstract models), models in terms of functions (descriptive,

explanatory, descriptive models) (Glnes, Gilgigek and Bagci, 2003).

Many teachers take care to teach lessons in accordance with the explanations in the textbooks. Therefore, the
models used in textbooks are important in learning and teaching. Many science teachers think that they use the
models in science books and that it is not appropriate for them to change according to their needs; because they
believe that the most popular models will be made by scientists (Glines, Glilgicek & Bagci, 2004; Harrison, 2001;
Van Driel & Verloop, 1999, 2002). The inclusion of models and especially scientific models in the education
process gives the students the opportunity to learn the discipline-specific field information and seeing the

emergence of scientific knowledge (Unal and Ergin, 2006).

A mental model is an internal representation of the structural similarities of events or processes (Greca and
Moreira, 2001). Questions about the theoretical and practical knowledge of the target concept should be taken
into consideration in revealing mental models (Kurnaz, 2011). Conceptual models are external representations
of facts, objects and ideas that people structure and share (Nersessian, 1992; Franco and Colinvaux, 2000; Glines
et al., 2004; Unal and Ergin, 2006). Mental models are internal / cognitive presentations in the minds of
individuals. (Bower and Morrow, 1990; Rapp, 2005; Harrison and Treagust, 1996). Hestenes (2006)

establishes the facts with mental models and the network of conceptual configurations as in Figure 1.
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Figure 1. Mental Models vs. Conceptual Models

Source: (Hestenes, 2006).

In this study, it is aimed to reveal students’ mental models about Sun-Earth-Moon (SEM) and Sun-Earth-Moon

System.
METHOD

Within the scope of the study, a case study method descriptive approach has been adopted since the mental
models of the students were examined. In the detailed explanation of the situation examined, in descriptions, in
evaluation as it is, and in describing the relationships between events or situations, description studies has been
defined as effective (Cepni, 2012). In this study, a longitudinal study case study design is used in the context of
descriptive approach. The special case of this study is the mental models of secondary school students with the

concept of SEM and related to the SEM system.

Sample

The study group of the study consisted of 198 students (50 fifth grade, 50 sixth grade, 50 seventh grade, 48 eighth

grade) studying in a secondary school in the city center of Agri in the 2017-2018 academic year.
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Data Collection Tool

In revealing mental models, questions related to the theoretical and practical knowledge of the target concept
should be taken into consideration (Kurnaz, 2011). In this study, 7 open-ended interview questions were
prepared by the researcher. With open-ended questions directed to students firstly, students' descriptions of
celestial bodies were examined, then mental models were mentioned. Questions have been prepared by taking
into consideration the 5th and 6th grade science and technology course curriculum, studies in the related
literature (Trundle, et all, 2006; Mulholland and Ginns, 2008; Subramaniam and Padalkar, 2009) and expert

opinions.

Open-ended questions:

1- What comes into your mind when you hear the concept of the sun? Please explain.

2- What comes into your mind when you hear the concept of the world? Please explain.

3 - What comes into your mind when you hear the moon concept? Please explain.

4- What kind of shape do you think the sun has? Show by drawing.

5- What kind of a shape do you think the world has? Show by drawing.

6- What kind of shape do you think the moon has? Show by drawing.

7- Draw a picture showing the Sun, Earth and Moon together. Show in your picture how the Sun, Earth and Moon

are moving according to you. Write down the names of the celestial bodies you draw.
Data Analysis

The mental models proposed by Vosniadou and Brewer (1992, 1994) were used in the process of mental
modeling. These models are primitive, synthesis and scientific models. The primitive model includes student
responses that do not overlap with scientific information. The student responses evaluated in this model are far
from school information about target concepts. Synthesis model includes student responses that partially
overlap or do not overlap with scientific information. The students classified in this model have non-scientific
knowledge even though they have partially acquired school knowledge. The scientific model includes scientific
student answers about the target concepts. Based on this information, it has been tried to determine which
students have scientific, synthesis or primitive models. The model in which the answers given in the study were

suitable was analyzed by analyzing and interpreting the questions one by one.
FINDINGS

The findings of the study consisted of the answers obtained from the open-ended questions that the students

answered.

Students' mental models about Sun, Earth, Moon and Sun-Earth-Moon system were shown in table 2 as
percentage and frequency separately. After the mental models of the 5th, 6th, 7th and 8th grades wee found

seperately, findings were presented in graphical form.
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For the 5th grade; As shown in the graph, the questions were analyzed one by one and the percentages and

frequencies of primitive, synthesis and scientific models were calculated.

In grade 5; Figure 2 shows that the percentage of students with a primitive model was higher than the
percentage of students who have a synthesis model. The percentage of students with a scientific model is very

low.
Some examples of student responses;

S:50. “When | hear the concept of the Earth, | think of the forest, the sea and the sky”. It was taken as a primitive

model.

S:47. “The Earth is a kind of planet where living things live and is part of the sun. It is the living space where
people, animals, plants live. It is our place of living with water resources. There is a hot core in the world that we

live on”. This was evaluated as synthesis model.

S:1. “The moon is Earth's satellite. Moon Reflects the light it receives from the sun.”. It was taken as a scientific

model.

100 9% 98

30 76 72

80 78
64
60
40 32 28
o ko 24
20 M

0o - —

Q1 Q2 Q3 04 o5 @6 Q7

M primitive B synthesis M scientific

Figure 2. 5th Class Results

For the 6th grade: Figure 3 shows that the percentage of students with the synthesis model is higher. Then comes
the primitive model and scientific model respectively. After Grade 8 students, it is the second class with a higher

percentage of the Scientific model.
Some examples of student responses;

S:46. “The Sun: a celestial body that keeps us warm is a round object that is yellow in color and it is a circle.” it

was taken as a primitive model.
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S:44. “The moon is the earth's satellite. Moon pulls water on Earth. it's called tide. The moon has stages like the
first- quarter, last quarter, crescent, full moon. The Earth revolves around the Moon”. This was taken as a

synthesis model.

S:37. “The world is in the shape of a geoid. Depressed from the top and bottom, the side appears bulging

(Indicated correctly in the figlire.).”. It was taken as a scientific model.
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Figure 3. 6th Class Results.

For the 7 th grade: in this class, it is seen as in figure 4 that the number of students who have primitive and

synthesis models is equal. And it was observed that no student had a scientific model.

Some examples of student responses;

S:18. “The world is very big. It was taken as a primitive model.

S:8. “World: The planet in which we live, is a planet where all kinds of creatures can live because of oxygen. It

was taken as a synthesis model.
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Figure 4. 7th Class Results
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For the 8th grade: as it was seen from the Figure 5, the number of students with a synthesis model is more than
the number of students with other models. In the 8th grade, the number of students with a scientific model was

found to be higher than the other classes. For example:

S:47. “Moon: small white ball shining at night”. It was taken as a primitive model.

S:6. “Moon: is the satellite of the world. It is also a small source of light”. This was taken as a synthesis model.

S:48. “Sun: It is a star in the Milky Way galaxy that gives its name to the solar system and illuminates and warms

our World”. It was taken as a scientific model.

Q1 Q2 @3 Q4 Q5 Q6 Q7

M primitive @ synthesis [ scientific

Figure 5. 8th Grade Results

Table 2. The Distribution of Student Mental Models

Primitive model Synthesis model Scientific model Unanswered

f % f % f % f %
Sun 162 81.8 30 15.15 6 3.03 - -
Earth 133 67.2 60 29.3 14 7.07 1 0.5
Moon 121 61.1 70 35.35 5 2.5 2 1.01
SEM 194 97.9 - - 3 1.5 1 0.5

The distribution of student mental models shows that as summarized in Table 2, that the students had the mostly

primitive model from these three models.

Up to 98% of the students have a primitive model of the solar system.

82% of the students have a primitive model about the Sun, 67% of the Earth and 61% of the Moon. The

percentage of students with a scientific model is very low, around 1%.
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RESULTS, DISCUSSION AND SUGGESTIONS

In this study, SEM concepts and mental models of SEM system were examined. Similar to this study, Kurnaz and
Degirmenci (2011) carried out the study to reveal the mental models of 7th grade students about SEM and SEM
system. Based on the findings obtained, the main conclusion is that students mostly have a synthesis model in
terms of SEM and SEM system. In other words, students do not fully accept or understand the scientific models

presented, but instead admit them by integrating them with primitive models.

Baloglu Ugurlu (2005) aimed to determine the 6th grade students’ level of misconceptions and misconceptions
about the concepts related to the Earth and Universe in her study. The results of the study in which a
guestionnaire was applied to collect data, showed that Earth's movement and seasons and celestial bodies in the
universe and were among the subjects that close to half of the students have misunderstood. However, it has
been seen that the students have learned the appearance of the Earth, the movements of the Earth, that the

Earth was a planet, that the Sun was a star and the Sun> World> Moon ranking in a good way.

Ekiz and Akbas (2005), have done a study related to astronomy to determine 6th grade elementary school
students’ misconceptions about the concepts; Universe, Solar system, Planet, Star, Satellite, Orbit, Sun to
understand the level of misconceptions. In the study, questionnaires and interviews were applied in order to

collect data and the obtained data were analyzed by using classifications showing comprehension levels.

Babaoglu, & Keles, (2017) had studied the determination of 6th grade students’ perceptions regarding the
concepts of “the Earth”, “the Moon” and “the Sun”. In their study they have found the results parallel to this
study, while 6th grade students participating in the study had lacking and pseudo-scientific concepts related to
the subjects of ‘the Earth’, ‘the Moon’ and ‘the Sun’ before the application, most of the students were seen to
express these astronomy concepts with more scientific terms, and their perceptions changed in scientific

direction after the related unit taught.

Babaoglu, & Keles, (2018) have searched a different study entitled “Determination of 6th Grade Students’
Perceptions of the Concepts of “Star”, “Planet” and “Moon, Sun and Earth” and the result of the study showed
that while the participating 6th grade students had missing information and non-scientific understanding about
the concepts of “star”, “planet” and “Moon, Sun and Earth” before the application, the students’ explanations
and perceptions about the shapes and characteristics of stars and sizes and locations of the Moon, Earth and Sun

after the application showed positive changes in their scientific perceptions of these concepts. The results of

their study were same with this study.

This study and similar studies (Baloglu Ugurlu, 2005; Ekiz and Akbas, 2005; Babaoglu, & Keles, 2017; Babaoglu, &
Keles, 2018; Kurnaz and Degermenci 2012) with astronomical concepts show us that students do not understand
these concepts adequately and some cannot reflect what they know. It is more important to discuss this

framework since the study is primarily aimed at finding mental models. The majority of the students were found
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to have a synthesis model after the primitive model. The most interesting result of this study is that almost all of
the students do not have a scientific model. With regard to SEM (Sun, Earth, Moon system), almost all students

gave appropriate answers to the primitive model.

Based on the findings obtained from this study, which was conducted in order to reveal the mental models of
the students about the Sun, the Earth, the Moon and SEM system, the main result is that the students mostly

have primitive models regarding the Sun, Earth, Moon and SEM system.

As a result, the majority of students are far from scientific knowledge. According to these results, it can be
suggested that teachers use the visuals to make them more memorable when describing the Sun, Earth and
Moon concepts. More importantly, by associating students with daily life in order to be familiar with the
environment they live in, ensuring the participation of the student in the lesson will minimize the errors in the
education that may occur. In lectures teachers might use materials characterizing SEM system or modeling earth

and moon. Trying to comprehend the SEM system as a whole is one of the measures that can be taken.
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