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Abstract

In recent years, studies by education researchers indicate that, despite various instructional methods to enhance the
conceptual understanding of seasons, the reasons for the formation of seasons and the processes involved are still not
fully grasped. This research aims to investigate the fundamental reasons for the difficulties in comprehending the forma-
tion of seasons and to develop possible solutions. To achieve this goal, a physical model based on the “Change in the
Amount of Energy Falling onto a Unit Surface (CAEFUS)” of parallel beams of sunlight as Earth orbits around the Sun with
a tilted axis of approximately 23.5 degrees was developed and applied to participants, and data were collected. These
instructional processes were applied to experimental and control groups. The research was conducted on 148 eighth-
grade students in a state school in Samsun (the city in Turkey) province. Exploratory factor analysis was used to analyze
students’ drawings and separate them into their most prominent elements. The quantitative data analysis, consisting of
multiple-choice questions, utilized the SPSS 22.0 statistical program. According to ANOVA Results for SEMAT Achieve-
ment Scores, a significant difference was determined between the experimental and control groups (F=7.625, p <0.05).
In addition, the control group mean in the pre-test fell below the experimental group mean in the pre-test. However, the
mean of the experimental group in the post-test exceeded that of the control group (Pre-test'e’=1.54, Pre-test'c'=1.82;
Post-test’e’=3.21, Post-test'c’'=2.86). The data analysis revealed that the CAEFUS-based model significantly impacted the
meaningful teaching of the nature of seasons. These results were thoroughly evaluated through a detailed comparison
with the literature.

Keywords Nature of seasons - Astronomy education - Physical model - Mental model - Example lesson plan

1 Introduction

This study is grounded in the theory of conceptual change and the constructivist approach to learning. According to
Piaget’s theory of cognitive development, individuals construct knowledge through interactions with their environ-
ment, progressing through stages of increasing complexity in their understanding of abstract concepts [1]. In science
education, this process involves moving from intuitive, everyday understandings to more scientifically accurate models.
Models are critical in this process as they help bridge the gap between abstract scientific concepts and students’ exist-
ing mental frameworks. This allows for deeper engagement and understanding [2]. The concept of “Change in Energy
Amount on Unit Surface” (CAEFUS) aligns with the theory of solar radiation and its distribution, which is fundamental to
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understanding astronomical phenomena such as seasons. This theory explains how variations in the Earth’s orientation
and movement relative to the Sun lead to changes in the amount of solar energy received at different latitudes, influenc-
ing temperature patterns across seasons [3]. In the context of science education, the use of physical models, as outlined
by Bransford and Schwartz supports the idea that concrete representations of abstract phenomena promote deeper
understanding by enabling students to visualize complex processes and actively engage with them [2]. In this study, the
CAEFUS model serves as a tool to help students understand the mechanisms behind seasonal changes by providing a
tangible, interactive representation of solar radiation and its effects on Earth’s surface.

Understanding the nature of science involves grasping the mechanisms behind events and the relationships between
them [4]. Fundamental astronomy topics, which play a crucial role in science, are gaining importance, supported by
growing research and educational strategies [5-7]. While some scientific concepts, like the sunrise, moon phases, and
seasons, are observable, the mechanisms driving them, such as celestial movements, remain abstract and not directly
observable. The topic of seasons, central to this study, is visible but requires concrete tools for full comprehension. The
use of visual aids in science education is widely accepted, although debates persist regarding their role [8]. Early studies
demonstrated the effectiveness of graphics in learning, which continues to influence current research [9]. One persistent
misconception, highlighted by Van Loon et al. is the belief that Earth’s proximity to the Sun causes summer [10].

Models play a critical role in science education by concretizing abstract ideas and fostering engagement [11]. However,
improperly developed models may lead to misconceptions [12]. Effective use of models can reshape mental models and
facilitate learning complex scientific ideas [13, 14], especially in fields like astronomy, where visualization and interaction
enhance understanding. Sneider and colleagues reviewed 41 articles on strategies, practices, and challenges in teach-
ing seasons across various countries up to 2011 [15]. The challenges in teaching astronomy concepts arise from their
complexity and abstract nature, requiring three-dimensional thinking [16]. Understanding seasons involves aligning
temperature patterns with Earth’s movements and the geometry of solar radiation distribution [17]. Teaching these con-
cepts effectively can be aided by physical models, which allow students to make scientifically accurate interpretations.
Additionally, understanding the geometry of solar radiation distribution and its absorption by the Earth'’s surface is crucial
for comprehending the seasons. Although this academic knowledge can be challenging for middle school students,
physical models can effectively teach these concepts and their relationships, enabling accurate scientific interpreta-
tions. Many studies affirm that seasons are an excellent tool for teaching scientific principles [17-22]. However, there is
a notable lack of studies that specifically address the “Change in Energy Amount on Unit Surface” (CAEFUS) by exploring
the "HOW" of understanding this concept, particularly concerning its effects on students'mental models related to Earth’s
shape, revolution, and axial tilt. This study aims to fill this gap by enhancing 8 th-grade students‘comprehension of “HOW”
seasons occur through the CAEFUS physical model. By doing so, it distinguishes itself from existing research on physi-
cal models, addressing a significant gap in the literature. This study provides insights into the effectiveness of physical
models in teaching complex astronomical concepts. It offers practical implications for the development of educational
tools aimed at improving understanding and rectifying misconceptions in astronomy. The research explores the solutions
proposed by students for CAEFUS and addresses the following questions through the use of models:

- Question 1: Have the students'explanations and visual representations of the nature of seasons been influenced by
the CAEFUS model? (Is this change significantly in favor of the model?).

- Question 2: How has the CAEFUS model influenced students’explanations and visual representations of the nature
of seasons? (Did it take into account the physical events that occurred?).

— Question 3: Which features of the models used most significantly affected students’ability to provide meaningful
explanations and visual expressions of the nature of seasons?

1.1 Enhancing understanding of seasonal formation: a conceptual framework

Most studies on teaching the formation of seasons typically address the question, “Why do seasons occur?” The com-
mon answers—"axial tilt,’ “Earth’s movements (rotation and revolution),” and “Earth’s distance from and proximity to
the Sun”"—often fail to address the underlying mechanisms fully. A more relevant question is, “How do seasons occur?”
However, research focusing on changes in students'mental models regarding this process based on CAEFUS, which
explains the formation of seasons through the angle of sunlight relative to the Earth’s surface, remains limited [15, 23].
Students'difficulty understanding the physical processes necessary for CAEFUS is a significant challenge. Figure 1 illus-
trates the variation in solar radiation distribution on the Earth’s surface. When sunlight is perpendicular to the surface,
the area it covers is smaller, resulting in higher energy concentration. Conversely, at an oblique angle, sunlight spreads
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over a larger area, leading to lower energy concentration. These variations are critical to understanding the formation
of seasons but can be abstract and difficult for students to visualize.

Figure 1 illustrates the variation in the distribution of incoming solar radiation across the Earth’s surface. In position (2),
where sunlight is perpendicular to the Earth'’s surface, the area covered by sunlight is relatively more minor. Conversely,
in position (1), where sunlight strikes the surface at an angle, the area over which the sunlight is spread is significantly
larger. These variations are crucial for understanding the concept of seasons. Terms such as “perpendicular sunlight”and
“oblique sunlight” clearly represent how these variations influence seasonal changes.

Figure 2 presents the mathematical analysis of the thermal distribution effect on the Earth'’s surface resulting from the
natural phenomenon depicted in Fig. 1. The relationship between the angle of incidence of rays and the spread occur-
ring on the Earth'’s surface is as follows:

d
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In Eq. (1), dk represents the area where solar rays spread on the Earth’s surface, dg represents the area that solar rays
have before encountering any surface, and 6 is the angle of incidence as shown in (a), when 8= 30° the area where solar
rays spread is more expansive, while when 8= 90° the area where rays spread is narrower. Therefore, the amount of
energy per unit area incident on the Earth'’s surface is inversely proportional to the area over which solar light spreads.
For example, assuming that the energy of a beam of light is 10 J, and it spreads over surfaces of 10 units and 20 units
separately, in the first case, 1 J (10/10) of energy falls on a unit area, while in the second case, 0.5 J (10/20) of energy falls
on a unit area. The same situation can be applied to (b). Parallel incoming solar rays will spread over different areas at
different angles depending on the surface shape they encounter. Accordingly, the energy transfer per unit area will vary
inversely with the width of the surface.

This equation represents the area where solar rays spread on the Earth’s surface, the area that solar rays have before
encountering any surface, and the angle of incidence. For example, the area where solar rays spread is wider than when.
Consequently, the amount of energy per unit area incident on the Earth’s surface is inversely proportional to the area
over which solar light spreads.

All factors contributing to the formation of seasons, as illustrated in Fig. 3, represent a scientifically grounded frame-
work for understanding the interplay between physical and astronomical phenomena. The CAEFUS model emphasizes
the angle of the Sun’s rays relative to the Earth’s surface and integrates multiple scientific principles crucial for students
to grasp, including:

Fig.2 Heat transfer accord- (O] ()
ing to the angle of incidence
of rays dy km: kilometer
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The CAEFUS model integrates physical and astronomical concepts to understand seasonal changes comprehensively.
Figure 3 outlines the framework, emphasizing the following key factors:

e Axial Tilt: The Earth’s 23.5° axial tilt results in differential solar energy distribution across hemispheres, affecting sunlight
intensity and duration.

e Earth’s Revolution: The elliptical orbit causes varying sunlight angles across regions, underpinning seasonal cycles.

o FEarth’s Spherical Shape: The curvature of the Earth influences sunlight angles by latitude, concentrating energy near
the equator and dispersing it toward the poles.

The core concept—variation in energy per unit area—serves as the foundation for interpreting solar energy distribu-
tion and its role in seasonal patterns. The CAEFUS framework encourages students to refine their mental models through
physical and visual representations, addressing common misconceptions and fostering more profound understanding.

This study addresses challenges in teaching the formation of seasons by exploring “"HOW" physical phenomena con-
tribute to seasonal changes using the CAEFUS model. By analyzing students’pre- and post-instruction explanations, the
study evaluates their alignment with scientific accuracy. Grounding the teaching process in these principles ensures that
students move beyond rote memorization to understand the mechanisms behind seasonal changes comprehensively.

In conclusion, the CAEFUS model provides educators with a structured approach to teaching the formation of seasons,
integrating scientific principles and addressing misconceptions. This method promotes the development of accurate
mental models and enhances students’ cognitive engagement with the subject.

2 Method

Morse's “Simultaneous Quantitative Dominant Mixed-Method Research Method” was employed in this study. In this
method, qualitative and quantitative data are collected simultaneously and analyzed separately, and the results are
interpreted in congruent and incongruent aspects. This approach necessitates using a mixed-method (MM) approach
[24]. Furthermore, this study utilized a quasi-experimental method with two samples [25]. The sample consisted of
148 (72 experimental group + 76 control group) 8 th-grade students attending a public school affiliated with the
Ministry of National Education in Samsun province. The students included in the experimental and control groups
were determined using a simple systematic sampling method. The students were assigned to the experimental and
control groups one by one based on an alphabetical order of their last names. This is a non-random assignment, as
the students were not randomly assigned to the groups. Therefore, the study is classified as quasi-experimental rather
than entirely experimental. Pre-test and post-test measurements were administered before and after instruction, as
well as during the retention test. Both qualitative and quantitative measurements were utilized during the imple-
mentation phase of the study. In the qualitative dimension of the research, in-depth analyses were conducted using
an open-ended question scale to explore context-dependent themes and identify students’'mental models in detail.
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The study’s main theme is to assist in structuring mental models related to CAEFUS. Changes in mental models can
be determined by measuring the development of practical problem-solving skills. Therefore, the data collection process
used a mixed-method (MM) approach. The stages of the research process are outlined in Fig. 4. The teaching of seasons
is part of the science education curriculum for 8 th-grade students. In this study, all 8 th-grade students were combined
and alphabetically sorted by their last names. They were then distributed one by one into the control and experimental
groups. 8th-grade students formed the experimental and control groups from the same school. This aimed to ensure
that both groups were exposed to the same education from the same teachers. |, as the researcher for both groups,
implemented the study. The instructional process of the study lasted a total of 8 lesson hours, with each group receiving
2+ 2+ 2+ 2 hof instruction. Both groups received 8 h of education related to the teaching of seasons. Pre-tests were con-
ducted before instruction, post-tests after instruction, and a retention test was administered 8 weeks after the post-test.
To determine the internal consistency of the Solar and Earth Movements Achievement Test (SEMAT), the KR-20 internal
consistency coefficient was calculated. The item analyses and KR-20 internal consistency coefficients of the pilot and
final SEMAT are presented in Table 1. The KR-20 formula is based on the assumption that each item in the test measures
the same variable and that the test measures the same characteristic [26]. The reliability coefficient ranges from 0.00 to
1.00, with values between 0.80 and 1.00 indicating high reliability, between 0.60 and 0.80 indicating quite reliable, and
below 0.60 indicating low or very low reliability [27]. The KR-20 internal consistency coefficient for the final SEMAT was
calculated as 0.77. Since the lower limit of the reliability coefficient for measurement tools in research is 0.70, this study
provides an acceptable level of reliability. The analysis results confirm that SEMAT is a valid and reliable test for measur-
ing teacher success in astronomical topics.

The initial motivation for this study arose from the observation that, while students understand the reasons for the
formation of seasons, awareness of the underlying physical processes is often lacking. For example, although they rec-
ognize that the Earth’s revolution around the Sun affects the formation of seasons, they do not fully grasp the physical
consequences of this movement and its impact on seasonal changes. As illustrated in Fig. 4, this realization led us to
develop aresearch plan and a corresponding physical model to address this gap. A comprehensive literature review was
conducted at the outset. While being aware of similar studies in the field, the focus was explicitly on those addressing
physical processes or identifying similar gaps in understanding [23, 28-34]. Preliminary qualitative and quantitative
scales were developed to align with the study’s objectives: the Solar and Earth Movements Achievement Test (SEMAT)
and the Solar and Earth Movements Open-Ended Questionnaire (SEMOEQ). Expert feedback was sought during the
development of SEMOEQ to ensure the questions remained focused and concise. Pilot studies validated these scales,
and the reliability and validity of SEMAT were confirmed using SPSS statistical analysis. The pilot study conducted during
the development of the scales used in the research was applied to a group different from the final sample group before
the actual research. Although this research forms part of a more extensive study, pilot data have not been included here
to avoid lengthening the article but are available upon request.

Simultaneously, we developed a draft physical model with expert input while formulating the research questions.
This model was applied multiple times to various groups to refine and address shortcomings. The experimental group
implemented the finalized model, while the control group followed the standard science curriculum. The instructional
process and data collection were carried out concurrently. Both groups were administered a pre-test before instruction,
a post-test after instruction, and a retention test eight weeks later. The collected data were analyzed through content
analysis and SPSS, with findings compared to the conceptual framework and discussed in the conclusion. Participants
were not actively involved in the model’s development process. The researcher independently designed and developed
the model, which was then implemented as part of the instructional phase (intervention). The intervention involved
applying the finalized model to an experimental group while a control group followed the standard science curriculum.
The study’s sequence of activities is outlined below:

Model Development: The researcher developed a physical model based on the CAEFUS concept, ensuring it aligned
with the study’s objectives. This phase was conducted independently and did not involve any participants.

Pre-Test Administration: Both experimental and control groups were administered a pre-test (SEMAT and SEMOEQ) to
assess their baseline understanding of the seasons.

Instructional Phase (Intervention): The experimental group interacted with the CAEFUS-based model during instruction,
while the control group followed the standard science curriculum. Instruction focused on understanding the physical
phenomena underlying seasonal changes, such as axial tilt and solar energy distribution.

Post-Test Administration: After the intervention, both groups were administered a post-test to measure the immediate
impact of the instructional methods.
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Table 1 Test statistics B - L
Item count Average Difficult Average discriminability (rjx KR-20
obtained from item analysis 9 y (pi) 9 y ()
Pilot 0.58 0.39 0.24
Final 0.47 0.56 0.77

Retention Test: Eight weeks later, a retention test was conducted to evaluate the long-term retention of the concepts
taught.

2.1 Data collection and analysis

Quantitative data were collected through SEMAT, a multiple-choice test administered as a pre-test, post-test, and reten-
tion test. Qualitative data were obtained using SEMOEQ, an open-ended questionnaire that allowed students to explain
and visually express their understanding of seasons. Quantitative data were analyzed using ANOVA and repeated meas-
ures analysis with SPSS to compare group performance over time. Qualitative data were coded and categorized as
scientifically correct, partially correct, or incorrect to identify student conceptual understanding changes. Additionally,
one of the quantitative analysis methods, “content analysis,” was used in the qualitative data to examine and interpret
the data systematically.

2.2 Stages of developing the seasons model

During the development of the seasons model, the concept of “the amount of energy falling onto a unit surface depend-
ing on the angle of the Sun’s rays with the Earth’s surface” was planned to be taught. The model was constructed accord-
ing to this plan.

e Scientific information regarding the Sun and the Earth was collected, and the scaling in the model was calculated.
Information regarding the distance between the Earth and the Sun is provided in Table 2.

o Different positions (significant dates) were determined on the model to illustrate the Earth’s orbit around the Sun,
and a fixed but practical model was chosen instead of a movable one.

e Since it was impossible to create the actual sizes of the Sun and the Earth within the same model, three powerful
light-emitting sources were used instead of the Sun.

e Four Pilates balls with a diameter of 85 cm, representing the Earth’s four seasons, were drawn with latitudes and lon-
gitudes, and fixed systems were created to determine Turkey’s position on the Earth. The models used in the research
are given in the appendix at the end of the article (Figs. 10 and 11).

e The axes of the Earth were positioned to indicate the North Star and were fixed on supports at a height of one meter.
Essential dates were written on the supports, and the positions and approximate distances of the Earth on these
crucial dates were calculated.

e Threeidentical (with a capacity of 1000 m) vertical lights were used in the same direction through the centers of the
four Earth models (considering the distances to the Sun). There was a gap of 13 cm between the lights.

e The lights were positioned so that on March 21 and September 23, they would fall on the Tropic of Cancer at the top,
the Equator in the middle, and the Tropic of Capricorn at the bottom.

Table 2 Actual and

. . Date Actual distance (approximately) Scaled distance
approximate distances between sun and
between the sun and the

earth
earth
March 21 between 147,000,000 and 152,000,000 km 139 cm
June 21 between 147,000,000 and 152,000,000 km 140 cm
July 4 (Aphelion) 152,000,000 km 142 cm
September 23 between 147,000,000 and 152,000,000 km 139 cm
December 21 between 147,000,000 and 152,000,000 km 138cm
January 3 (Perihelion)) 147,000,000 km 137.3cm
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Based on this information, Fig. 5 presents the principles underlying the model development process and the steps
related to the model’s construction.

To make this study more understandable, Fig. 5 can be explained as follows;

In this study, four Pilates balls and three light sources (flashlights) were used to develop a model of the seasons. The
flashlights were fixed to a vertical stand, each positioned 13 cm apart. The stand was placed at the center of the model.
Each Pilates ball was marked with the equator and other parallel circles, and a specific region on Earth (Turkey’s location
in this study) was indicated. Straws were placed at the Pilates balls’north and south pole points to represent the Earth’s
axis. The Earth’s axial tilt of 23.5 degrees was considered in the model, and the Pilates balls were positioned according
to the straw indicating the North Pole.

In the first stage of the model (Fig. 6A), the Earth was held in a fixed position, but the four Pilates balls were placed
in different locations (March 21, June 21, September 23, and December 21 equinoxes). The three flashlights on the
wheeled stand, representing the Sun, were positioned at the model’s center and served as a reference point to show the
energy received by different regions on Earth. The Earth was rotated around the Sun while maintaining an axial tilt of
23.5 degrees. In this scenario, it was observed that each region received the same amount of energy per unit area within
itself, and the same season occurred consistently in different regions of the world. Using Turkey as an example, it was
emphasized that the four seasons can only be observed in certain areas.

The axial tilt was eliminated in the model’s second stage (Fig. 6B), and the poles were adjusted to indicate 270 degrees
and 90 degrees. The Earth was rotated around the Sun at this stage, and the same energy distribution was observed. It
was stated that, in the absence of axial tilt, the same amount of energy per unit area would fall on different locations on
Earth throughout the year. This scenario attempted to demonstrate that no region would experience different seasons
and that some areas of the Earth would experience summer throughout the year. In contrast, others would experience
winter or spring.

Finally, an additional flat board was used to explain the Earth'’s sphericity (Fig. 6C) and its effect on the seasons. By
reflecting the three flashlights representing the Sun onto the flat board, it was demonstrated that the energy falling per
unit area was the same across all regions. When the flat board was then lifted, it was observed that the rays from the
upper and lower flashlights spread over a large area due to the Earth’s spherical shape. This showed that the energy per
unit area was lower in areas where the rays were spread and higher in areas where the rays, such as at the equator, were
less spread. When the three factors were combined, it was explained how the energy falling per unit area varies across
different coordinates of the Earth throughout the year and, as a result, how seasons are experienced in other regions.

3 Data collection tools

Various data collection tools were carefully developed and validated to effectively investigate students'understanding
of solar and Earth movements.

a) Solar and Earth Movements Achievement Test (SEMAT),
b) Solar and Earth Movements Open-Ended Questionnaire (SEMOEQ).

Firstly, questions were developed considering the student levels and the related learning outcomes. Information
obtained from national and international sources was utilized while creating the test. Concepts related to “Earth and the
Universe” were identified. It was planned to write at least three questions designed differently but aimed at assessing the
same concept. The first draft of SEMAT was prepared to consist of 13 questions. Expert opinions were sought to ensure
the content validity of SEMAT. Experts were informed about the test’s purpose and were asked to review and evaluate
it accordingly. Based on the experts'evaluations, necessary revisions were made, and the pilot implementation phase
was initiated. The pilot implementation of the draft SEMAT was conducted in five middle schools in the Glimiishane
city center. The pilot study of the draft achievement test was carried out with 65 students. It was determined that the
students completed the test in approximately 25-30 min. A normality test was conducted on the pilot data, and it was
found that the data were normally distributed (p >0.05).

The items of the astronomy achievement test were analyzed to determine their validity and reliability. Correct answers
were given 1 point in the scoring process, while incorrect answers, unanswered questions, and those with more than
one marked option were scored as 0 points. The total score each student received from the test was calculated. An item
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Diagram Representation of the Seasons Model (CAEFUS Concept)

Concept Planning

The concept of "the amount of
ecnergy falling onto a unit
surface depending on the angle
of the Sun's rays with the Earth's
surface" was planned as the
central teaching idea

Data Collection and Scaling

e Scientific information about the Sun
and the Earth was collected.

e Scaling calculations were performed to  Hp|
ensure the model's accuracy.

e Table 1 contains information regarding
the Earth-Sun distance.

Model Design

e Earth's Orbit

e Sun Representation

e Earth Representation
e Axis Positioning

e Light Alignment

e Visual Representation

Earth's Orbit:

e Significant dates representing positions on the Earth's orbit were
determined.

e A fixed and practical model design was chosen instead of a movable
model.

Sun Representation
e Three light-emitting sources:
o Used to replace the Sun.
o Each source had a capacity of 1000 meters.
o Positioned 13 cm apart, simulating solar energy distribution.

Earth Representation
e Four Pilates balls:

o Diameter: 85 cm.

o Represented the Earth during four different seasons.

o Marked with latitudes, longitudes, and Turkey's position.
e Fixed systems were created to stabilize the balls.

Axis Positioning

e Earth's axes were aligned to point to the North Star.

e Supports were used to fix the axes at a height of one meter.

« Significant dates were written on the supports, and Earth’s positions
and distances were calculated.

Light Alignment
e Three vertical lights were aligned to match the Earth's positions during
significant dates:
oMarch 21 and September 23:
*=  The top light falls on the Tropic of Cancer.
=  Middle light on the Equator.
=  Bottom light on the Tropic of Capricorn.

Visual Representation
e The constructed model’s images are in the appendix (Pic. 1 and Pic. 2).

Fig.5 Structured development of the seasons model based on the CAEFUS concept
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Fig. 6 The application steps of CAEFUS in the formation of seasons: a Effect of Earth’s orbit around the Sun, b Effect of axial tilt, ¢ Effect of a
flat or spherical surface using a panel

analysis was conducted based on the responses provided for each item. After scoring, the test scores were ranked from

highest to lowest. Groups were formed by taking the top 27% of the scores as the upper group and the bottom 27% as the
lower group, and item analysis was performed. The item discrimination and difficulty indices were considered during the
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SEMAT sample question
In which numbered location does sunlight cause a greater increase = ‘
in temperature?

e
a) L b) II. c) 1l d)lv. «

e |V

Fig. 7 Example question from SEMAT

item analysis. Questions with low discrimination and unsuitable difficulty indices were either revised or eliminated if they
could not be revised. It was deemed appropriate to ask five questions in the final test. The final test’s reliability coefficient
(pj)1 was found to be 0.64, and the validity coefficient (rjx)2 was found to be 0.68. Accordingly, although the scale is easy,
its discrimination power is excellent [35-37]. An example question from SEMAT used in the study is as follows (Fig. 7):

This study was conducted as part of a broader astronomy research project. The open-ended question form was
administered before SEMAT to ensure that students were not influenced by or prompted by the multiple-choice options
in SEMAT. The SEMOEQ, initially consisting of 10 questions, was reduced to 5 based on expert feedback, one of which
focuses on the concept of “seasons.” The questions were developed with input from five experts. The open-ended ques-
tion addresses the learning outcomes of “seasons” in the 8 th-grade science curriculum, ensuring content validity. Only
the necessary questions were included to minimize distractions and maintain focus on the target learning outcomes. The
time allocated for answering the question was set at 15 min. The open-ended question regarding the “seasons” learning
outcome posed to students in the study is as follows: “Explain the factors influencing the occurrence of seasons and their
reasons. (You may include drawings).”

4 Data analysis

In this study, data were collected using the SEMAT and SEMOEQ scales. These data sets were collected simultaneously,
analyzed separately, and interpreted together.

4.1 Analysis of quantitative data (SEMAT)

In this study, data were collected using the SEMAT and SEMOEQ scales. These data sets were collected simultaneously,
analyzed separately, and interpreted together. The analysis of SEMAT was carried out as follows: The data obtained
from the implementation of SEMAT were analyzed using the SPSS 22.0 statistical software. The test applied in the
study was administered three times: pre-test, post-test, and retention test. Before the implementation, classes were
randomly selected and classified into control and experimental groups. The same scale was applied to both groups
before and after the implementation, with equal time intervals and conditions. The retention test is typically con-
ducted between 1 week and 6 months after the post-test in experimental studies. This duration provides a sufficient
time frame to measure how long students retain the information they have learned. However, this period may vary

1 The item difficulty index (pj) represents the ratio of the number of students answering the item correctly in both the upper and lower groups to
the total number of students in those groups. This index ranges from 0.0 to 1.0, and as the value approaches zero, the difficulty level of the item
increases, while as it approaches one, the difficulty level decreases. Typically, a difficulty index of around 0.50 is desirable in achievement tests, as
it indicates a moderate level of difficulty. The item difficulty index can be classified as follows: 0.00-0.19 is very difficult, 0.20-0.34 is difficult, 0.35-
0.64 is moderately difficult, 0.65-0.79 is easy, and 0.80-1.00 is very easy [35, 36].

2 The item discrimination index (rjx) indicates the degree to which an item differentiates between high-achieving and low-achieving students. This
index ranges from -1 to+ 1, with values closer to zero indicating low discrimination, values closer to+ 1 indicating high discrimination, and values
closer to -1 indicating high discrimination in the opposite direction. The item discrimination index can be classified as follows: 0.19 and below is
very weak, 0.20-0.29 requires improvement, 0.30-0.39 is good, and 0.40 and above is excellent [34-36].
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depending on the purpose, topic, and characteristics of the participants in the study. The retention test is usually
planned to take place over a longer time frame, as its purpose is to observe how long the learned information is
retained. In this study, the retention test was conducted 8 weeks after the post-test. This duration was selected as
an adequate time frame to assess how long and to what extent students retained the information they learned. The
8-week period aims to provide a more reliable indicator of the long-term retention process of the information [34]. The
pre-test assessed the students’prior knowledge of the concept under investigation before the teaching process. The
post-test assessed whether the teaching had achieved its intended outcomes after the intervention. Eight weeks after
the post-test, the same test was administered again as the retention test. Descriptive statistical analyses (normality
tests, validity, and reliability analyses) were conducted on the data obtained from SEMAT. Throughout the analysis
process, the normal distribution of the data was examined to determine whether parametric or non-parametric
analysis techniques should be used. The sample size should exceed 30 to perform parametric analysis, and the data
must follow a normal distribution. In this study, the number of participants in the experimental and control groups
exceeded 30, satisfying the first assumption. Another criterion, the Kolmogorov-Smirnov normality test, indicated
a p-value greater than 0.05, confirming the normal distribution of the data.

Before conducting parametric analyses, it is essential to check whether the assumptions of the ANOVA technique,
which is planned for use in the analysis, are met [38]. The assumptions of the ANOVA technique are as follows:

- Measurements of the dependent variable are at least interval-level.

- The scores of the dependent variable are normally distributed within each subgroup.

- The variances of the scores obtained in the groups are equal.

- The covariances of the groups’pairwise combinations are equal.

- The difference score calculated for any subject is independent of the difference score calculated for other subjects.

SEMAT is an interval-level scale, and the dependent variable scores are normally distributed in each subgroup. Thus,
the first two assumptions are met. To determine whether the variances of the scores obtained in the experimental and
control groups are equal, Levene's Test was applied to the pre-test, post-test, and retention test scores of the groups to
assess variance homogeneity. The results indicated no significant difference between the variances.

Repeated measures designs differ from classical variance analysis. In repeated measures, observations obtained from
the same subject over consecutive short time intervals may be more highly correlated than those obtained over longer
intervals. In repeated measures data, this correlation structure is referred to as the variance—covariance structure of the
data. A covariance model that includes the actual covariance structure is needed to obtain accurate results from the analy-
sis of repeated measures data. Covariance analysis (ANCOVA) is typically used in pre-test/post-test control group designs
to test whether there is a significant difference between the post-test scores of the experimental and control groups. The
pre-test scores are defined as covariates [38]. The logic of covariance analysis is to remove the variance in the dependent
variable attributable to the covariate and then determine whether the remaining variance in the dependent variable
is attributable to the independent variable. ANCOVA is the most common method for controlling a variable in analysis,
i.e., eliminating its effect [39]. If the groups are unequal, ANCOVA can also be used to equalize them. For example, in a
study comparing different teaching methods using non-randomly selected students, there may initially be a difference
in intelligence between the groups. If the groups are believed to be unequal, ANCOVA can be used to equalize them. In
this way, the effect of intelligence is removed before comparing group means on the dependent variable. When randomly
assigned groups, ANCOVA is an excellent method for comparing differences between two groups [40]. The assumption
of equality of covariance matrices between groups, the following assumption in the study’s sample group, was analyzed
using Box’s M test. If the p-value obtained from Box’s test is greater than 0.05, covariance equality can be assumed.

The covariance equality of the groups concerning SEMAT scores was tested, and it was determined that the covari-
ances were equal (F6-160156.255 =4.304, p > 0.05). Thus, the fourth assumption was also met. Moreover, the difference
score calculated for any subject is independent of the difference score calculated for other subjects, meeting the final
assumption. In this study, the mixed-design ANOVA technique was selected to assess the astronomy achievement of
students in the experimental and control groups. The comparison of the experimental and control groups involved
“independent samples,” while the repeated application of the pre-test, post-test, and retention tests involved “related
samples.” Because this method encompasses the measurement of different groups and the repeated measurement of
the same groups at other times, a mixed-design variance analysis method was used.
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4.2 Analysis of qualitative data (SEMOEQ)

The answers given by students to open-ended questions were categorized as scientifically correct, scientifically
partially correct, and scientifically incorrect. Students who made an entirely correct explanation by drawing correctly
on the diagram were coded as scientifically correct; students who made a partially correct explanation by provid-
ing incomplete explanations on the drawing or only the explanation were coded as scientifically partially correct;
students who made both the drawing and the explanation wrong were coded as scientifically incorrect. The quali-
tative data collected in this study dimension were analyzed using the content analysis method, and a quantitative
coding approach was applied. The percentages and frequencies of the obtained data were determined. Changes
in students’'mental models, defined by their drawings for 3 tests before and after the application, were analyzed.

The SEMOEQ analysis applied to the students was analyzed using the content analysis method. In this process,
the responses and drawings to the question “Explain how seasons are formed by drawing” were examined, and
codes and categories were created for the expressions and drawings. First, while reviewing the pre-test data, the
papers were read individually, and no codes or categories were created during this process. After gaining a general
understanding, building codes and categories for the expressions began. While determining codes, two researchers
independently worked on the same dataset, dividing it in half. Then, a consensus was reached regarding whether
the codes were consistent and whether the agreed-upon codes were used as they were. Discussions were held to
resolve discrepancies and reach common ground. Open-ended question forms were re-read through the codes.
The expressions were classified based on content similarity to determine the mental models for the responses,
and names were given to each classification to define the main categories [41]. The findings were presented in
tables under the findings section. When creating the tables, category diversity was considered, and repetitive
definitions were omitted. Furthermore, expressions that addressed multiple categories were evaluated in various
categories. Therefore, it can be expected that the number of expressions in the tables may differ from the number
of assessed forms. To ensure reliability in the data analysis of qualitative research, another expert researcher in the
field independently repeated the data analysis process, and the consistency of the codes and categories created
by the researcher was checked. In the analysis, consistent codings were indicated as “Agreement,” while inconsist-
ent codings were noted as “Disagreement.” The reliability calculation obtained from these codings was performed
using the following formula [42].

Agreement
Agreement + Disagreement)

X 100 2

Two separate researchers analyzed the open-ended questions and created 9 different categories for each. Both
researchers created 10 coded categories for each question. Eight were common, while one category differed from
the first researcher and one from the second researcher.

9

9 x100=%8138
ora+n " (3)

Based on this result, the consistency percentage of the data analysis was determined to be 81.8%. According to
Simsek and Yildirim [43] a consistency percentage of 70% indicates that the coding is reliable. Examples of catego-
ries of disagreement between the two researchers are provided below. In the question asking for an explanation
of how seasons are formed, one researcher created a category called “Change in the angle of solar radiation,” while
the other made a category called “Change in the angle at which solar radiation reaches the Earth.” Both categories
were merged to form a single category, “Change in the angle of solar radiation relative to the Earth’s surface.”

5 Findings and interpretation

This section focuses on the findings resulting from the analyses that were conducted. The findings are organized and
presented to address the sub-objectives. Visual elements such as tables, figures, and graphs are used in presenting.
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5.1 Findings related to SEMAT

At this stage, the pre-test results of the experimental and control groups were evaluated using one-way ANOVA for
unrelated samples. Table 3 presents descriptive statistics for the pre-test results of students’astronomy achievements.

Table 3 highlights the experimental and control groupsremarkably close pre-test mean scores. This led to the conduct
of one-way ANOVA to assess the score differences between the experimental and control groups, which were formed
according to students'grade levels. The results of the analysis are presented in detail in Table 4.

According to Table 4, there is no significant differentiation before experimental application
(F<spanciass='converténdash'>4—74</span> = 1,741, p> 0.05). This result indicates that the groups’achievements related to the
concepts and events under study were equivalent before the intervention.

To assess whether there is a significant difference in the achievement levels between the experimental and control
groups, one-way analysis of variance (ANOVA) technique was used for the measurements. Descriptive analysis A of the
experimental group students'SEMAT pre-test, post-test, and retention test results are presented in Table 5. This table will
assist us in visually understanding the analysis results.

According to Table 5, the experimental group showed an increase in the average scores in the SEMAT analyses on the
post-test and a greater increase in the retention test. A total of five questions were asked to the eighth-grade students.
The average score was 1.52 on the pre-test, increased to 3.21 on the post-test, and rose to 3.76 on the retention test. In
the control group, the average score was 1.82 on the pre-test, increased to 2.87 on the post-test, and rose to 3.30 on the
retention test. Given that five questions were asked, the numerically small values carry significant meanings. To deter-
mine whether the SEMAT achievement scores of the experimental and control groups differed significantly, a one-way
repeated measures analysis of variance was conducted for each group. The data for the one-way analysis of variance are
presented in Table 6.

According to Fig. 8, the average scores for pre-tests, post-tests, and retention have increased in the experimental
group of students. Five questions were asked. The average score was 1.52 on the pre-test, which increased to 3.21 on the
post-test, and the average rose to 3.76 on the retention test. Findings regarding the statistical significance of the data
obtained from the tests are provided in Table 6.

The pre-test results of the control group students showed an average score of 1.82. This average increased to 2.87 in
the post-test. The retention test average was 3.30.

A one-way repeated measures ANOVA was conducted to determine whether there was a significant difference in the
SEMAT achievement scores of the experimental group students. The data for this ANOVA are provided in Table 6.

Table 3 Descriptive statistics

Group N Arithmeticmean  SD Skewness Kurtosis
for SEMAT
Experimental 72 1.52 0.905 0.555 0.252
Control 76 1.82 1.016 0.256 —0.402
Table 4 One-way ANOVA Source of variance SS df MS F p
results for SEMAT pre-test
scores of experimental and Between groups 1.741 4 0.435 0.517 0.724
2&22“" group students by Within groups 58.979 70 0.843
Total 60.720 74
Table 5 Descriptive statistics Group Test N Arithmetic SD Skewness Kurtosis
for SEMAT pre-test, post-test, mean
and retention test results of
experimental group students  gyperimental Pre-test 75 1.52 0.90 0.562 0.264
Post-test 76 3.21 1.23 -0.073 —0.851
Retention 77 3.76 0.98 -0.618 0.281
Retention Retention 78 1.82 1.01 0.238 -0.439
Retention 80 2.87 117 -0.321 -0.278
Retention 79 3.30 1.13 -0.837 1414
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Table 6 One-way ANOVA Group Source of variance SS df MS F p n2
results for students’'SEMAT
achievement scores Experimental Pre-post-retention test 201.400 2 100.700 91.396 0.000 0.449
Error 246.802 224 1.102
Total 448.203 226
Control Pre-post-retention test 90.891 2 45.445 36.809 0.000 0.240
Error 287.664 233 1.235
Total 378.555 235
Fig.8 Changesin SEMAT 4
scores by group throughout ® 3.76
the process 3.5
377 33
3
2.87
2.5
2
1.82
15 @1.52
1
0.5
0
Pre-test Post-test Retention-test
@ Experimental Control

Table 6 shows a significant difference between the pre-test and post-test scores of the experimental group (F =91.396,
p < 0.05). These results indicate that the teaching model used was effective in instruction and led to a significant dif-
ferentiation. They were additionally, based on the eta squared (nz) value, it can be said that the teaching with the Solar-
Earth models developed within the scope of the research had a considerable impact on students’SEMAT achievements
(n%=0.449).

In the control group, there is also a significant difference between the pre-test and post-test scores (F =45.445, p <
0.05). These results also indicate that the teaching model used was effective in instruction and led to a significant differ-
entiation. Moreover, according to the eta squared (n?) value, the impact of the teaching method used on students’'SEMAT
achievements can be considered moderate (n%= 0.240).

Eta squared is a statistical value that measures the effect of an independent variable on the dependent variable. It
expresses the percentage of the total variance in the dependent variable explained by the independent variable and
usually falls within the range of 0.00 to 1.00. Eta squared helps us determine the effect size for each main effect, interac-
tion, and error in ANOVA analyses. These statistics allow us to assess the magnitude of the independent variable’s impact
on the dependent variable without the need for linearity assumptions. Additionally, 0.02, 0.13, and 0.26 values typically
represent small, medium, and large effect sizes, respectively [40]. Eta squared assists researchers in better understanding
their data and the number of independent variables involved.

According to Table 6, the analyses conducted within the experimental and control groups revealed that both meth-
ods were effective. For this purpose, pairwise comparisons (pre-test vs. post-test; post-test vs. retention test; pre-test
vs. retention test) were performed using one-way analysis of variance followed by pairwise comparisons (Bonferroni) in
both groups, and significant differences were observed within each group. (Consequently, in addition to quantitative
analysis, qualitative questions were posed to determine the students'cognitive structures. Such a result is inevitable as
new and interesting information is learned more easily. The primary question of interest here is to seek an answer to
the “HOW” question, which is to determine how well the students understood the underlying physical processes of the
information they learned (HOW IT HAPPENED). Therefore, SEMAT was supported with SEMOEQ.)

Table 7 presents Bonferroni results regarding the differences in mean scores of pre-test and post-test students in the
experimental group.
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Table 7 PairV\{ise comparisons Group Comparison Mean difference Standard error p
of SEMAT achievement
scores of experimental group  gxperimental Pre-test Post-test -1.730 0.143 0.000%**
students Retention - 2.189 0.158 0.000%%*
Post-test Pre-test 1.730 0.143 0.000%**
Retention -0.459 0.132 0.003**
Retention Pre-test 2.189 0.158 0.000%**
Post-test 0.459 0.132 0.003**
Control Pre-test Post-test -1.013 0.147 0.000%**
Retention —1.462 0.169 0.000%**
Post-test Pre-test 1.013 0.147 0.000***
Retention —-0.449 0.146 0.01*
Retention Pre-test 1.462 0.169 0.000%**
Post-test —0.449 0.146 0.01*

0.05 < p <0.10 Marginal significance

*0.01 <p <0.05 Statistically significant

**0,001 <p <0.01 High level of statistical significance
***p <0.001 Very high level of statistical significance [58]

Table 7 shows a very high level of statistically significant difference between the pre-test and post-test scores of the
experimental group (p <0.001). Considering the average scores, this difference favors the post-test. Given these results,
teaching with the Sun-Earth model developed within the research scope effectively improves student achievement.
When the difference between this group’s pre-test and retention test scores is examined, a very high statistically sig-
nificant difference is again determined (p <0.001). Considering the averages, the difference favors the retention test.
Additionally, a high level of statistically significant difference is found between the post-test and retention scores of the
students (001 < p <0.01). Considering the averages, the difference favors retention. When all findings are considered, it
can be said that the teaching with the Sun-Earth model developed within the scope of the research serves its purpose.

In the control group, while a very high level of statistically significant difference is found between the pre-test and
post-test scores (p <0.001), considering the averages, this difference favors the post-test. When the difference between
this group’s pre-test and retention scores is examined, a very high level of statistically significant difference is also found
(p <0.001). Considering the averages, the difference favors the retention test. Additionally, a statistically significant dif-
ference is found between the post-test and retention scores of the students (01 <p <0.05). Considering the averages,
the difference favors retention. When all findings are considered, it can be said that teaching with the Sun-Earth model
developed within the scope of the research serves its purpose.

The achievements of the experimental and control groups in the applied tests were examined within each group.
Following this examination, comparisons were made between the groups and the measurements to determine (if any)
the differentiation between the teaching method with the physical models developed within the scope of the research
and the teaching methods used in the National Education curriculum. For this purpose, a two-way analysis of variance
technique for mixed measurements was used to compare the measurements and the groups.

We examined the findings related to the change in the groups'SEMAT scores, and Table 8 shows the results of the
two-way analysis of variance.

According to Table 8, the results obtained from the achievement tests applied to the groups show a significant differ-
ence between the groups without separating the achievement scores into pre-test, post-test, and retention test (F =7.625,
p < 0.05). Additionally, this difference is also determined separately for each of the three tests when evaluating achieve-
ment between the groups (F =168.445, p < 0.05). These results indicate that the teaching methods and techniques used
in both groups affect achievement. A post-hoc (Scheffe) multiple comparison analysis was conducted to determine which
specific pairs of subgroup mean scores contribute to this difference. The results of this analysis are presented in Table 9.

When analyzing the data, a significant result favoring the experimental group is observed across all three applications.
For a more precise interpretation of this change, refer to Fig. 9.

Upon examining Fig. 9, an increase is observed in both groups in the comparisons between the pre-test and post-test
and between the post-test and retention test. However, upon closer inspection, it is evident that although the experi-
mental group had lower scores than the control group in the pre-test, they exhibited a higher increase in the post-test
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Table 8 ANOVA results for Source of variance SS df MS F o] n2
SEMAT achievement scores
of experimental and control Between Groups 321.298 145
group students Group (Experimental-Control) 15.642 1 15.642 7625 0006 0214
Error 305.656 149 2.051
Within Groups 458.193 300
Measurement (Pre-Post-Retention) 228.941 2 114.470 168.445 0.000 0.337
Group*Measurement 27.342 2 13.671 20.117 0.000 0.450
Error 202.512 298 0.680
Total 779.491
Table 9 POSt'HO,C (Scheffe) Measurement Group N 1 2 3
results for experimental and
control groups Pre-test Experimental 74 1.54
Control 78 1.82
Pos-test Experimental 79 3.21
Control 76 2.86
Retention test Experimental 79 3.76
Control 77 3.03
Fig.9 Graph of changes 4
based on group and measure- 35
ment
3
2.5
2
1.5
1
0.5
0
Pre-test Post-test Retention-test
Experimental Control

than the control group. Similarly, there was a more significant increase in the retention test in the experimental group
compared to the control group. It can be inferred that the difference between the two groups arises from these instances.

In conclusion, in teaching any concept or phenomenon, it is natural to achieve a certain degree of learning, regardless
of the method or technique employed. This is unavoidable. However, the critical aspect is determining the extent and
depth of the effectiveness of the employed method. Examining Fig. 9, it is evident from the SEMAT results that learning
has occurred (naturally) in both the experimental and control groups. Although the changes appear minor according to
the graph, slight increases or decreases are significant when considering a 5-point test. According to Fig. 9, the control
group started with a score of 1.82 before the teaching process, while the experimental group began with a score of 1.52.
The study commenced with a 6% advantage in favor of the control group. However, the final test results showed an
advantage for the experimental group, which scored 3.21 compared to the control group’s 2.87. This resulted in a 6.8%
advantage for the experimental group post-instruction. Compared to the pre-test scores, there was a 12.8% improve-
ment in favor of the experimental group.

After 8 weeks, the retention tests revealed a further increase in this difference. It can be interpreted that the experimen-
tal group internalized the knowledge and developed mental models from the instruction provided through the study’s
developed model. The experimental group reached a score of 3.76, while the control group achieved a score of 3.30.The
retention rate in the experimental group was 75.2%, whereas in the control group it was 66%. Considering the change
from pre-test to retention, the experimental group showed a 44.8% increase, while the control group exhibited a 29.6%
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increase. As previously mentioned, some degree of increase is inevitable regardless of how the teaching is conducted.
The crucial point is the magnitude of this increase. Additionally, open-ended questions were posed to the students to
determine whether these improvements in both groups were superficial or deep. Understanding the formation of seasons
likely involves knowledge of axial tilt, the Earth’s spherical shape, and, most importantly, the Earth’s orbital (revolution)
movement around the Sun. However, learning how these factors physically influence the formation of seasons requires
a deeper understanding. This study was designed with this perspective in mind.

5.2 Findings of descriptive analysis of students’responses to open-ended questions (SEMOEQ)

To determine whether deep learning occurred, we asked the students “HOW. We also informed them that they could
use drawings while providing their explanations. We compared the data obtained from SEMAT with the SEMOEQ data.
During the content analysis, we established categories. These categories and correct responses are given in Table 10.

When SEMOEQ data is analyzed, both groups are expected to give a high percentage of correct answers in categories
2 and 3.This is a predictable result, as the effects of these factors on the formation of seasons are emphasized at every
stage of education throughout the teaching process. The distinguishing categories here are 1, 4, and 5. The variations in
these categories can be interpreted as students conceptualizing the underlying physical phenomena responsible for the
formation of seasons. Category 7, on the other hand, represents a misconception. In the control group, some students
believed that the Earth's distance from the Sun affects the seasons, even after the instructional process had concluded.

Upon examining the table, it becomes evident that the explanations provided by students in the experimental group,
specifically in categories 1, 4, and 5—demonstrating their understanding of the physical phenomena based on scientific
principles—were learned more effectively and retained better than those in the control group. When these findings are
interpreted in conjunction with the SEMAT, it can be concluded that an effective teaching method was applied to the
experimental group.

The scope of the open-ended question prepared for students is about how the seasons are formed. To ensure objectiv-
ity in the study, responses given by ten students systematically selected from each group were meticulously analyzed for
the pre-test (P), post-test (S), and retention test (R). Attention was paid to systematic selection by skipping every eighth
student, starting from the first student selected. The responses provided by the students are presented in Table 11.

Table 10 shows that the pre-test scores for categories 6, 7, and 8 are significantly high in the experimental and control
groups. This indicates that both groups possess conceptual misunderstandings regarding the formation of seasons. Data
obtained during the study, particularly in categories 6 and 7, reveal a misconception about the elliptical movement of
the Earth around the Sun and the effect of the hemisphere facing the Sun on the formation of seasons. However, the
distance between the Earth and the Sun does not influence the formation of seasons. This is one of the most significant
misconceptions in these categories. When examining the post-test results, a decline is observed in both groups, but it
was found that all members of the experimental group eliminated these conceptual misunderstandings. The retention
test administered to the experimental group showed that the models used prevented the reoccurrence of these concep-
tual misunderstandings. In contrast, in the control group, the rate of conceptual misunderstanding increased from 3.4%
to 6.9%, indicating that the teaching method used in the control group resulted in relatively low retention of learned
knowledge. These findings suggest that adequate, appropriate models that do not cause conceptual misunderstandings
enhance knowledge retention in education.

Table 10 reveals that Item 8 contains responses not included in the first seven items and is scientifically inaccurate.
For instance, responses suggesting that the Sun revolves around the Earth or that the Moon influences the formation of
seasons due to its orbit around the Earth are considered scientifically unfounded and have therefore been categorized
under“Other.” In this category, several conceptual misunderstandings were observed in both groups during the pre-test.
However, in the post-test, the experimental group’s misunderstanding rate decreased to 3.4%, while the control group’s
rate dropped to 6.9%. The decline in the experimental group was comparatively more pronounced. Nevertheless, contrary
to the study’s objectives, the retention test increased the experimental group’s rate to 6.9%.

Table 11 indicates that the students were systematically selected to avoid random errors. Upon careful examination of
the data, it is observed that the readiness of the groups before the teaching process was equal (The more detailed ver-
sion of the table is provided in the “Appendix” section for further examination.). The most significant change observed in
the experimental group after the teaching process was the inclination of axes in their drawings. Upon closer inspection
of the drawings, it was determined that the drawings of the experimental group were scientifically more accurate. The
inclination of the axes, not observed in the drawings of the pre-test, was reflected in the post-test and retention tests.
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Table 11 Student explanations regarding “how are seasons formed?”

Stu | App l Experimental gr. Control gr.
o "\ o e ) YANITSIZ
\\ b b g
-
10
! [s70 Lo "
S~
U
K o
[o] YANITSIZ
26 S
K YANITSIZ
o
-
34
s
K
58 o
s :_) - -
= — S —— _—

*(O: Pre-test; S: Post-test; K: Retention-test; YANITSIZ: UNANSWERED; Aralik: Dec; Eyliil: Sep; Mart: March; Haziran: June; Giines: Sun; Diinya:
Earth; ilkbahar: Spring; Sonbahar: Autumn/Fall; Kis: Winter; Yaz: Summer; KYK: Northern Hemisphere-NH; GYK: Southern Hemisphere-SH

Responses from selected students, specifically those numbered 10, 26, 34, and 58 from the experimental and control
groups, were analyzed.
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For student 10, it was observed that the experimental group student considered the effect of Earth’s 23.5-degree axial
tilt on the seasons. In contrast, the control group student explained the seasons without considering this tilt.

For student 26, the experimental group emphasized axial tilt, while the control group students provided a rote expla-
nation without considering axial tilt. Additionally, when examining the retention test, the control group student failed
to explain, whereas the experimental group student successfully answered by referencing axial tilt.

For student 34, the experimental group student’s response included a more detailed representation of axial tilt. Fur-
thermore, the retention test results demonstrated that the knowledge gained by the experimental group student was
retained, indicating the effectiveness of the intervention.

Student 58's responses from the experimental group showed some prior knowledge before the study. However, this
student provided more organized and meaningful explanations following the survey. In contrast, the control group
student’s responses showed no significant improvement between the pre-and post-intervention phases.

The results obtained from the two separate teaching processes for the experimental and control groups, based on
their achievements in the study, are as follows:

The descriptive statistics of the experimental and control groups appear to be similar. Additionally, it was found that
the classes’readiness before the teaching process was low.

In the control group, although students referring to the inclination of axes were identified, their drawings indicated
that they could not think in three dimensions, only at the level of learning from two-dimensional sources. Additionally,
in the experimental group, some students'explanations of the formation of seasons, mentioning “sphericity” and “orbital
motion,”indicate that they were able to reach levels of understanding, application, and even analysis beyond the level of
recalling the formation of seasons, as they were able to reflect this in their drawings. Unlike multiple-choice test analyses,
open-ended questions demonstrate that the explanations and drawings made by students in the experimental group on
the formation of seasons were more straightforward compared to those of the control group. Moreover, in both groups,
some students clearly did not understand the formation of seasons, but this number was higher in the control group.

6 Discussion and conclusion
6.1 Discussion

The findings of this study are consistent with the existing literature that highlights the importance of materials and
models in education and are supported by recent studies. The impact of model use on student achievement and its
role in teaching scientific concepts are explained in our research. The nature of the seasons is considered one of the
most challenging scientific concepts to be grasped. A recent study found that students often struggle to understand
the scientific basis of this topic, mainly when taught using both augmented reality and physical models. The literature
also reports similar findings [43-471].

Our research shows that the CAEFUS model helped students better understand the relationship between axial tilt and
the Earth’s orbital motion. This result aligns with current literature, confirming that using models significantly enhances
students’conceptual understanding. Recent research also supports the effectiveness of model use. Chen and Lin noted
that using models to understand scientific concepts contributed to students’conceptual change and improved their
learning processes [48]. Similarly, Soliman and Moorthy reported that models enhanced students’performance in under-
standing physical phenomena [49]. These findings reinforce the educational impact of model use.

Students'difficulties in understanding the relationship between axial tilt, the Earth’s orbit, and the amount of energy
affecting seasons are also supported by current research. Sanchez et al. addressed the challenges students face in under-
standing concepts related to the formation of seasons and suggested that these difficulties could be overcome with
appropriate teaching strategies [50]. The model developed in this research and the study is aligned with these findings.
The students'struggles to understand axial tilt and energy about the formation of seasons were examined by Zhang and
Liu and it was shown that effective models play a crucial role in addressing these issues. [51].

Recent literature examining the impact of models on learning reveals that model-based learning strategies effectively
enhance students'conceptual understanding. Karatas and Yildiz noted that model-based learning contributes to a deeper
understanding of knowledge [52]. Nair et al. also emphasized that models are a crucial tool for helping students grasp
physical concepts [53]. Understanding physical phenomena is also supported by current research. Patel and Sharma
highlighted the contributions of models in helping students understand and analyze physical events, demonstrating
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that model use is effective in understanding the mechanisms behind scientific concepts [54]. Therefore, the findings of
this research support the existing literature and serve as a foundation for future studies.

These findings support the study’s results and reinforce the importance of models in education. Additionally, they
can serve as a basis for future research and provide new approaches for improving educational materials and methods.

7 Conclusion

In the new curriculum introduced by the Ministry of National Education, models are recommended as one of the most
effective methods for teaching astronomy concepts. However, the models must closely align with reality, crucial in
shaping students’'mental schemas. In this context, the CAEFUS model, developed within the scope of this research, was
employed to evaluate its impact on student achievement. It was observed that the CAEFUS model significantly enhanced
students’'understanding of the formation of seasons. The model helped students comprehend the role of axial tilt, the
Earth's orbital motion around the Sun, and the effect of the amount of energy on the formation of seasons. The visual
and concrete representations provided by the models enabled students to learn these concepts more effectively and
take a more active role in the learning process.

This research demonstrated that students quickly learned that the Earth’s distance from the Sun does not influence
the formation of seasons through their explanations and visual representations. Similarly, Galano emphasized that the
Earth’s distance from the Sun does not affect the seasons [55]. Trumper found that while students from elementary to
university levels acknowledged that the Earth's axial tilt causes seasonal changes, they struggled to explain the tempera-
ture differences between summer and winter [56]. Henriques also found that while students understood that the Earth'’s
distance from the Sun did not affect the seasons, they had difficulty explaining why [57]. However, in this study, students
in the experimental group better understood the relationship between the axial tilt and the Earth’s orbital motion with
the nature of the seasons and were able to depict it visually. This suggests that the CAEFUS model is effective in student
learning. Galano et al. noted that while students could understand the effects of axial tilt and the Earth’s orbit on the
nature of the seasons, they struggled to connect the energy received by the Earth with the varying angles of sunlight [55].
Thus, using appropriate models is critical in deep scientific learning instead of superficial understanding. Consequently,
the CAEFUS model effectively influences students’explanations and visual representations of the nature of seasons.

Additionally, an increase in achievement was observed in both the experimental group, where models were used, and
the control group, where only textbook images and text were utilized. However, this increase was more pronounced in
the experimental group. These findings indicate that understanding the nature of seasons—particularly the concept
of a tilted axis and the Earth’s orbit around the Sun—is one of the most challenging concepts to grasp. Students in the
experimental group developed different perspectives when interpreting the nature of seasons compared to the control
group, as the model presented to them was as free of conceptual misconceptions as possible. Understanding the role of
the amount of energy on the nature of seasons helped students better grasp the concepts of Earth’s axial tilt, orbit, and
even its sphericity. As a result, students'explanations and visual representations of the nature of seasons helped clarify the
relationship between the transfer of solar energy and the Earth'’s surface area, thereby enhancing student achievement.

The simultaneous occurrence of many physical events shapes the nature of the seasons. For example, questions
such as how seasons would be affected if the Earth were not spherical, if there were no axial tilt, or if the Earth did not
orbit the Sun were explored using models. Exploring these questions helped students establish relationships between
hypothetical situations and current conditions. In this context, the models used helped measure and observe different
conditions, improving students’abilities to analyze and imagine, thus enabling them to explain the nature of seasons
more meaningfully and represent it visually.

Moreover, the model developed in this study emphasizes the interplay of scientific and physical principles essential
for teaching the nature of seasons. While specifically designed for astronomy education and explaining the concept of
seasons, the model’s design elements—such as representing energy distribution on surfaces and employing scaled
physical models for teaching—have the potential to be adapted to other scientific fields. The model can be adapted to
various fields, such as geography and climate studies, to explain solar energy distribution across different latitudes or
seasonal variations in climate zones. In physics education, the principles of light incidence and energy transfer used in the
model can serve as a teaching tool in optics or thermodynamics courses. Additionally, in environmental science, concepts
of energy balance and solar radiation can be demonstrated to explain climate change and its effects on ecosystems.
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In summary, with necessary adaptations, the CAEFUS-based model can be utilized in various educational contexts to
facilitate the understanding of complex scientific concepts beyond the study of seasons.

8 Recommendations

Educational materials and models should be continually updated and supported by innovative approaches to be more
effective. Future research could benefit from comparing the effects of different types of models and improving model
design. Additionally, various methods and tools should be employed when teaching students scientific concepts. For
example, teaching methods supported by new technologies such as augmented reality and simulations should be
explored.

Longer-term studies should be conducted to assess the long-term effects of models and materials. Such research could
help measure how long students retain the concepts they learn and how persistent their understanding is. Educational
programs should provide students with superficial information and deep content that helps them understand the physi-
cal mechanisms behind this information. This will help improve students’conceptual understanding and enhance their
ability to apply their knowledge.

These recommendations could guide future research and practices aimed at increasing the effectiveness of educa-
tional models and supporting student achievement.
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Fig. 10 Differencesin the
distribution of sun rays on the
earth’s surface with flat plate
and spherical surface

Fig. 11 Calculate the energy
falling on a unit surface as
the Earth orbits the Sun and
reaches different regions at
different angles

Example Lesson Plan

Topic: Teaching the Formation of Seasons
Target Audience: 8 th Grade Students
Lesson Duration: Planned for 2 class periods

1 st lesson plan: formation of seasons—basic concepts and model setup

Objective: Students will learn the key factors affecting the formation of seasons and the role of energy falling per
unit area. They will visually explore the effect of these factors on the seasons through a model.
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Fig. 12 Experimental group student number 10
a. Introduction (5 min)
a Brief Introduction: A short conversation with students about why seasons change.

Introduction of Objectives: Students are expected to learn about the factors influencing the formation of seasons and
how these factors relate to energy falling per unit area.

b. Teaching New Information (10 min).

b Explanation of the Formation of Seasons:
c The effects of the Earth's shape, axial tilt, and movement around the Sun on seasons will be explained.
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Fig. 13 Control group student number 10
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Fig. 14 Experimental group student number 26
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Fig. 15 Control group student number 26
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Fig. 16 Experimental group student number 34
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Fig. 17 Control group student

number 34

KiBetention:,
test.

The relationship between the amount of energy falling per unit area and the formation of seasons will be clarified.
Model Setup (15 min).

Plates and Flashlight System:

Four plates representing the equinoxes and solstices will be placed.

Three strong flashlights (simulating the Sun) will be set up.

Students will observe different Earth positions around the model and understand how rays of light fall on various
regions.

SQ o N a
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Fig. 18 Experimental group student number 58
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Fig. 19 Control group student
number 58
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Table 1,2 Tran;late theTurkish Turkish English Turkish English Turkish English
terms into their English
equivalents Ontest (0) Pre-test Aralik December ilkbahar Spring
Sontest (S) Post-test Eylul September Yaz Summer
Kalicilik testi (K) Retention-test Mart March Sonbahar Autumn/Fall
YANITSIZ UNANSWERED Haziran June Kis Winter
Glines Sun Kuzey Yarim Northern Hemi-  Giiney Yarim Southern
Diinya Earth Kire (KYK) sphere (NH) Kiire (GYK) Hemi-
sphere (SH)
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Figure A The Earth’s orbit around the Sun is one of the key factors in the formation of seasons. When combined
with the Earth’s axial tilt, it results in different seasons occurring in various regions of the world at different times of
the year. Imagine if the Earth had no axial tilt and simply orbited the Sun, rotating around its axis as it does now. For
364 days and 6 h, each region would experience the same season. The equator would remain hot, the poles would
be extremely cold, and the temperate regions would experience spring year-round. Alternatively, if the Earth had an
axial tilt but did not orbit the Sun, one hemisphere would experience summer for 365 days and 6 h, while the other
hemisphere would experience winter. In both cases, the entire year would consist of a single season

_

Figure B One of the factors that affects the distribution of solar radiation on the Earth’s surface is the Earth’s spheri-
cal shape. If the Earth had a flat surface, the same season would occur across the entire surface because the same
amount of energy would fall on each unit area. However, as shown in Fig. C, because the Earth has a spherical shape,
the solar rays fall more directly on the equator, causing a smaller area to be exposed to a higher amount of energy,
leading to a different level of heating. In contrast, in the northern and southern hemispheres, where the rays come
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at a wider or narrower angle (greater than 90 degrees), the energy spreads over a larger surface area, reducing the
amount of energy per unit area. Therefore, the amount of energy falling per unit area is a critical factor in the forma-
tion of seasons. This is why different seasons occur in different regions of the Earth. For instance, the poles experience
constant cold seasons, the equator experiences hot seasons, and temperate regions experience four distinct seasons

21Haziran
Yaz gnddnimi
21 Aralik
Kis glinddnimi

Figure C The angle between the solar rays and the Earth’s surface on different dates is shown, illustrating the area
over which energy is distributed. Due to the Earth’s movement around the Sun, along with its axial tilt and spherical
shape, the amount of energy falling on different regions of the Earth’s surface changes throughout the year, result-
ing in the formation of seasons

Three flashlights representing the Sun
are placed here.

Figure D Representation of the Sun and the Earth’s position during the equinoxes. In all positions, the Earth’s axis
is aligned with the North Star. The Earth’s axes point towards the North. The distribution of solar radiation reaching
the equator and the poles in all positions is examined and interpreted
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d.

Student Participation (5 min).

Question and Answer: Based on the model, questions such as “What factors influence the change of seasons?” will be

asked to help students reinforce their understanding.

Closing and Homework (5 min).

Assigning Homework: Students will be asked to create a drawing or a small model related to the information they
learned today. This model should visually represent the Earth’s movement around the Sun and the formation of
seasons.

2nd lesson plan: formation of seasons—application of the model and student work

Objective: Through their creative work, students will reinforce the information they learned in the first lesson and better
understand the formation of seasons.

a. Introduction (5 min)
a Review of the Previous Lesson: Students will recall the concepts they learned in the previous lesson.
b Introduction of the New Activity: Today, students will visually express their learned information.
b. Students'Work (25 min)
¢ Making a Model or Drawing:
d Students will create a model or drawing that demonstrates the formation of seasons using the materials provided
or their creative ideas.
e Students should show how the Earth’s shape, axial tilt, and movement around the Sun affect the formation of seasons
in their models.
¢. Sharing Student Work (10 min)
f Presentation and Discussion:
g Students will share their models or drawings with the class.
h  Each student will explain how they represented the formation of seasons in their work.
i Students will review and give feedback on each other’s work.
d. Closing (5 min)
j  Summarizing What Students Learned:
k  We will review the essential factors that influence the formation of seasons with the students.
I We will discuss how the models used in the lesson helped us understand the concepts.
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