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Dear Readers,

We are delighted to present you the November 2023 issue of the Journal of Limitless
Education and Research.

The aim of our Journal, which has been published continually by the Limitless Education and
Research Association (SEAD) since 2016, is to contribute scientifically to the field of education and
research. For this purpose, priority is given to publishing theoretical and applied studies and sharing
scientific information at national and international level.

The Limitless Journal of Education and Research is published three times a year, scanned in
various national and international indexes, and receives numerous citations. Our Journal with an
impact factor of 0.5 in SOBIAD 2021 is among the first 90 journals published in our country.

SEAD Journal is published with the scientific contributions and support of academicians
working in Turkey and abroad, such as articles, research and projects. Our journal has been
publishing for eight years without compromising its academic and scientific quality. We would like
to thank all the editors, writers, referees and translators who contributed to the preparation and
publication of our journal.

In this issue of our journal, as in other issues, four scientific research and articles related to
education are included. These studies are presented in two languages, Turkish and English.

We hope that our journal will make significant contributions to the field of education and
research. With our best regards.

LIMITLESS EDUCATION AND RESEARCH ASSOCIATION
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Degerli Okuyucular,

Sizlere Sinirsiz Egitim ve Arastirma Dergisinin Kasim 2023 sayisini sunmaktan mutluluk
duyuyoruz.

Sinirsiz Egitim ve Arastirma Dernegi (SEAD) tarafindan 2016 yilindan bu yana kesintisiz olarak
yayinlanan Dergimizin amaci, egitim ve arastirma alanina bilimsel yonden katki saglamaktir. Bu
amagcla kuramsal ve uygulamali ¢alismalari yayinlamaya, bilimsel bilgileri ulusal ve uluslararasi
dizeyde paylagsmaya oncelik verilmektedir.

Sinirsiz Egitim ve Arastirma Dergisi, yilda Ug¢ sayl olarak yayinlanmakta, gesitli ulusal ve
uluslararasi indekslerde taranmakta ve ¢ok sayida atif almaktadir. SOBIAD 2021 yil etki faktérii 0,5
olan Dergimiz, lilkemizde yayinlanan ilk 90 dergi arasinda yer almaktadir.

SEAD Dergisi, yurt ici ve yurt disinda gorevli akademisyenlerin makale, arastirma, proje gibi
bilimsel katki ve destekleriyle yayinlanmaktadir. Akademik ve bilimsel kalitesinden 6diin vermeden
sekiz yildir yayin hayatini sirdirmektedir. Dergimizin hazirlanmasi ve yayinlanmasinda emegi gegen
bitlin editor, yazar, hakem ve ¢evirmenlere tesekkir ediyoruz.

Dergimizin bu sayisinda diger sayilarda oldugu gibi egitimle ilgili dort bilimsel arastirma ve
makaleye yer verilmistir. Bu calismalar Tiirkge ve ingilizce olarak iki dilde sunulmustur.

Dergimizin egitim ve arastirma alanina 6nemli katkilar getirmesini diliyoruz. Saygilarimizla.

SINIRSIZ EGIiTiM VE ARASTIRMA DERNEGI
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Modeling Approach in Particle Physics

Assoc. Prof. Dr. Cagin KAMISCIOGLU, Ankara University, gunesc@ankara.edu.tr, 0000-0003-
2610-6447

Abstract: Modeling is the heart of theory and the basis of the scientific approach. Modeling is
an important tool in particle physics to represent, explain and introduce invisible entities to the scientific
world. In the same vein, it contributes to the development of students' skills such as thinking, researching,
understanding, questioning and predicting. Therefore, emphasis is placed on models and modeling in the
field of physics. In the research, high school physics curriculums and textbooks were scrutinized to
determine the status of the modeling approach in the field of particle physics in our country. At the end
of the research, three learning outcomes related to modeling were identified, and in 30 learning
outcomes, students were asked to give mathematical models and examine them. In only two learning
outcomes related to particle physics, students were asked to explain models. In the examined MEB 12t
grade high school and science high school physics textbooks, the modeling approach was not mentioned
at all and very few activities were given. At the end of the research, it was suggested that in order to teach
particle physics effectively, the modeling approach should be emphasized in high school physics curricula
and textbooks, the number of modeling outcomes should be increased, methods that will improve
students' scientific process skills should be applied, and the type and quantity of modeling activities should
be increased.

Keywords: Model, Modeling approach, Particle physics, Textbook, Curriculum

Cited in: Kamiscioglu, €. (2023). Modeling approach in particle physics, Pargacik fiziginde modelleme yaklasimi. The
Journal of Limitless Education and Research, Sinirsiz Egitim ve Arastirma Dergisi, 8(3), 400-433.
https://doi.org/10.29250/sead.1359657.



(\Szzz7 Modeling Approach in Particle Physics

Cagin KAMISCIOGLU

1. Introduction

Physics is a significant branch of science that investigates and contributes to the
understanding of the order, events, and workings of the universe. It encompasses not only large
entities like planets, satellites, and the sun but also particles such as atoms, electrons, and
protons that are too small to be seen even with the most sensitive microscopes. Especially when
studying atoms and subatomic particles, sensory organs prove insufficient. In such cases,
advanced technological tools are utilized, and various models are constructed. Models play a
crucial role in representing, explaining, and introducing entities that cannot be directly
observed, making them an essential tool in the world of science. Therefore, physics places great

emphasis on modeling and simulation.

Modeling is at the heart of theoretical physics, forming the foundation of the scientific
approach. Various principles, laws, and concepts within the theory serve as sources for the
modeling process. Experiments are conducted to reach the realities of the universe, observe
events, and verify theories. Models are then created based on theoretical knowledge to
facilitate the examination of existing phenomena, events, systems, and processes. Thus,
modeling establishes a connection between theoretical and experimental domains. Prepared
models help concretize and visualize theoretical knowledge, making it comprehensible. For

these reasons, model and simulation are indispensable in scientific research.
1.1. What is Model?

The concept of a model is quite complex, encompassing various meanings that may

differ according to authors and fields. In the current Turkish Dictionary;

* "The object or person that is attempted to be imitated while painting, sculpting, etc.;
example, an object or person with a characteristic, the first example produced for the

introduction or trial of a designed product" is given as different meanings (TDK, 2023).
In foreign sources, a model is described as;

* "A simple representation of a physical event or system. This representation allows

demonstrating its function, analyzing some aspects, explaining, and predicting,” (Combes, 2010).

* "A representation of reality, an official representation of a problem, process, or idea.
Therefore, a model is never a complete copy but a clarified, refined image, often a simplified

representation" (Dubois, 2017).

* "A whole of systems that represent an event, object, and thought" (Gilbert et al., 2000).
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* "A structure that allows understanding the formation, behaviors, and developmental
process of objects and making predictions about them. We can visualize, enrich, and expand

them in our minds" (Harrison, 2001).

As seen, a model is a simple representation of an event or existence that is to be
explained. These can take the form of pictures, models, maps, visuals, mathematical formulas,
geometric shapes, graphs, diagrams, physical objects, or events. The event or existence
represented by the model is defined as the target. The purpose of the model is to provide a clear
explanation and understanding of the target. It is not necessary for the model to closely
resemble the target; what matters is its successful explanation, as in the analogy of Thomson's

Atomic Theory with a plum pudding.

In physics, the concept of a model is considered as "a tool representing a series of events
and facilitating their easy understanding". Concrete objects or visuals such as drawings,
diagrams, charts, models, etc., are added to the model to give it tangible characteristics, creating
simple representations through analogy (Bachelard, 1979). The model is also a mental structure
attempting to explain an event or reality. It involves materializing models conceived in the mind
related to reality, serving as the foundation for the scientific approach. Processes such as
observing, predicting, questioning, designing in the mind, measuring, and verifying are essential

for models (Giere, 2004).

In summary, a model is an object that takes the place of a complex reality, serving as a
concrete shape, visual representation, system of equations, educational communication tool,
and unique design with formal features. It is a mental structure created through cognitive
processes involving thinking, questioning, predicting, examining, and comparing (Chemin, 2004).
Thus, it facilitates the transition from abstract to concrete and vice versa in the mind. The model
also serves a communicative function, delivering educational messages to students and
influencing them visually, formally, and in terms of color. This facilitates a quicker and easier
understanding of the targeted event or phenomenon (Hasni, 2010). Additionally, using models
in the educational process tends to be more straightforward than dealing with the actual events

they represent.
1.2. Specifications and Functions

For an object or image to qualify as a model, it needs to possess certain characteristics
from a scientific perspective. These include being relevant and consistent with the object it

represents, being explanatory and predictive, and being suitable for experimentation, among
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others. Additionally, it is anticipated that a model should have at least four fundamental features

(Roy & Hasni, 2014).

* A model is a simplified representation. Many authors and researchers in the field
emphasize its representational feature. The model is defined as the "simplified representation
of an idea, object, event, process, or system in the real world" (Bachelard, 1979; Bunge, 1974-

1989; Justi & Gilbert, 2000; Giere, 2004).

* An event can be represented by multiple models. Each has its own limitations.
Sometimes different models may be required to provide a detailed explanation of an event.
Conversely, a model might represent events with very few connections between them. For
example, in physics, the spread of heat and the movement of objects can be explained using the

same mathematical models (Halloun, 2006; Robardet & Guillaud, 1997).

* A model serves as the intermediary between theory and events. The function of a
model is to represent, predict, and explain an event, drawing on information from the
theoretical field. Theoretical principles, laws, and concepts exist in the theoretical domain, while
factual events exist in the experimental domain, the area where scientists observe. The model
resides between these two domains, aiming to make abstract information from theory tangible,
visible, and understandable, facilitating the easy comprehension of the theory (Martinand,

1992, 1994; Tiberghien, 1994; Walliser, 1977).

* Models are continually developed. Scientific models undergo constant evaluation,
testing, and refinement based on new information. Through these processes, consensus models
emerge—models accepted and agreed upon by many individuals. Scientific models are those
"accepted and agreed upon by scientists based on formal experimental confirmations" (Gilbert
et al., 2000). For instance, years ago, a model resembling the solar system, with a nucleus in the
center and electrons orbiting around it, was proposed for the internal structure of an atom.
However, as knowledge about the internal structure of atoms increased over time, this model

was modified and developed.

There are various types of models. Von Bertalanffy (1973) categorizes them into physical
and conceptual models, while Robardet and Guillaud (1997) deduce them as physical and
symbolic models. Physical models are scaled or analogical representations that transform facts
into tangible forms. For example, models depicting how the heart functions in biology fall into
this category. Symbolic models, on the other hand, are models written in the language of

mathematics. Mathematical equations used in physics, formulas defining the linear motion of
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objects, and similar examples fall into this group (Robardet & Guillaud, 1997). In another study,
models are divided into explanatory and predictive models. A physical system is considered an
explanatory model, while a mathematical system is considered a predictive model (Chemin,
2004). Explanatory models describe processes and operations that concretely represent
observed events, acting as stand-ins for other objects and facilitating the quick exploration of an
event. Predictive models, on the other hand, use a set of mathematical equations and formulas

to explain a phenomenon. Examples include particle models and cosmological models in physics.

As for functions, the primary functions of a model align explaining the represented
target, ensuring understanding, predicting, calculating, modifying, formulating, communicating,
and making the difficult to define conceivable. However, it is not necessary for all these functions
to be present simultaneously and in the same model. Different models serve different functions,

generally fulfilling at least one of the functions of explanation or prediction (Chemin, 2004).

Willet (1996) highlights four functions of a model. The first is the regulatory function.
The model structures the relationships between concepts, observations, and data to represent
an event. It organizes information and makes it systematic. The second is the exploratory
function. The model reveals new facts and theories, offering new explanations and serving the
function of discovery. The third is the predictive function. The model contributes to predicting
an outcome or behavior more clearly and precisely. The fourth is the evaluative function. The
model helps measure and interpret data related to a phenomenon (Willet, 1996). In the
modeling process, the expectation is to produce models with these characteristics and

functions.
1.3. What is Modeling?

A modelis a"product" that conceptually replaces a reality. Modeling, on the other hand,
is a "process," a series of steps and procedures involving creating a model. In other words,
modeling consists of the scientific processes applied to create a model (Justi & Gilbert, 2002). In
the modeling process, based on known information, an unknown target or event is simplified
and made understandable. The processes of modifying and improving an existing model are also
carried out in a similar manner. Modeling approach or model method is a model-focused
scientific approach used in education and other applications (Chemin, 2004). The modeling

approach is widely used in various fields such as education, natural sciences, and engineering.

Modeling is observed wherever individuals try to understand, interpret, predict, and

analyze events in their environment. People create mental models based on realities in the
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world, and later convey these models to others using symbols, schemas, formulas, etc. This
occurs in scientific studies and especially in the field of physics, where various models are used
to make the world understandable. The modeling process begins with defining and analyzing
the facts (Martinand, 1992). For this, a breakdown of the target event is made because the real
event can be too complex to be taken as a whole at once. In such cases, only specific factors or
aspects are considered. For example, if the modeling process focuses on the charge of

fundamental particles, the mass and size of particles may not be taken into account.

Modeling has two purposes. The first is to visualize and concretize educational practices.
In this regard, it becomes a significant activity contributing to the development of students'
scientific process skills. The second purpose is to enhance theoretical and applied studies in the
field of natural sciences (physics and chemistry) (Vince, 2021). Understanding and modeling a
physics event is equally important. The processes of understanding and modeling are
inseparable. Modeling is not just about relying on experimental processes; it also means trying
to understand what the event is. Modeling a process involves defining it with scientific equations
and formulas. Thus, modeling is not only about creating visual objects and developing
mathematical formulas and equations but also requires a thorough understanding of the event.

Hence, both theoretical and applied studies are advanced (Hasni, 2010).

Modeling is the most effective way to represent reality. In the field of physics, various
events, such as the flow of electric current in a circuit, the reflection of light, and the
transmission of heat, are imperceptible. To explain these to students effectively, visuals,
diagrams, or graphs are drawn. Additionally, a series of equations or formulas is developed to
describe an event in a repeatable manner. Thus, various models representing reality are
prepared. In this process, hypotheses are first formed about objects that will best represent
reality. Then, reasoning is applied to the model. Modeling challenges students to reason about
events, thoughts, ideas, and mental models. It encourages them to transition from concrete
operations to abstraction (Chemin, 2004). In this way, modeling lays the foundation for the

production of scientific knowledge and technology.
1.3.1. Modeling Approach

Modeling is a model-focused scientific approach that aims to equip students with
modeling knowledge and skills by focusing on the process and stages of model creation. It is
included in the education programs of many countries, such as Germany, France, and Canada.

In this approach, the processes and procedures of model creation are central, with a focus on
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both theoretical and experimental studies. The theoretical realm represents the abstract world,
while the experimental realm represents the concrete world. During modeling, a connection is
established between the theoretical and experimental realms. The modeling process is cyclically
considered, involving interactions between the theoretical and experimental realms. Emphasis
is placed on activities such as explanation, understanding, questioning, representation, and
interpretation in both realms. Predictions are made and tested on the model representing

reality, and it is refined accordingly (Dubois, 2017; Robardet & Guillaud, 1997; Walliser, 1977).

To define the detailed processes and stages of the modeling approach, various studies
have been conducted. Many experts in the field, such as Justi and Gilbert (2002), Martinand
(1996), Tiberghien (1994), and Walliser (1977), have identified certain stages that are widely
accepted. For example, Martinand (1996) proposes a modeling schema for physics. This schema
suggests three-stage processes in modeling, namely cognitive matrix, representation selection,
and experimental domain. These processes are tailored to the student's learning process,
beginning with activities targeting the student's cognition to ensure a thorough understanding
of the theory, followed by the selection of an appropriate representation, and finally testing the

model in the experimental domain (Martinand, 1994, 1996).

A similar study was conducted by Justi and Gilbert (2002), in which the modeling

approach is discussed and listed in three stages;
1. Determining the characteristics between the model and the target,
2. ldentifying relationships and developments among components in a system,

3. Explaining and predicting an idea through simple representations (Justi & Gilbert,

2002).

Another widely accepted study was conducted by Walliser (1997), presenting a four-
stage modeling approach. It involves numerous developments and interactions between the
theoretical and experimental realms during modeling. In this approach, draft models developed
based on the theoretical realm are gradually constructed using existing models. Subsequently,
the models are validated in the experimental domain (Walliser, 1997). The modeling approach

schema is illustrated in Figure 1.
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Theoretical Field

4, Induction 1. Deduction

Verified Model Draft Model

3. Verification 2. Prediction

Experimental Field

Figure 1. Modeling Approach (Walliser, 1997)

1. Deduction: In this stage, theoretical knowledge is examined, questioned, and a
situational proposal is made for analysis. Subsequently, a draft model containing observable and

testable variables is created. In other words, hypotheses are formulated.

2. Prediction: Data from the draft model is scrutinized. Experiments are designed to test

the draft model and predict events.

3. Verification: This stage involves using and defining the data. Based on experimental
results, the model is validated. The values calculated in the model are compared with the values
measured in the experiment. This comparison forms a fundamental test for the validity of the

model.

4. Induction: The theoretical interpretation of the data is performed after verification.
Differences between the verified model and the draft model are examined. Based on the
obtained results, modifications are made to the initial draft model. This cycle continues in

induction and other stages (Dubois, 2017; Walliser, 1997).

As seen, in the modeling approach, the model is used as a tool to explain reality. With
this cyclical process, models are consecutively validated, replacing or improving the previous

ones. Modeling is a crucial approach for physics education.
1.3.2. Application in Physics

Modeling represents the stages and results followed by scientists to produce new
products such as theories, laws, principles, and formulas. Abstract concepts in physics, such as
the dimensions and existence of the universe, electric and magnetic fields, the fact that matter

consists of structures too small to be directly observed, limitations of our sensory organs, and
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insufficient knowledge and technologies, complicate to investigate certain phenomena. In such
cases, models are used, making the modeling approach crucial in physics (Roy & Hasni, 2014).
Modeling contributes to concretizing abstract concepts. Explaining an atom by drawing a picture

is more effective since it cannot be directly observed (Combes, 2010).

It is well-known that models play an indispensable role in science. While attempting to
represent, explain, and predict realities on one hand, they also structure theories on the other.
Halloun (2007) draws an interesting analogy on this matter. He explains that, just as the atom is
to matter and fundamental particles, the model is to theory and scientific concepts. Therefore,
while fundamental particles (electrons, protons, neutrons) constitute matter, the atom,
resulting from their interactions, explains the structure of matter. Similarly, a model is what
makes a theory internally consistent and logical, emerging from the organization of concepts
and laws (Halloun, 2007). Hence, modeling becomes more crucial for particle physics, which

examines particles at and below the atomic level.

Modeling in physics has two significant benefits. Firstly, most physics theories are too
difficult, complex, and mathematical to be taught in middle and high school. Therefore, it is
easier to teach theories using simplified models and explain them later with general knowledge.
Secondly, it contributes to examining the complex relationships of objects and properties in the
experimental field. The model is presented as a consistent theoretical structure that interprets
and predicts physical events examined in the experimental field. However, traditional physics
education teaches concepts and laws one by one to students without including modeling.
Therefore, the modeling approach should be considered for effective physics education.
Modeling is crucial for developing a scientific perspective in students (Dubois, 2017; Roy & Hasni,

2014).

The modeling approach allows students to take an active role in their learning process.
It provides benefits such as research, inquiry, collaboration with other students, and active
learning. It contributes to understanding the concept of a model. As the grade level progresses,
students learn more detailed models. Students who do not understand the concept of a model
may confuse it with reality. On the other hand, textbooks rarely comment on most models and
do not explain the information they convey. Very little information is provided about the
selection of representations, and sometimes no information or rationale is given. Therefore,
teachers need to have sufficient knowledge and skills in modeling and apply them in the

classroom. The modeling approach helps students move away from biased and intuitive
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thinking, directing them towards scientific thinking, attitudes, and behavior (Combes, 2010; Roy
& Hasni, 2014).

Modeling is an important approach for relating the principles and methods of physics to
everyday life, problem-solving, obtaining data through experiments, making inferences,
interpreting, and producing scientific knowledge. This approach holds a special significance in
particle physics, which investigates invisible entities. The modeling approach is essential for
teaching the theory, law, research, and experiments of particle physics to future generations.
This research has emerged from such a need. The study aimed to answer the question, "What is
the status of the modeling approach in particle physics in our country?" To achieve this,
modeling approaches, application methods, and modeling activities in high school physics

teaching programs and textbooks were examined.
2. Method

In the research, the document analysis method, one of the qualitative research
methods, was chosen. Document analysis is a research method used to meticulously and
systematically analyze the content of written documents (Wach & Ward, 2013). Following this
methodological approach, scientific sources, journals, and internet resources related to particle
physics were first scanned. Researches, experiments, documents from international
organizations such as CERN, publications, and reports related to the field were reviewed. In
order to determine the status of the modeling approach in particle physics in our country, the
2018 High School Physics Course (grades 9, 10, 11, and 12) Curriculum and the Science High
School Physics Course (grades 9, 10, 11, and 12) Curriculum were examined (MEB, 2018a,
2018b). Then, the 4th unit of the senior high school physics textbooks taught by the Ministry of
National Education in the 2019-2020 academic year, which covers the Introduction to Atomic
Physics and Radioactivity, was analyzed. Since all of these were included in the research, there
was no need for sampling. The data were listed in a Word document as program outcomes,
textbooks, methods and techniques, and activities, with necessary explanations, relevant tables

were created, and the findings were interpreted sequentially.
3. Findings

The findings obtained at the end of the research are presented under the titles "High

School Physics Course Curriculum and High School Physics Course 12* Grade Textbooks."
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3.1. High School Physics Course Curriculum

In order to determine the status of the modeling approach in the field of particle physics
in our country, the Ministry of National Education 2018 High School Physics Course Curriculum
(for grades 9, 10, 11, and 12) and the Physics Course Curriculum for Science High Schools (for
grades 9, 10, 11, and 12) were examined (MEB, 2018a, 2018b). The Introduction and
Explanations section of the curriculum does not mention topics such as the modeling approach,
model construction, or model examination. Therefore, the outcomes in both programs were
examined sequentially. As a result of the examination, three ouctcomes related to model and

modeling were identified, and these are provided in Table 1.

Table 1.
Learning outcomes related to modeling
Number
Learning Outcomes Related to Model Highschool Science High
School

Explains the behavior models of light. 1 1
Designs a prism model. - 1
Designs a new solar system model. - 1
Total 1 3
Total number of outcomes in the curriculum. 213 236

Asseenin Table 1, the Secondary School Physics Curriculum contains 1 (one) outcome,
while the Science High School Physics Curriculum includes 3 (three) outcomes. These constitute
only 1% of all the outcomes in the curriculum. This ratio is deemed highly insufficient in terms
of enhancing students' scientific process skills. Subsequently, explanations regarding how all the
outcomes in the curricula should be taught were examined. Information related to modeling in

these explanations is presented in Table 2.

Table 2.
Outcome explanations related to modeling
Number
Outcome explanations related to modeling Highschool Science High
School

Designing a model - 3
Deriving a mathematical model 9 8
Providing a mathematical model 18 22
Examining mathematical models 1 -
Total 28 33
Number of outcomes in the curriculum 213 236

As seen in Table 2, explanations related to modeling are provided for 28 objectives in
the High School Physics Curriculum, and 33 objectives in the Science High School Physics
Curriculum. These figures constitute only 13% of all objectives in the curriculum and are

numerically insufficient. Most of the outcome explanations related to modeling are associated
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with "providing mathematical models," followed by "extracting mathematical models" in terms
of quantity. The design of models is addressed in three outcome explanations in the Science
High School Physics Curriculum. These explanations have been deemed inadequate in terms of
effectively teaching physics to students and imparting scientific thinking, perspective, and
attitude. Now, what is the situation regarding modeling in the field of particle physics in the
programs? To answer this question, the outcome explanations in the Introduction to Atomic
Physics and Radioactivity Unit in physics teaching programs have been examined. The findings

are presented in Table 3.

Table 3.
Introduction to Atomic Physics and Radioactivity Unit outcome explanations
Number
Outcome explanations related to model High S(:_Il?gn;e
School School

Ensuring students to define subatomic particles within the framework of the 1 1
standard model
Ensuring the explanation of the formation of matter through modeling, i 1
starting from subatomic particles.
Total 1 2
Total number of outcomes in the unit 11 13

As observed in Table 3, the 2018 High School Physics Curriculum includes 11 objectives
in the Introduction to Atomic Physics and Radioactivity Unit, while the Science High School
Physics Curriculum comprises 13 objectives for the same unit. None of these objectives mention
modeling. Only in two outcome explanations, there is a request to model and describe
subatomic particles. This situation reveals a preference for traditional teaching methods rather
than teaching the complex and mathematical field of events that are not visible, such as particle

physics.

In conclusion, it has been determined that three outcomes in High School Physics
Teaching Programs address modeling, with an emphasis on mathematical modeling and
examination in an average of 30 objective explanations. In the objectives related to particle
physics in the Introduction to Atomic Physics and Radioactivity unit, only two outcomes touch
upon modeling. This situation is found to be highly inadequate for developing scientific process

skills in students through effective physics education.
3.2. High School Physics Course 12" Grade Textbooks

Particle physics is addressed in the 12™-grade program of the High School Physics Course

under the unit "Introduction to Atomic Physics and Radioactivity." Therefore, in the research,

411 The Journal of Limitless Education and Research, 8 (3), 400 - 433



(\Szzz7 Modeling Approach in Particle Physics

Cagin KAMISCIOGLU

the relevant units of the physics teaching textbooks used in high schools and science high
schools, prepared by the Ministry of National Education and taught in the 12" grade during the
2019-2020 academic year, have been examined. The information in the mentioned unit has
been analyzed in terms of "modeling approach methods and techniques, and modeling

activities." The findings obtained are presented in Table 4.

Table 4.
Textbooks Introduction to Atomic Physics and Radioactivity Unit
. . . . . Number
IJ:irtoductlon to Atomic Physics and Radioactivity High School Physics  Science High . Physics
T. T.
Model images 16 9
Explanations related to modeling 9 9
Experimental setup images 2 5
Total 27 23
Total number of pages in the unit 41 55

The unit "Introduction to Atomic Physics and Radioactivity" occupies 41 pages in the
high school physics teaching textbook and 55 pages in the physics teaching textbook for science
high schools. As seen in Table 4, in the physics teaching textbooks prepared by the Ministry of
National Education (MEB) and used in 12™-grade classes in both regular high schools and science
high schools, the modeling approach is presented in the form of model images, explanations
related to modeling, and experimental setup images. In other words, the textbooks
predominantly contain model images and explanations related to modeling. Generally, widely
accepted and agreed-upon models are provided, and there is no commentary on these models
and the information they convey. The process of modeling to enhance students' scientific
knowledge and skills are not discussed. The modeling activities provided in the textbooks have
also been examined, and the findings are presented in Table 5.

Table 5.
Modeling activities in the Introduction to Atomic Physics and Radioactivity Unit
Number

Introduction to Atomic Physics and Radioactivity Unit High School Science High S.
Physics T. Physics T.

Model description activity
Model observation activity
Model calculation activity
Graph drawing activity
Model research activity
Model drawing activity -
Model making activity

Total 18
Total number of pages in the unit 41 55

N NN D
=N

A= N
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As seen in Table 5, in the unit "Introduction to Atomic Physics and Radioactivity," 18
modeling activities are provided in regular high school textbooks, while science high school
textbooks include only 6 modeling activities. These activities are categorized as model
description, observation, calculation, drawing graphs, research, drawing pictures, and creating
models. It is evident that the number of modeling activities is significantly insufficient in
numerical terms, with the majority consisting of model description and observation activities.
With such a limited number of activities, it is concluded that students may find it challenging to
develop research, inquiry, investigation, and critical thinking skills as well as generate functional

projects, original designs, and inventions.
4. Conclusion and Suggestions

Physics is an important science which has contributions to understanding events in the
universe. For this reason, systematic theoretical and experimental studies are carried out in the
field. Advanced technological tools and models are utilized when examining invisible particles
such as atoms and subatomic particles in these studies. The modeling approach is included in
the education programs of many countries such as Germany, France, and Canada. It is a
significant tool for representing, explaining, and contributing to the scientific world the
existence of entities that cannot be directly observed. At the same time, it contributes to the
development of students' scientific process skills such as thinking, researching, questioning, and

predicting. Therefore, models and modeling are crucial in the field of physics.

In our country, a study was conducted to determine the status of the modeling approach
in the field of particle physics, examining high school physics teaching programs and textbooks.
First, the outcomes related to modeling in high school physics teaching programs were
identified. At the end of the research, 1-3 outcomes related to modeling were found in the
programs. These outcomes, constituting only 1% of all outcomes in the program, were deemed
highly insufficient to develop scientific process skills in students. Among the 30 outcome
explanations in the program, there was a specific emphasis on providing mathematical modeling
to students. In the 12"-grade unit Introduction to Atomic Physics and Radioactivity, which
focuses on particle physics, there was no mention of modeling in any of the 11-13 outcomes.

Only in two outcome explanations students were asked to explain models.

Similar situations are observed in physics textbooks. The textbooks for the 12 grade
high school and science high school physics courses, prepared by the Ministry of National

Education (MEB), provide model images, explanations related to modeling, and experimental
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setup images in the unit "Introduction to Atomic Physics and Radioactivity." However, there is
no mention of the modeling approach. In this unit, 18 modeling activities are provided in regular
high school textbooks, while science high school textbooks include only 6 modeling activities.
These activities include model description, observation, calculation, drawing graphs, research,
drawing pictures, and creating models, with most of them being model description and
observation activities. With so few activities, it is concluded that it may be challenging for
students to develop research, inquiry, investigation, and critical thinking skills, as well as

generate functional projects, original designs, and inventions.

The results obtained in the study align with the research findings provided below. For
instance, in a study conducted by Siizer (2017), physics teaching programs in Germany, England,
and Turkey, along with physics textbooks at the high school level in these countries, were
compared. The comparison and research outcomes led to the conclusion that the high school

physics teaching program and textbooks in Turkey were inadequate (Siizer, 2017).

In another study by Aytekin (2018), the models and analogies in the 9th-grade Physics
textbook (Secondary School 9th Grade Physics) taught in schools affiliated with the Ministry of
National Education were examined, particularly in the "Electricity and Magnetism" unit. The
research revealed that the models and analogy examples used in the 9th-grade physics
textbook, in the Electricity and Magnetism unit, were insufficient. Physics teachers were found
unable to use appropriate model and analogy examples, even when needed, due to a lack of
availability. The study concluded that to address the problem of physics teachers not finding
suitable models and analogies, textbooks should include an adequate number of model-analogy
examples, and teachers should make greater use of models and analogies in explaining topics

involving challenging and abstract concepts (Aytekin, 2018).

In a research study conducted by Aktan et al. (2019), the inclusion of the concepts of
model and modeling in the renewed 2017 science education programs and textbooks in our
country was examined. The examined programs mentioned the concepts of model and modeling
but did not delve into scientific models and their role in the scientific process. It was observed
that modeling studies generally focused on physical and scaled models, while theoretical,
conceptual, and mathematical models were not addressed. The conclusion drawn from the
study was that the new 2017 science education programs and textbooks were inadequate in

terms of the concepts of model and modeling (Aktan et al., 2019).
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In the study conducted by Dilger and Ogan-Bekiroglu (2023), the effectiveness of
physics textbooks approved by the Ministry of National Education was thoroughly examined
both holistically and under different categories. The examined high school physics textbooks
were found to not fully fulfill the expected role in student learning and teacher instructional
practices, with content identified as the weakest category among physics textbooks. Various

deficiencies in the textbooks were underlined (Diilger & Ogan-Bekiroglu, 2023).

As a result, for the effective teaching of particle physics, emphasis should be given to
the modeling approach in high school physics teaching programs and textbooks. The number of
outcomes related to modeling should be increased in the curriculum. To enhance students'
scientific process skills, methods such as research, inquiry, prediction, experimentation,
observation, testing, and model verification should be applied in the modeling process.
Explanations related to the modeling approach should be provided in textbooks, and the type
and number of modeling activities should be increased. This way, students can transition from
concrete to abstract concepts, and they can be directed towards scientific knowledge and

technology production.
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1. Giris

Fizik evrendeki dizen, olaylar ve doganin isleyisini inceleyen, arastiran ve anlasiimasina
katki saglayan 6nemli bir bilim dalidir. Gezegenler, uydular, glines gibi bliylk varlklarin yani sira
en duyarh mikroskoplarla bile goriilemeyen atom, elektron, proton gibi parcaciklar da fizik
biliminin konu alani icerisindedir. Ozellikle atom ve atom alti pargaciklarini incelerken duyu
organlari yetersiz kalmaktadir. Boyle durumlarda gelismis teknolojik ara¢ ve gereclerden
yararlanilmakta, ayni zamanda cesitli modeller olusturulmaktadir. Modeller, dogrudan gozle
gorilmeyen varliklar temsil etmek, agiklamak ve bilim diinyasina kazandirmak igin énemli bir

arag olmaktadir. Bu nedenle fizik alaninda model ve modellemeye genis yer verilmektedir.

Modelleme teorinin kalbi, bilimsel yaklasimin temelidir. Teorinin icinde cesitli ilke, yasa
ve kavramlar yer almaktadir. Bunlar modelleme islemine kaynaklik etmektedir. Evrendeki
gerceklere ulasmak, olaylari gozlemlemek ve dogrulamak icin deneyler yapilmaktadir. Bunun igin
teorik alandaki bilgilerden hareketle modeller olusturulmaktadir. Modeller mevcut olgu, olay,
sistem ve siregleri daha kolay incelemeyi saglamaktadir. Béylece modelleme ile teorik ve
deneysel alan arasinda bag kurulmaktadir. Hazirlanan modellerle teorik dinyadaki bilgiler
somutlastiriimakta, gorsellestiriimekte ve anlasilir duruma getirilmektedir. Bu nedenle bilimsel

calismalarda model ve modelleme kacinilmaz olmaktadir.
1.1. Model Nedir?

Model oldukg¢a karmasik bir kavramdir. Bu kavramin iginde birbirinden farkl anlamlar

vardir. Bunlar yazarlara ve alanlara gore degismektedir. Glincel Tlrkge Sozlikte;

* “Resim, heykel vb. yapilirken baka baka benzetilmeye ¢alisilan nesne veya kimse; érnek,
Bir 6zelligi olan nesne veya kisi, Tasarlanan bir iriiniin tanitim veya deneme amaciyla liretilen ilk

6rnegi, gibi farkli anlamlarda verilmektedir” (TDK, 2023).
Yabanci kaynaklarda model;

* “Bir fizik olayi ya da sisteminin basit temsilidir. Bu temsil onun islevini ortaya koymaya,

bazi yonlerini analiz etmeye, aciklamaya ve tahmin etmeye izin verir” (Combes, 2010).

* “Gergekligin bir temsili, bir problemin, siirecin veya fikrin resmi bir temsilidir.
Dolayisiyla model asla tam bir kopya degil, netlestirilmis, rafine edilmis bir gériintii, genellikle

basitlestirilmis bir temsildir” (Dubois, 2017).

* “Bir olayi, nesneyi ve diisiinceyi temsil eden sistemler biitiiniidiir” (Gilbert vd., 2000).
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* “Nesnelerin olusumunu, davranislarini ve gelisim siirecini anlama ve bunlara iliskin
6éngdriilerde bulunmayi saglayan bir yapidir. Bunlari zihnimizde canlandirabilir, zenginlestirebilir

ve genisletebiliriz” (Harrison, 2001).

Gorildigu gibi model, agiklanmak istenilen bir olay ya da varligin basit bir temsilidir.
Bunlar resimler, maketler, haritalar, gorseller, matematik formdlleri, geometrik sekiller,
grafikler, semalar, fiziksel nesne ya da olaylar seklinde karsimiza ¢ikarlar. Modelin temsil ettigi
olay ya da varliga hedef denilmektedir. Modelin amaci hedefin iyi agiklanmasi ve anlasiimasini
saglamaktir. Modelin hedefe ya da temsil ettigi olaya aynen benzemesi gerekmez. Onemli olan

onu basariyla aciklamasidir. Thomson Atom Teorisinin Gzimli keke benzetilmesi gibi.

Fizikte model kavrami, bir dizi olay! temsil eden ve onlarin kolay anlasiimasini saglayan
ara¢" olarak ele alinmaktadir. Modele somut 6zellikler kazandirmak icin cizimler, diyagramlar,
semalar, maketler gibi somut nesne veya gorseller ekleyerek, benzetme yoluyla basit temsiller
yapilmaktadir (Bachelard, 1979). Model ayni zamanda bir olay ya da gercekligi aciklamaya ¢alisan
zihin yapisidir. Gergeklikle ilgili zihinde tasarlanan modellerin somutlastiriimasidir. Bu yonuyle
bilimsel yaklasimin temeli olmaktadir. Model icin olgu ve olaylari gézlemleme, tahmin etme,

sorgulama, zihinde tasarlama, 6lcme, dogrulama gibi islemler zorunlu olmaktadir (Giere, 2004) .

Ozetle model, somut bir sekil, gérsel bir temsil, denklemler sistemi, egitsel iletisim araci
ve karmasik bir gergekligin yerini alan nesnedir. Kendine 6zgii tasarimi ve bicimsel 6zellikleri
vardir. Model zihinsel islemler sonucu olusturulan bir zihin yapisidir. Dislinme, sorgulama,
tahmin etme, inceleme, karsilastirma gibi gesitli zihinsel islemleri gerektirmektedir (Chemin,
2004). Boylece zihnin soyuttan somuta, somuttan soyuta gegisini kolaylastirmaktadir. Model
ayni zamanda iletisim islevi gérmektedir. Ogrencilere egitsel icerikli mesajlar vermekte, onlari
gorsel, bicimsel ve renk yoniyle etkilemektedir. Boylece hedeflenen olay ya da olgunun daha
hizli ve kolay anlasiimasini saglamaktadir (Hasni, 2010). Ayrica egitim slirecinde model kullanma,

temsil ettigi gercek olaydan daha kolay olmaktadir.
1.2. Ozellik ve islevleri

Bir nesne ya da gorselin model olabilmesi icin bilimsel yonden bazi 6zellikler tasimasi
gerekmektedir. Bunlarin basinda temsil ettigi nesneyle ilgili ve tutarli olma, agiklayici ve tahmin
edici olma, denemeye uygun olma vb. gelmektedir. Bunlarin yaninda modelin en az dort temel

ozellige sahip olmasi 6ngoriilmektedir (Roy & Hasni, 2014).
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* Model basit bir temsildir. Alandaki ¢cogu yazar ve arastirmaci modelin temsil 6zelligine
vurgu yapmaktadir. Modeli, “gercek diinyadaki bir fikrin, nesnenin, olayin, slirecin veya sistemin
basitlestirilmis temsilidir” olarak tanimlamaktadir (Bachelard, 1979; Bunge, 1974-1989; Justi &
Gilbert, 2000; Giere, 2004).

* Birolay birden fazla modelle temsil edilebilir. Her modelin kendi icinde sinirlari vardir.
Bazen bir olayr ayrintih agiklamak igin farkh modeller gerekebilir. Bunun igin farkli modeller
kullanilmaktadir. Bunun tersi bazen bir model aralarinda ¢ok az baglanti olan olaylari temsil
edebilir. Ornegin fizikte 1sinin yayilmasi ve cisimlerin hareketi, ayni matematiksel modellerle

aciklanabilir (Halloun, 2006; Robardet & Guillaud, 1997).

* Model, teoriile olay arasindaki nesnedir. Modelin islevi bir olayi temsil etmek, tahmin
etmek ve aciklamaktir. Bunun icin teorik alandaki bilgilerden hareket edilir. Teorik alanda ilkeler,
yasalar ve kavramlar vardir. Deneysel alanda olgu veya olaylar vardir. Bilim insaninin gézlem
yaptigi alandir. Model iki alan arasinda yani teorik ve deneysel alan arasinda yer almaktadir.
Teorideki soyut bilgileri somutlastirma, gorilebilir ve anlasilabilir hale getirme amacini
tasimaktadir. Boylece teorinin kolay anlasilmasini saglamaktadir (Martinand, 1992, 1994;

Tiberghien, 1994; Walliser, 1977).

* Model siirekli gelistirilir. Bilimsel modeller slirekli degerlendirilmekte, test edilmekte
ve yeni bilgiler dogrultusunda gelistiriimektedir. Bu islemler sonucunda uzlasma saglanan
modeller ortaya ¢ikmaktadir. Bunlar tartisma ve denemeler sonucu ¢ogu kisi tarafindan kabul
edilen modellerdir. Bilimsel modeller ise “resmi deneysel dogrulamalar sonucu bilim insanlari
tarafindan kabul edilen ve uzlasilan modellerdir” (Gilbert vd., 2000). Ornegin yillar énce atomun
icyapisiyla ilgili giines ve etrafinda dénen gezegenlere benzeyen bir model olusturulmus, ortada
bir cekirdek ve etrafinda donen elektronlar konulmustur. Ancak zamanla atomun igyapisina

iliskin bilgiler cogaldik¢a bu model degistirilmis ve gelistirilmistir.

Modelin cgesitli tirleri vardir. Von Bertalanffy (1973), bunlari fiziksel ve kavramsal
modeller olarak ikiye ayirmaktadir. Robardet ve Guillaud (1997) ise fiziksel ve sembolik modeller
demektedir. Fiziksel modeller, olgulari somut temsillere donistiren o6lcekli veya analojik
modellerdir. Ornegin biyolojide kalbin nasil calistigini gésteren modeller gibi. Sembolik modeller
ise matematik diliyle yazilan modellerdir. Fizikte kullanilan matematiksel denklemler, nesnelerin
dogrusal hareketini tanimlayan formiller vb. bu gruba girmektedir (Robardet & Guillaud, 1997).
Bir baska arastirmada ise modeller agiklayici ve tahmine dayali modeller olarak ikiye

ayrilmaktadir. Fiziksel bir sistem ise aciklayici model, matematiksel bir sistem ise tahmin edici
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model olmaktadir (Chemin, 2004). A¢iklayici modeller, gbzlemlenen olaylari somut olarak temsil
eden islem ve sirecleri aciklamaktadir. Baska bir nesnenin yerine gecen modellerdir. Bir olayi
hizli bir sekilde kesfetmeyi saglarlar. Tahmine dayali modeller ise bir olguyu acgiklayan ve bir dizi
matematiksel denklem ve formdiillerle yapilan modellerdir. Fizikte pargacik modelleri, kozmolojik

modeller vb. buna ornektir.

islevlere gelince modelin temel islevi; temsil edilen hedefi aciklama, anlasiimasini
saglama, tahmin etme, hesaplama, degistirme, formiile etme, iletisim kurma, tanimlanmasi zor
olani diistiniilebilir hale getirme gibi siralanmaktadir. Ancak bu islevlerin hepsi ayni anda ve ayni
modelde olmasi sart degildir. Farkli modellerde farkliislevler bulunmaktadir. Genel olarak model

acitklama veya tahmin etme islevinden en az birini yerine getirmektedir (Chemin, 2004).

Willet (1996) ise modelin doért islevine dikkat cekmektedir. Birincisi diizenleme islevidir.
Model kavramlar, gozlemler ve veriler arasindaki iliskileri, bir olayi temsil edecek sekilde
yapilandirir. Bilgileri diizenler ve sistemli hale getirir. ikincisi kesfetme islevidir. Model yeni
gercekleri ve teorileri ortaya cikarir, yeni aciklamalar sunar. Boylece kesfetme islevini gorir.
Uglinclisii tahmin etme islevidir. Model bir sonucu veya davranisi daha net ve kesin olarak
tahmin etmeye katki saglar. Dordlincisi ise dederlendirme islevidir. Model bir olguya iliskin
verileri 6lcmeye ve yorumlamaya yardimci olur (Willet, 1996). Modelleme sirecinde bu 6zellik

ve islevlere sahip modeller Giretilmesi beklenmektedir.
1.3. Modelleme Nedir?

Model “bir tiriindiir’, kavramsal olarak bir gercekligin yerine gecer. Modelleme ise “bir
sirectir’. Model olusturmayi iceren adimlar ve islemler dizisidir. Bir baska ifadeyle modelleme,
model olusturmak igin uygulanan bilimsel islemler olmaktadir (Justi & Gilbert, 2002).
Modelleme siirecinde bilinen bilgilerden hareketle bilinmeyen bir hedef ya da olay basit ve
anlasilir duruma getirilmektedir. Mevcut bir modeli degistirme ve gelistirme islemleri de benzer
sekilde yapilmaktadir. Modelleme vyaklasimi veya model yontemi ise egitim ve diger
uygulamalarda model kullanan, model odakli bilimsel bir yaklasimdir (Chemin, 2004).
Modelleme yaklasimi egitim, fen bilimleri, mihendislik gibi c¢esitli alanlarda yogun

kullanilmaktadir.

Modelleme, bireyin gevresindeki olaylari anlamaya, yorumlamaya, tahmin etmeye ve
¢6ziimlemeye calistigi her yerde gorilmektedir. insanlar diinyadaki gerceklerden hareketle
zihinsel modeller olusturmaktadirlar. Daha sonra bu modelleri baskalarina semboller, semalar,

formiller vb. kullanarak aktarmaktadirlar. Bu durum bilimsel galismalarda ve o6zellikle fizik
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alaninda da s6z konusu olmakta, dinyay anlasilir kilmak igin cesitli modeller kullanilmaktadir.
Modelleme islemine 6nce gercgekleri tanimlama ve analiz etme ile baslanmaktadir (Martinand,
1992). Bunun icin hedef olayin bir dokiimi yapilmaktadir. Clinki gergek olay, bitiin olarak bir
defada ele alinamayacak kadar karmasik olabilmektedir. Béyle durumlarda sadece belirli
faktorler veya ydnler dikkate alinmaktadir. Ornegin modelleme isleminde temel parcaciklarin

ylku ele aliniyorsa parcaciklarin kiitlesi ve boyutu hesaba katilmaz.

Modellemenin iki amaci vardir. Birincisi egitim 6gretim uygulamalarini gérsellestirmek
ve somutlastirmaktir. Bu yonliyle 6grencilerin bilimsel slre¢ becerilerini gelistirmeye katki
saglayan énemli bir etkinlik olmaktadir. ikinci amaci ise fen bilimlerinde (fizik ve kimyada) teorik
ve uygulama calismalarini gelistirmektir (Vince, 2021). Bir fizik olayini anlamak ve modellemek
esit dGneme sahiptir. Anlama ve modelleme sirecleri birbirinden ayrilmaz. Modelleme yapmak,
sadece deneysel islemlerle yetinmek degil, ayni zamanda olayin ne oldugunu anlamaya ¢alismak
demektir. Bir stireci modellemek ise onu bilimsel denklem ve formiillerle tanimlamaktir. Yani
modelleme sadece gorsel nesneler olusturma, matematiksel formil ve denklemler gelistirme
degil, ayni zamanda olay! iyi anlamayi da gerektirmektedir. Béylece hem teorik hem de uygulama

calismalari gelistirilmektedir (Hasni, 2010).

Modelleme gercekligi temsil etmenin en iyi yolu olmaktadir. Fizik alaninda elektrik
akiminin devreyi dolagmasi, 1s18in yansimasi, isinin iletilmesi gibi gozle gorilemeyen cesitli
olaylar vardir. Bunlari 6grencilere iyi anlatabilmek igin gorseller, sekil, sema ya da grafikler
cizilmektedir. Ayrica bir olayi tekrarlanabilir sekilde tanimlamak icin bir dizi denklem veya formiil
gelistiriimektedir. Boylece gergekligi temsil eden gesitli modeller hazirlanmaktadir. Bu siirecte
once gergekligi en iyi sekilde temsil edecek nesneler hakkinda hipotezler olusturulur. Ardindan
model hakkinda akil yirGtalir. Modelleme 6grencileri olaylar, diusiinceler, fikirler ve zihinsel
modeller hakkinda akil yiritmeye zorlar. Somut islemlerden soyutlamaya gecis yapmalarini
tesvik eder (Chemin,2004). Boylece modelleme ile bilimsel bilgi ve teknoloji Gretiminin temeli

atilmaktadir.
1.3.1. Modelleme Yaklagimi

Modelleme, model olusturma siireci ve asamalarina odaklanan, 6grencilere modelleme
bilgi ve becerilerini kazandirmayi amaglayan, model odakh bilimsel bir yaklasimdir. Almanya,
Fransa, kanada gibi ¢cogu ulkenin egitim programlarinda yer almaktadir. Bu yaklasimda model
olusturma siireg ve islemleri merkeze alinmaktadir. Bunun igin teorik ve deneysel olmak lzere

iki alandaki ¢alismalara odaklanilmaktadir. Teorik alan soyut diinya, deneysel alan ise somut
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diinyayl temsil etmektedir. Modelleme sirasinda teorik ve deneysel alan arasinda bag
kurulmaktadir. Model olusturma siireci dongisel olarak ele alinmakta, teorik ve deneysel alan
arasinda gidis gelisleri icermektedir. Her iki alanda da ac¢iklama, anlama, sorgulama, temsil etme,
yorumlama gibi calismalarina agirlik verilmektedir. Gergek ile gercegi temsil eden model
Uzerinde tahminler yapilmakta ve test edilerek gelistiriimektedir (Dubois, 2017; Robardet &

Guillaud, 1997; Walliser, 1977).

Modelleme yaklasiminin slire¢ ve asamalarini ayrintili belirlemek icin bazi arastirmalar
yapilmaktadir. Alandaki ¢cok sayida fen bilimcisi, akademisyen, Justi ve Gilbert (2002), Martinand
(1996), Tiberghien (1994), Walliser (1977) gibi uzmanlar tarafindan kabul edilen bazi asamalar
belirlenmistir. Ornegin Martinand (1996) fizik bilimi icin bir modelleme semasi dnermektedir.
Bu semada modellemede ti¢ asamali islemler yapilmasi dngérilmektedir. Bunlar bilissel matris,
temsil se¢imi ve deneysel alan olarak siralanmaktadir. Bu semada yapilacak islemler 6grencinin
ogrenme siirecine uygun olarak belirlenmistir. Once &grencinin zihnine yonelik calismalar
yapilmakta, teorinin iyice anlasilmasi saglanmakta, ardindan uygun bir temsil secilmekte ve

deneysel alanda model test edilmektedir (Martinand, 1994, 1996).

Benzer bir calisma Justi ve Gilbert (2002) tarafindan yapilmistir. Bu calismada modelleme

yaklasimi (i¢ asamada ele alinmaktadir. Bunlar;
1. Model ile hedef arasindaki 6zellikleri belirleme,
2. Bir sistemdeki bilesenler arasindaki iliskileri ve gelisimi saptama,

3. Bir fikri, basit temsiller yoluyla agiklama ve tahmin etme olarak siralanmistir (Justi &

Gilbert, 2002).

Yaygin kabul géren bir baska ¢alisma ise Walliser (1997) tarafindan gergeklestirilmistir.
Bu modelleme yaklasimi dért asamalidir. Modelleme sirasinda teorik alan ile deneysel alan
arasinda sayisiz gelis gidisleri icermektedir. Bu yaklasimda teorik alana dayali gelistirilen taslak
modeller var olan modellerden hareketle kademeli olarak olusturulmaktadir. Ardindan
modellerin deneysel alanda dogrulanmasi yapilmaktadir (Walliser,1997). Modelleme yaklasimi

semasi Sekil 1’de gosterilmektedir.
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Teorik Alan

4. Timevarim 1. Tiimdengelim

Dogrulanmis Model Taslak Model

3. Dogrulama 2. Tahmin etme

Deneysel Alan

Sekil 1. Modelleme Yaklasimi (Walliser, 1997)

1. Tiimdengelim: Bu asamada teorik alandaki bilgiler incelenir, sorgulanir ve analiz igin
bir durum o6nerilir. Daha sonra gozlemlenebilir ve test edilebilir degiskenleri iceren taslak bir

model olusturulur. Yani hipotezler yapilir.

2. Tahmin etme: Taslak modeldeki veriler incelenir. Taslak modeli test etmeye ve olaylari

tahmin etmeye yonelik deneyler tasarlanir.

3. Dogrulama: Verileri kullanma ve tanimlama asamasidir. Deneysel sonuglardan
hareketle modelin dogrulanmasi yapilir. Modelde hesaplanan degerler ile deneyde odlgiilen

degerler karsilastirilir. Bu karsilastirma modelin gecerliligi icin temel bir test olusturur.

4. Tiimevarim: Dogrulama sonrasi verilerin teorik yorumu yapilir. Dogrulanmis model ile
taslak model arasindaki farklar incelenir. Elde edilen sonuglardan hareketle ilk taslak modelde
degisikliklere baslanir. Bu déngil timdengelim ve diger asamalarda devam eder (Dubois, 2017;

Walliser, 1997).

Gorialdigu gibi modelleme yaklasiminda model, bir gercekligi agiklamak icin aracg olarak
kullanilmaktadir. Bu doéngisel isleyisle, modeller art arda onaylanmakta ve dncekilerin yerini

almakta veya onlari gelistirmektedir. Modelleme, fizik 6gretimi icin 6nemli bir yaklasimdir.
1.3.2. Fizikte Uygulanmasi

Modelleme bilim insanlarinin teori, yasa, ilke, formil gibi yeni Urlnler ortaya ¢ikarmak
icin izledikleri asama ve sonuglarini géstermektedir. Evrenin boyutlari, varligi, elektrik ve
manyetik alan gibi soyut kavramlar, maddenin dogrudan gozlem yapilamayacak kadar kiiguk
yapilardan olusmasi, duyu organlarimizin sinirh olmasi, bilgi ve teknolojilerin yetersiz kalmasi

bazi olaylariincelemeyi zorlastirmaktadir. Béyle durumlarda modellerden yararlaniimaktadir. Bu
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nedenle fizikte modelleme yaklasimina biyik ihtiya¢ duyulmaktadir (Roy & Hasni, 2014).
Modelleme soyut kavramlari somutlastirmaya katki saglamaktadir. Atom gorilemedigi icin bir

atom resmi cizerek onu canlandirarak aciklamak daha kolay olmaktadir (Combes, 2010).

Modellerin bilimde vazgegilmez bir rol oynadigi bilinmektedir. Bir yandan gergekleri
temsil etme, agiklama ve tahmin etmeye ¢alisirken, diger yandan teorileri yapilandirmaktadir.
Halloun (2007) bu konuda c¢ok ilging bir benzetme yapmaktadir. Madde ve temel pargaciklar igin
atom ne ise, teori ve bilimsel kavramlar i¢cin de modelin o oldugunu agiklamaktadir. Dolayisiyla
her ne kadar temel pargaciklar (elektronlar, protonlar, noétronlar) maddeyi olustursa da
maddenin yapisini agiklamayl miimkin kilan, onlarin etkilesimleri sonucu ortaya gikan atomdur.
Benzer sekilde bir teoriyi kendi icinde tutarli ve mantikli kilan, kavram ve yasalarin diizenlenmesi
sonucu ortaya cikan modeldir (Halloun, 2007). Bu nedenle modelleme atom ve atom alt

parcaciklari inceleyen parcacik fizigi icin daha dnemli olmaktadir.

Fizik bilimlerinde modelleme yaklasiminin iki dnemli yarari vardir. Birincisi ¢cogu fizik
teorisi ortaokul ve lisede 6gretilemeyecek kadar zor, karmasik ve matematikseldir. Bu nedenle
basitlestirilmis modellerle teorileri 6gretmek ve bunlari daha sonra genel bilgilerle aciklamak
daha kolaydir. ikinci yarar ise deneysel alandaki nesne ve 6zelliklerinin karmasik iliskilerini
incelemeye katki saglamasidir. Model, deneysel alanda incelenen fiziksel olaylari yorumlama ve
tahmin etmeyi mimkin kilan tutarli bir teorik yapi olarak sunulur. Oysa geleneksel fizik
egitiminde kavram ve yasalar 6grencilere birer birer anlatilir. Modellemeye yer verilmez. Etkili
bir fizik 6gretimi icin modelleme yaklasimi dikkate alinmalidir. Modelleme &grencilerde

gelistirilecek bilimsel bakis agisindan ¢ok dnemlidir (Dubois, 2017; Roy & Hasni, 2014).

Modelleme yaklasimi 6grencinin 6grenme surecinde aktif rol almasini saglar. Arastirma,
sorgulama, diger o6grencilerle birlikte c¢alisma, aktif 6grenme gibi yararlar saglar. Model
kavramini anlamaya katki getirir. Sinif diizeyi ilerledikce 6grenciler daha ayrintili modelleri
ogrenirler. Model kavramini iyi anlamayan 6grenciler ise modeli gercekle karistirirlar. Diger
taraftan ders kitaplarinda modellerin ¢cogu hakkinda yorum vyapilmaz ve aktardigi bilgiler
actklanmaz. Yine temsillerinin secgilmesi konusunda ¢ok az bilgi verilir, bazen hig bilgi ve gerekce
sunulmaz. Bu nedenle 6gretmenlerin model ve modelleme konusunda yeterli bilgi ve becerilere
sahip olmasi, bunlari sinifta uygulamasi gerekmektedir. Modelleme 6grencileri dnyargili ve
sezgisel dislinceden uzaklastirmakta, bilimsel diislinme, tutum ve davranisa yonlendirmektedir

(Combes, 2010; Roy & Hasni, 2014).
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Modelleme, fizik biliminin ilke ve yontemlerini giinlik hayatla iliskilendirme, problem
¢6zme, deney yaparak veri elde etme, cikarim yapma, yorumlama ve bilimsel bilgi Gretme
acisindan onemli bir yaklasimdir. Bu yaklasim gozle goriilemeyen cisimleri arastiran pargacik
fiziginde ayri bir 5nem tasimaktadir. Gelecek nesillere parcacik fiziginin teori, yasa, arastirma ve
deneylerini iyi 6gretmek icin modelleme yaklasimi zorunlu olmaktadir. Bu arastirma boyle bir
ihtiyactan dogmustur. Arastirmada “Ulkemizde pargacik fizigi alaninda modelleme yaklasiminin
durumu nedir?” sorusuna cevap aranmistir. Bu amagla Lise Fizik Ogretim Programlari ile ders

kitaplarinda modelleme yaklasimi, uygulama yontemleri ve modelleme etkinlikleri ele alinmistir.
2. Yontem

Arastirmada nitel arastirma yontemlerinden dokiiman incelemesi yontemi secilmistir.
Dokiiman incelemesi, yazili dokiimanlarin igerigini titiz ve sistematik bir sekilde analiz etmek igin
kullanilan bir arastirma yontemidir (Wach & Ward, 2013). Bu yontem anlayisiyla 6nce pargacik
fizigi konusunda ulasilabilen bilimsel kaynaklar, dergiler ve internet kaynaklari taranmistir.
Alanla ilgili arastirmalar, deneyler, CERN gibi uluslararasi kuruluslarin dokiimanlari, yayinlar ve
raporlar gdzden gegirilmistir. Ulkemizde pargacik fizigi alanindaki modelleme yaklasiminin
durumunu belirlemek amaciyla MEB 2018 yili Ortadgretim Fizik Dersi (9, 10, 11 ve 12. siniflar)
Ogretim Programi ile Fen Lisesi Fizik Dersi (9, 10, 11 ve 12. siniflar) Ogretim Programlar ele
alinmigtir (MEB, 2018a, 2018b). Ardindan 2019-2020 &gretim yilinda Milli Egitim Bakanhg
tarafindan okutulan lise fizik dersi son sinif kitaplarinin 4. Unitesi olan Atom Fizigine Giris ve
Radyoaktivite Unitesi incelenmistir. Bunlarin hepsi arastirmaya dahil edildiginden érneklem
alinmasina ihtiya¢ duyulmamistir. Veriler, program kazanimlari, ders kitaplari, yontem ve
teknikler ile etkinlikler seklinde Word programinda listelenmis, gerekli agiklamalar yapilmis, ilgili

tablolar olusturulmus ve bulgular sirasiyla yorumlanmistir.
3. Bulgular

Arastirma sonunda ulasilan bulgular “Lise Fizik Dersi Ogretim Programlari ve Lise Fizik

Dersi 12. Sinif Kitaplar1” basliklari altinda verilmistir.
3.1. Lise Fizik Dersi Ogretim Programlari

Ulkemizde parcacik fizigi alaninda modelleme yaklasiminin durumunu belirlemek icin
Milli Egitim Bakanligi 2018 yili Ortadgretim Fizik Dersi (9, 10, 11 ve 12. siniflar) Ogretim Programi
ile Fen Lisesi Fizik Dersi (9, 10, 11 ve 12. siniflar) Ogretim Programi incelenmistir (MEB, 20183,

2018b). Programin Giris ve Ag¢iklamalar béliminde modelleme yaklasimi, model yapma, model
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inceleme gibi konulardan bahsedilmemektedir. Bunun (izerine her iki programdaki kazanimlar
sirasiyla incelenmistir. inceleme sonucunda model ve modelleme ile ilgili i kazanim

saptanmistir. Bunlar Tablo 1’ de verilmekledir.

Tablo 1.
Modelleme ile ilgili kazanimlar
R Sayi

Modelle lIgili Kazanimlar Lise Fen Lisesi
Isigin davranis modellerini agiklar. 1 1
Siga¢ modeli tasarlar. - 1
Yeni bir GUnes sistemi modeli tasarlar. - 1
Toplam 1 3
Programdaki toplam kazanim sayisi 213 236

Tablo 1’de gorildigi gibi Ortadgretim Fizik Dersi Ogretim Programinda 1 (bir), Fen
Lisesi Fizik Dersi Ogretim Programinda 3(iig) kazanim bulunmaktadir. Bunlar Programdaki tim
kazanimlarin %1 ini olusturmaktadir. Bu oran 6grencilerde bilimsel siire¢ becerilerini gelistirme
acisindan c¢ok yetersiz gortilmektedir. Ardindan Programlarda verilen bitin kazanimlarin nasil
ogretilmesi gerektigine iliskin agiklamalar incelenmistir. Bu agiklamalarda yer alan modelleme ile

ilgili bilgiler Tablo 2’ de sunulmaktadir.

Tablo 2.
Modelleme ile ilgili kazanim agiklamalari
A Sayi

Modelle lIgili Kazanim Agiklamalari Lise Fen Lisesi
Model tasarlama - 3
Matematiksel model gikarma 9 8
Matematiksel model verme 18 22
Matematiksel modelleri inceleme 1 -
Toplam 28 33
Programdaki toplam kazanim sayisi 213 236

Tablo 2’de gérildiigii gibi modelleme ile ilgili Ortadgretim Fizik Dersi Ogretim
Programinda 28, Fen Lisesi Fizik Dersi Ogretim Programinda 33 kazanim altinda aciklama
verilmistir. Bu rakamlar programdaki tim kazanimlarin %13’lin{ olusturmakta ve sayica yetersiz
olmaktadir. Modelle ilgili kazanim agiklamalarinin gogu “matematiksel model verme” ile ilgilidir.
Bunu sayi olarak “matematiksel model ¢cikarma” izlemektedir. Model tasarlama ise Fen Lisesi
Fizik Dersi Ogretim Programinda ¢ kazanim agiklamasinda yer almaktadir. Bu aciklamalar
ogrencilere fizik bilimini iyi 6gretme, bilimsel duslince, bakis ve tutum kazandirma agisindan
yetersiz goriilmustiir. Peki, Programlarda pargacik fizigi alaninda modelleme durumu nedir? Bu
soruyu cevaplamak icin fizik 6gretim programlarindaki Atom Fizigine Giris ve Radyoaktivite

Unitesi kazanim agiklamalari incelenmistir. Elde edilen bulgular Tablo 3’te verilmektedir.
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Tablo 3.
Atom Fizigine Giris ve Radyoaktivite (initesi kazanim aciklamalari

Sayi

Modelle llgili Kazanim Agiklamalan Lise Fen Lisesi

Ogrencilerin atom alti parcaciklari standart model gergevesinde tanimlamalari

9 1
saglanir
Atom alti1 pargaciklardan baslayarak madde olusumunun modelle agiklanmasi i 1
saglanir.
Toplam 1 2
Unitedeki toplam kazanim sayisi 11 13

Tablo 3’te goriildigi gibi 2018 yili Lise Fizik Dersi Ogretim Programi Atom Fizigine Giris
ve Radyoaktivite Unitesinde 11 kazanim, Fen Lisesi Fizik Dersi Ogretim Programinda ise 13
kazanim bulunmaktadir. Bu kazanimlarin hicbirinde modellemeden bahsedilmemektedir.
Sadece iki kazanim agiklamasinda atom alti parcaciklarini modelle tanimlama ve agiklama
istenmektedir. Bu durum parcacik fizigi gibi gozle gériilmeyen olaylari inceleyen, karmasik ve
matematiksel bir alani modellerle 6gretmek yerine geleneksel egitim yontemlerinin tercih

edildigini gbstermektedir.

Sonuc olarak Lise Fizik Dersi Ogretim Programlarinda modellemeye {ic kazanimda yer
verildigi, ortalama 30 kazanim agiklamasinda ise matematiksel model ¢ikarma ve inceleme
Uzerinde duruldugu belirlenmistir. Atom Fizigine Giris ve Radyoaktivite Uinitesindeki pargacik
fizigi kazanimlarinda ise sadece iki kazanimda modellemeye deginildigi saptanmistir. Bu durum
etkili bir fizik 6gretimi ile 6grencilerde bilimsel slire¢ becerilerini gelistirme acgisindan son derece

yetersiz bulunmustur.
3.2. Lise Fizik Dersi 12. Sinif Kitaplari

Parcacik fizigi, Lise Fizik Dersi 12. Sinif Programi “Atom Fizigine Giris ve Radyoaktivite”
Unitesinde ele alinmaktadir. Bu nedenle arastirmada 2019-2020 6gretim yilinda Milli Egitim
Bakanligi tarafindan hazirlanan ve 12. Siniflarda okutulan lise ve fen lisesi fizik dersi 6gretim
kitaplarinin ilgili Gniteleri ele alinmistir. S6z konusu Unitedeki bilgiler “modelleme yaklagimi
yontem ve teknikler ile modelleme etkinlikleri” yoniinden incelenmistir. Elde edilen bulgular

Tablo 4’ de verilmektedir.

Tablo 4.
Ders Kitaplari Atom Fizigine Giris ve Radyoaktivite iinitesi
e - T Sayi

Atom Fizigine Giris ve Radyoaktivite Unitesi Lise Fizik K. Fen L. Fizik K.
Model resimleri 16 9
Modelle ilgili agiklamalar 9 9
Deney diizenegi resimleri 2 5
Toplam 27 23
Unitedeki toplam sayfa sayisi 41 55
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Atom Fizigine Giris ve Radyoaktivite Unitesi lise fizik dersi 6gretim kitabinda 41 sayfa, fen
lisesi fizik 6gretim kitabinda ise 55 sayfa yer kaplamaktadir. Tablo 4’te goruldigu gibi MEB
tarafindan hazirlanan ve 12. Siniflarda okutulan lise ve fen lisesi fizik dersi 6gretim kitaplarinda
modelleme yaklasimi model resimleri, modelle ilgili agiklamalar ve deney diizenegi resimleri
seklinde verilmektedir. Yani ders kitaplarinda agirlikli olarak model resimleri ve modelle ilgili
acitklamalar bulunmaktadir. Genellikle bilim insanlar tarafindan kabul edilen ve uzlasilan
modeller verilmektedir. Bu modeller ve aktardiklari bilgiler hakkinda yorum yapilmamaktadir.
Ogrencilerin bilimsel bilgi ve becerilerini gelistirmeye ydnelik modelleme isleminden
bahsedilmemektedir. Ders kitaplarinda verilen modelleme etkinlikleri de incelenmistir. Elde
edilen bulgular Tablo 5’te verilmektedir.

Tablo 5.
Atom Fizigine Giris ve Radyoaktivite linitesi modelleme etkinlikleri

Sayi
Lise Fizik K. Fen L. Fizik K.
Model agiklama etkinligi 8 -
Model izleme etkinligi
Model hesaplama etkinligi
Grafik ¢izme etkinligi
Model arastirma etkinligi
Model resmi ¢cizme etkinligi -
Model yapma etkinligi
Toplam 18
Unitedeki toplam sayfa sayisi 41 55

Atom Fizigine Giris ve Radyoaktivite Unitesi

N NN D
RN

AR N

Tablo 5’te gorildagi gibi Atom Fizigine Giris ve Radyoaktivite (initesinde, lise
kitaplarinda 18, fen lisesi kitaplarinda 6 modelleme etkinligi verilmistir. Bunlar model agiklama,
izleme, hesaplama, grafik ¢izme, arastirma, resim ve model yapma etkinligi olarak
siralanmaktadir. Gorildigi gibi modelleme etkinlikleri sayisal olarak ¢ok yetersiz olmakta ve
¢ogunlugunu model agiklama ile izleme etkinlikleri olusturmaktadir. Bu kadar az etkinlikle
Ogrencilerin arastirma, sorgulama, inceleme ve elestirel dislinme becerilerini gelistirmeleri,

islevsel projeler, 6zgilin tasarimlar ve buluslar tretebilmelerinin zor olacagi kanisina varilmistir.
4. Sonug ve Oneriler

Fizik, evrendeki olaylarin anlasilmasina 6nemli katkilar saglayan bir bilim dalidir. Bunun
icin alanda sistemli olarak teorik ve deneysel ¢calismalar yapilmaktadir. Bu ¢alismalarda atom ve
atom alti gibi gorilemeyen parcaciklarini incelerken gelismis teknolojik araglardan ve
modellerden yararlanilmaktadir. Modelleme yaklasimi Almanya, Fransa, Kanada gibi ¢ogu
Ulkenin egitim programlarinda yer almaktadir. Dogrudan goézle goriilmeyen varliklari temsil

etmek, aciklamak ve bilim diinyasina kazandirmak igin dnemli bir aractir. Ayni zamanda
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ogrencilerin didslinme, arastirma, sorgulama, tahmin etme gibi bilimsel siire¢ becerilerini
gelistirmeye katki saglamaktadir. Bu nedenle fizik alaninda model ve modelleme ¢ok dnemli

olmaktadir.

Ulkemizde parcacik fizigi alaninda modelleme yaklagiminin durumunu belirlemek igin
yapilan arastirmada lise fizik 6gretim programlari ile ders kitaplari incelenmistir. Once lise fizik
dersi 6gretim programlarinda modelleme ile ilgili kazanimlar belirlenmistir. Aragtirma sonunda
programlarda modelleme ile ilgili 1-3 kazanim saptanmistir. Programdaki tiim kazanimlarin % 1’
ini olusturan bu kazanimlar 6grencilerde bilimsel stire¢ becerilerini gelistirmek icin cok yetersiz
bulunmustur. Programdaki 30 kazanim aciklamasinda ise 6grencilere matematiksel modelleme
vermeye dikkat cekilmistir. Programlarin 12 siniftaki Atom Fizigine Giris ve Radyoaktivite
Unitesinde ise Parcacik fizigi ile ilgili 11-13 kazanimin hi¢birinde modellemeye yer verilmemistir.

Sadece iki kazanim acgiklamasinda 6grencilere model agiklama yaptiriimasi istenmistir.

Fizik ders kitaplarinda da benzer durumlar gérilmektedir. MEB tarafindan hazirlanan ve
12. Sinif lise ve fen lisesi fizik dersi kitaplari “Atom Fizigine Giris ve Radyoaktivite Unitesinde”
model resimleri, modelle ilgili agciklamalar ve deney diizenegi resimleri verilmistir. Modelleme
yaklasimindan bahsedilmemistir. Yine bu Unitede lise kitaplarinda 18, fen lisesi kitaplarinda ise
6 modelleme etkinligi verilmistir. Bunlar model aciklama, izleme, hesaplama, grafik cizme,
arastirma, resim ve model yapma etkinlikleridir. Bunlarin ¢ogu model agiklama ile izleme
etkinlikleridir. Bu kadar az etkinlikle 6grencilerin arastirma, sorgulama, inceleme ve elestirel
diisinme becerilerini gelistirmeleri, islevsel projeler, 6zgiin tasarim ve buluslar iretebilmelerinin

zor olacagi sonucuna varilmistir.

Arastirmada elde edilen bu sonuglar asagida verilen arastirma sonuglariyla
ortismektedir. Ornegin Siizer (2017) tarafindan yapilan bir arastirmada Almanya, ingiltere ve
Tirkiye'deki fizik 6gretim programlari, bu Ulkelerde okutulan lise dizeyindeki fizik kitaplari
karsilastirilimistir. Bu karsilastirma ve arastirmalar sonucunda Glkemizdeki lise fizik 6gretim

programi ve ders kitaplarinin yeterli olmadig1 sonucuna ulasiimistir (Stizer, 2017).

Aytekin (2018) tarafindan yapilan arastirmada ise Milli Egitim Bakanlgi’'na bagli
okullarda okutulan 9.sinif Fizik ders kitabinda (Ortadgretim 9. sinif Fizik) yer alan “Elektrik ve
Manyetizma” Unitesindeki model ve benzetmeler incelenmistir. Arastirma sonucunda, Milli
Egitim Bakanligi’'na bagli okullarda okutulan 9. sinif fizik ders kitabindaki Elektrik ve Manyetizma
Unitesinde kullanilan model ve benzetme 6rneklerinin yetersiz oldugu, fizik 6gretmenlerinin bazi

konularda ihtiya¢ duysalar bile uygun model ve benzetme ornekleri bulmadiklar igin
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kullanamadiklari tespit edilmistir. Fizik 6gretmenlerinin model ve benzetme bulamama
problemlerini gidermek icin ders kitaplarinda yeterince model-benzetme 6rneklerine yer
verilmesi ve 6gretmenlerin anlasiimasi gii¢ ve soyut kavramlar iceren konularin anlatiminda
model ve benzetmelerden daha fazla faydalanmasi gerektigi sonucuna ulasiimistir (Aytekin,

2018).

Aktan vd. (2019) tarafindan yapilan arastirmada lilkemizde 2017 yilinda yenilenen fen
Ogretim programlarinda ve ders kitaplarinda model ve modelleme kavramlarina yer verilme
durumu incelenmistir. incelenen programlarda model ve modelleme kavramlarina deginildigini,
ancak bilimsel modeller ve bu modellerin bilimsel stiregteki roliine yer verilmedigi gérilmistir.
Modelleme c¢alismalarinin genellikle fiziksel ve dlgeklendirilmis modellere yonelik oldugu ancak
teorik, kavramsal ve matematiksel modellere deginilmedigi gbzlenmistir. Yeni 2017 fen 6gretim
programlari ve ders kitaplarinin model ve modelleme kavramlari agisindan yetersiz kaldigi

sonucuna ulasiimistir (Aktan vd., 2019).

Dilger ve Ogan-Bekiroglu (2023) tarafindan yapilan arastirmada Milli Egitim Bakanhgi
tarafindan onaylanmis fizik ders kitaplarinin etkinliginin hem batinsel olarak hem de farkli
kategoriler altinda ayrintili olarak incelenmistir. incelenen lise fizik ders kitaplari 6grencinin
O0grenmesinde ve 6gretmenin 6gretim uygulamasinda beklenen role tam olarak sahip olmadigi,
fizik ders kitaplarinin en zayif oldugu kategorinin igerik oldugu belirlenmistir. Kitaplarin gesitli

yonlerden eksiklikleri oldugu ortaya konulmustur (Diilger & Ogan-Bekiroglu, 2023).

Sonug olarak pargacik fiziginin etkili 6gretilmesi igin lise fizik 6gretim programlari ve ders
kitaplarinda modelleme yaklasimina gereken agirlik verilmelidir. Programda modelleme ile ilgili
kazanim sayisi artirmalidir. Ogrencilerin bilimsel siire¢ becerilerini gelistirmek icin modelleme
slrecinde arastirma, sorgulama, tahmin, deney, gozlem, test etme ve modeli dogrulama
yontemleri uygulanmalidir. Ders kitaplarinda modelleme yaklasimina yonelik aciklamalar
yapilmali, modelleme etkinliklerinin tlrl ve sayisi artirilmalidir. Béylece 6grencilerin somuttan

soyuta gecis yapmalari, bilimsel bilgi ve teknoloji Gretimine yonlendirilmeleri saglanmalidir.

CIKAR CATISMASI BEYANI
Yazar bu galismasinda herhangi bir sekilde gikar gatismasi olmadigini beyan eder.
ARASTIRMA VE YAYIN ETiGi BEYANI

Yazar bu galismasinda arastirma ve yayin etigine uyuldugunu beyan eder.
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YAZAR SORUMLULUK BEYANI

Yazar bu ¢alismanin her asamasini kendisinin yaptigini beyan eder.
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