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Dear Readers,

We are delighted to present you the November 2024 issue of the Journal of Limitless
Education and Research.

The aim of our Journal, which has been continually published by the Limitless Education and
Research Association (LERA) for 8 years since 2016, is to contribute scientifically to the field of
education and research. To this end, theoretical and applied original studies are published for free
and shared with readers at nationwide and worldwide.

The Limitless Journal of Education and Research is published in Turkish and English three
times a year and indexed in EBSCO, Education Full Text (H. W. Wilson) Database Coverage List, which
is accepted as a field index by the Higher Education Council (UAK in Turkish). Additionally, it is
indexed in various national and international indexes such as ASOS, DRIJI, ESJI, OAJl, ROAD, SIS,
SOBIAD, Worldcat, and receives numerous citations. To the SOBIAD impact factor, our journal is in
the top 90th among scientific journals in our country. Our initiatives and studies continue so as to
let our journal be scanned in national and international indexes.

SEAD Journal, an internationally peer-reviewed journal, is published with scientific
contributions of articles, research, and projects by academics, researchers, educators, and teachers
from different countries. Our journal has been maintaining its publication for eight years without
compromising its academic and scientific quality, delivering current and new studies to readers in
the field.

In this issue of our journal, four scientific research and articles related to education are
included. We would like to thank all the editors, authors, reviewers, and translators who contributed
to the preparation and publication of this issue.

We extend our respect with the hope that our journal will contribute to scientists,
researchers, educators, teachers, and students in the field.

LIMITLESS EDUCATION AND RESEARCH ASSOCIATION
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Degerli Okuyucular,
Sizlere Dergimizin Kasim 2024 sayisini sunmaktan biytk mutluluk duyuyoruz.

Sinirsiz Egitim ve Arastirma Dernegi (SEAD) tarafindan 2016 yilindan bu yana 8 yildir kesintisiz
olarak yayinlanan Dergimizin amaci, egitim ve arastirma alanina bilimsel yonden katki saglamaktir.
Bu amagla kuramsal ve uygulamali 6zglin calismalar Ucretsiz yayinlanmakta, ulusal ve uluslararasi
dizeydeki okuyucularla paylasiimaktadir.

Sinirsiz Egitim ve Arastirma Dergisi (SEAD), yilda {i¢ say olarak Tirkce ve ingilizce
yayinlanmakta, UAK tarafindan alan indeksi olarak kabul edilen EBSCO, Education Full Text (H. W.
Wilson) Database Covarage List’te taranmaktadir. Ayrica ASOS, DRJI, ESJI, OAJI, ROAD, SIS, SOBIAD,
Worldcat gibi ulusal ve uluslararasi cesitli indekslerde taranmakta ve ¢ok sayida atif almaktadir.
SOBIAD etki faktériine gore Dergimiz, Ulkemizdeki bilimsel dergiler icinde ilk 90. sirada
bulunmaktadir. Dergimizin ulusal ve uluslararasi indekslerde taranabilmesi i¢in girisimlerimiz ve
¢alismalarimiz devam etmektedir.

Sinirsiz Egitim ve Arastirma Dergisi (SEAD), uluslararasi hakemli bir dergi olmakta, farkli
Ulkelerdeki akademisyen, bilim insani, arastirmaci, egitimci ve Ogretmen yazarlarin makale,
arastirma, proje gibi bilimsel katki ve destekleriyle yayinlanmaktadir. Akademik ve bilimsel
kalitesinden 6din vermeden sekiz yildir yayin hayatini siirdiirmekte, giincel ve yeni calismalari
alandaki okuyuculara ulastirmaktadir.

Dergimizin bu sayisinda egitimle ilgili dort bilimsel arastirma ve makaleye yer verilmistir. Bu
sayinin hazirlanmasi ve yayinlanmasinda emegi gegen bitlin editor, yazar, hakem ve gevirmenlere
tesekkiir ediyoruz.

Dergimizin alandaki bilim insani, arastirmaci, egitimci, 6gretmen ve 6grencilere katkilar
getirmesi dilegiyle saygilar sunuyoruz.

SINIRSIZ EGITIM VE ARASTIRMA DERGISI
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An Investigation into Secondary School Students' Skills in Using
Symbols, Operations, Concepts and Rules in Mathematical
Modeling Applications

Ugur YILDIRIM, Milli Egitim Bakanligi, ugryldrm263@gmail.com, 0000-0001-8437-6272

Prof. Dr. Mehmet BEKDEMIR, Erzincan Binali Yildirim University, mbekdemir@erzincan.edu.tr,
0000-0003-1884-2938

Abstract: This study aims to examine the symbols, operations, rules and generalizations used by
sixth grade students in mathematical modeling processes. Using the Teaching Experiment method, data
was collected through student worksheets and video recordings. Analyzes showed that students correctly
used previously learned symbols such as +, =, /, discovered new symbols, and applied their own strategies
during modelling. Mathematical modeling activities helped students make interdisciplinary connections
and relate concepts to daily life. The students correctly used the concepts they had previously learned
and discovered new concepts, but it was determined that they needed more time and practice to
generalize. The study emphasizes the importance of applying mathematical modeling activities frequently
and with a variety of topics.

Keywords: Mathematic, Mathematical education, Mathematical modelling.

* This study was produced from the master's thesis numbered 573242, titled “The analysis of sixth grade students
skills at mathematical modelling”, in the Thesis Center of the Council of Higher Education.

Cited in: Yildinm, U. & Bekdemir, M. (2024). An investigation into secondary school students' skills in using symbols,
operations, concepts and rules in mathematical modeling applications, Matematiksel modelleme uygulamalarinda
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1. Introduction

In today’s world, the primary aim of education is to nurture individuals who can
collaborate, continue learning, apply acquired knowledge, think critically, sustain authentic
learning, and exhibit creativity. So as to achieve these goals, education curriculum are regularly
updated in Turkey as well as in the rest of the world. Especially, since 2005, there has been a
great emphasis on modern teaching approaches in mathematics curricula for secondary and
high school to raise students who collaborate, question, think creatively and be learners of self-
directed learning, by giving more emphasis on situations/problems involving daily life scenarios.
One of these modern approaches is mathematical modeling. In parallel with this, the integration
and importance of mathematical modeling in all levels of education is increasing in international
and national platforms (Czocher, 2017; Cakmak Giirel & Bekdemir, 2022; Greefrath & Vorholter,
2016; Schleicher, 2007). In this respect, it is noteworthy that mathematical modeling has been
calibrated within the national curricula of many countries such as Turkey, the United States, and
Germany as a national skill or competency (Blomhgj & Kjeldsen, 2006; Turkish Ministry of
Education, 2013).

The desire to enhance mathematical modeling skills stems from the numerous
advantages offered by these modern mathematical applications (Sokolowski, 2015). Primarily,
modeling skills facilitate connections across various disciplines and areas of life, particularly in
the STEM fields. Secondly, mathematical modeling not only aids in improving mathematics
education but also offers students the opportunity to develop mathematical thinking skills,
acquire more effective problem-solving abilities, and cultivate a positive attitude toward

mathematics (Blum & Borromeo Ferri, 2009; Manouchehri et al., 2020).

Despite the benefits of mathematical modeling, research in the field indicate that
realizing classroom applications of mathematical modeling is not as straightforward as
anticipated, due to the complex nature of the modeling process itself. This process involves
numerous skills such as understanding, simplifying, making assumptions, mathematizing,
performing mathematical operations, interpreting mathematical results, obtaining real results,
interpreting these results, and presenting and being talented to discuss arguments (Solar et al.,
2022). Enhancing the effectiveness of these mathematical modeling applications requires a

detailed examination of these processes in detail.
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According to this, it is essential to explore which assumptions, mathematical concepts,
symbols, theories, operations, and generalizations students utilize at the initial stages of
mathematical modeling, secondaryand the reasons behind their choices. It is believed that
conducting this at the secondary school level, where studies on this topic are limited and many
concepts and generalizations are introduced for the first time, will contribute to the
effectiveness of mathematical modeling in classroom applications (Cakmak Giirel & Bekdemir,

2022).

This study aims to explore the symbols, operations, rules, and generalizations utilized by
sixth-grade students during the mathematical modeling process and the reasons for their

preference. To this end, the following two sub-questions are investigated.

1. What symbols, operations, concepts, rules, and generalizations do students use in

mathematical modeling processes?

2. What are the reasons students choose specific symbols, operations, concepts, rules,

and generalizations in the mathematical modeling process?
1.1. Literature Review

In the literature, there is a general consensus that mathematical modeling is viewed as
a process, while a mathematical model is considered as a product (Anhalt & Cortez, 2016).

However, these concepts are defined in detail and differently in the field.

A mathematical model is defined by Cobb et al. (2003) as an attempt to create an
analogy between an unknown system and a previously known or familiar system, whereas it is
described by Lesh and Doerr (2003) as a structure that includes students' conceptual systems
alongside their external symbolic representations (such as ideas, representations, rules, and
materials). Therefore, a model can be thought of as a tool representing certain aspects of real-
life situations, rather than encompassing all elements (Greefrath & Vorholter, 2016). From this
point of view, the mathematical model can be defined as a tool that represents the real world
with mathematical expressions (Manouchehri et al.,, 2020). In the same vein, Pollak (2003)
defines a mathematical model as an idealized mathematical representation of a real-world
situation, which includes transforming this representation into a mathematical formula. The
commonality in these definitions is to focus on using mathematical representation so as to
interpret an event or situation in the real world (Stillman et al., 2020; Tropper et al., 2015;

Vorholter et al., 2019).
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Mathematical modeling, on the other hand, is commonly described in the literature as
a cyclical process wherein real-life situations or problems are translated into mathematical
representation, solved within this representation system, and then tested again in real-life
contexts (Czocher, 2017). Pollak (2003) defines mathematical modeling as the process of
creation, application, adjustment, and verification. Blum and LeiR (2007) outline this process in
six stages: "Real Situation," "Situation Model," "Real Model," "Mathematical Model,"
"Mathematical Results," and "Real Results." This process includes identifying variables,
relationships, or predictions related to the given real-life situation, mathematizing, interpreting
mathematical results within the real-world situation, and verifying them (Anhalt & Cortez, 2016;

Aydin & Derin, 2020; Cakmak Giirel & Bekdemir, 2022).

In this process, the modeler works to understand the situation/problem, and this effort
leads to the development of a situation model. During the stage of simplifying and structuring,
the modeler defines, describes, or specifies conditions and variables and expresses their sub-
problems related to the situation. When constructing a mathematical model, it represents the
simplified situation using relevant mathematical tools or representations. Then, it aims to reach
real results by conducting mathematical analyses and interpreting mathematical results. These
mathematical models are later checked and verified by comparing them to the situation model.
If the results are insufficient or inaccurate, a new iterative cycle is initiated to revise the model.
Finally, the modeler shares the final model with their peers (Czocher, 2018). In practice, the
mathematical modeling process is not as simple as described here. Upon consideration
literature, it is a highly complex process for both students and teachers, and there are numerous
challenges in learning and teaching this process (Durandt & Lautenbach, 2020; Tropper et al.,

2015).

In line with this, numerous studies have been conducted at the national and
international levels to investigate students' cognitive behaviors and competencies within the
mathematical modeling cycle and to shed light into how teachers could guide students through

this process (Blum & Borromeo Ferri, 2009; Cakmak Girel, 2018; NCTM, 2014).

Research revealconducted reveal that students and teachers experience deficiencies
and challenges in various stages of the mathematical modeling cycle (Abel et al., 2020; Biccard,
2024; Frejd & Vos, 2024). Students have difficulties in expressing assumptions, relating modeling

to daily life, developing a mathematical model, interpreting or verifying mathematical results,
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and testing the model in real life (Glrbliz & Calik, 2021; Maass, 2006; Rosa & Orey, 2015;
Widjaja, 2013).

Some teachers, on the other hand, do not think that the mathematical model is a
mathematical representation of real-life scenarios, or they mistakenly believe that the
mathematical model is a physical model, such as a three-dimensional representation of a cube
(Stillman et al., 2017). Furthermore, there are some teachers who find it difficult to grasp the
concept of a mathematical model as a representation of a real-world situation (Carreira & Baioa,

2018; Geiger & Frejd, 2015).

Despite these challenges students experience, studies reveal that mathematical
modeling practices across all educational levels improve students' interpretive and thinking
abilities, reduce the negative effects of rote learning. In the same vein, they enhance their
teamwork skills and also contribute to students' reading comprehension abilities, help them
relate mathematics to real-life situations, and foster their positive attitudes towards

mathematics (Kaiser, 2020; Niss et al., 2007).

The substantial benefits of mathematical modeling have shifted the focus of research
from university and high school students to secondarysecondary and elementary school levels
(Manouchehri et al., 2020). Hence, it is especially important in Turkey to examine students' skills
and competencies at each stage of the mathematical modeling process at the elementary level,
particularly for teachers who will provide guidance. In particular, it is important to reveal what
are the mathematical symbols, operations, rules and generalizations used by primary school

students in the mathematical modeling process and why they prefer them (Cirillo et al., 2016).
2. Method

The focus of this study is to determine the mathematical content of models produced
by secondarysecondary school students and to assess their mathematical knowledge and skills.
For this purpose, the Teaching Experiment (TE) method was utilized. Firsthand, this method is
considered a teaching and research method used to understand students' mathematical
learning and logical thinking abilities. It provides researchers with the opportunity to directly
observe and experience students' mathematical learning experiences by examining their
changes and developments in small components in the process. This method could be expressed
so as to gain a more in-depth understanding of students' development and to improve

instructional methods (Steffe & Olive, 2010; Steffe & Thompson, 2000).
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In this study, this method was preferred to directly observe and reveal the students’
knowledge and skills in the processes of different mathematical modeling activities. Secondary
school students were given tables showing the average air temperatures of a city by months
from 2013 to 2018 and showing the results of the Olympic athletics 100 m women's and men's
100 meter race results from 1980 to 2016. They were asked to use these tables to predict the
nationalities, race times of the 100-meter male and female athletes in the next Olympics, as well
as to predict the monthly average temperatures for the following year. It was aimed to reveal
the symbols, operations, concepts, rules, and generalizations students utilized in mathematical

modeling processes.

During the modeling activities, students worked in groups, and the teacher refrained
from providing direct information or guidance. Instead, students relied on their own and their
peers' knowledge and experiences to develop mathematical models and predictions. After
creating their models and predictions, students presented their findings to the entire class and
engaged in discussions with their classmates, allowing both group work and class presentations
to serve as a platform for directly observing and evaluating the symbols, operations, concepts,

rules, and generalizations they utilized.
2.1. Study Group

The participants in this study consisted of 22 sixth-grade students (10 female, 12 male)
attending a secondarysecondary school near the center of a large city in Eastern Anatolia Region
during the 2018-2019 academic year. The sample was chosen through convenience sampling
(Yildirnm & Simsek, 2013) as the researcher was also the teacher of the selected class. One of
the reasons for choosing the participant is that they have academically high-achieving level. The
reason why these successful students are preferred is to reveal the symbols, operations,
concepts, rules and generalizations used by the students more and more clearly in mathematical
modeling processes, especially at the secondary school level. Since mathematical modeling and
group work are rarely practiced in secondary schools, none of the participants had any prior

experience with mathematical modeling activities.

The topics and symbols the students had learned up until the time of the modeling
activity can be summarized as follows. In fifth grade, students learned about natural numbers
and operations, addition and subtraction with fractions, decimal representations, basic
geometric concepts, triangles and quadrilaterals, measurement of length and time, area of a

rectangle, and how to recognize and label the elements of a rectangular prism. They also learned
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how to formulate research questions that require data collection, create frequency and bar
graphs, and interpret data. In sixth grade, prior to the activity, students learned about
operations with natural numbers, factors and multiples (including terms like multiples, divisors,
prime numbers, common divisors, and common multiples), and sets. They also learned symbols

such as +, =, x, =, %, //, AB, [AB], | AB|, dm, dam, hm, cm?, and m?2.
2.2. Data Collection

Within the scope of this study, the data were gathered through students' worksheets,

video recordings, and the transcription of these videos into text format.

During the implementation stage, worksheets produced by the students during in-class
group work were collected by the researcher at the end of each lesson, with the students’ names
written on them for documentation. These worksheets were later used for analysis in alignment

with the study’s sub-problems.

Additionally, video recordings of group work and in-class sharing of the created models
were taken, and then these video recordings were transcribed into text format. The accuracy of
these transcriptions was verified by listening to the videos multiple times. In this process, a few

words that were not understood due to noise were corrected in the texts.
2.3. Data Analysis

The data gathered from the students' worksheets and transcriptions of the videos were
subjected to content analysis. The primary purpose of content analysis is to systematically
examine the data within a framework of explanatory concepts or relationships. For this purpose,
first of all, codes suitable for the word or sentence in the data are assigned. Accordingly, codes
were assigned to words or sentences in the data, which were then grouped into conceptual
categories to form themes. Finally, similar codes in the data were grouped under the same
themes and systematically interpreted in a way that readers could understand (Yildirm &

Simsek, 2013).

To identify the mathematical symbols, operations, concepts, rules, and generalizations
used by students during the modeling process, data from worksheets and video recordings were
analyzed in alignment with the sub-problems. In the analysis phase, the mathematical symbols
created or adapted by the students, as well as their shapes or expressions, were converted into

codes, which were then grouped under the theme "Symbols." Similarly, students’ use of
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mathematical operations and execution of their own strategies were coded and later combined

under the theme "Operations.".

Under the theme of "Mathematical Concepts and Rules," all variables, concepts, or rules
that could influence the students' modeling were included even if they were not expressed in a
mathematical format in the coding process. These were then grouped under a sub-theme titled

"Non-Mathematical Concepts and Rules," as displayed in Table 1.

When constituting codes, the analysis initially focused on the symbols, operations, and
rules included in the grade-level mathematics curriculum or textbooks. However, any additional
symbols, operations, or rules used by the students that were not in the curriculum were also
considered. For instance, it was observed that some students used the abbreviation "AM" for
Arithmetic Mean. Even if this concept and abbreviation are beyond their grade level, the
students were observed to have used it correctly. Thus, consequently, in the analysis it was

decided to include non-mathematical representations in the symbols category.

To ensure validity and reliability, the codes and themes established by the researcher
were reviewed by an expert of mathematics education, and concensus was reached.
Subsequently, the researcher re-examined the data according to these codes and themes and
tabulated. The expert also independently reviewed the worksheets following the same codes
and themes. The inter-rater reliability was assessed by comparing the results of the researcher
and the expert, and a match rate of 87% was found. This rate was calculated based on the ratio
of the total number of codes to categories (1 - [5 differing codes / 41 total categories]). According
to Miles & Huberman (1994), a match rate of 70% or above is considered acceptable, indicating

sufficient reliability between coders.

To address the second sub-problem, which asked, "What are the reasons students
choose specific symbols, operations, concepts, rules, and generalizations in the mathematical
modeling process?", the data from student worksheets and class discussion transcripts were

subjected to descriptive analysis in relation to the first sub-problem's themes.
2.4. Study Implementation

Before beginning the mathematical modeling activities, students completed “Warm-Up
Problems” to engage and help them feel comfortable with the setting and their classmates (Lesh
& Doerr, 2003). For instance, the warm-up problem before the first modeling activity was as

follows:
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O

12 36 80 150 ?

Based on the above-mentioned statement, which number should be replaced by ‘?’" in

Step 6 for the statement to be accurate?

This problem was posed to students to think about on their own or in groups and to
provide answers. Students proposed various solutions, some of which were contested by other
classmates, leading to discussions and a consensus. After the warm-up problems, the

mathematical modeling activities began.

For the mathematical modeling activity, two different modeling tasks were, as
previously mentioned, selected. The first task involved predicting the weather. In this task,
students were provided with a table showing the monthly average temperatures from 2013 to
2018 in the city where the study was conducted. Using this table, they were asked to predict the
average temperatures for each month in the following year. The purpose of this activity was to
give students who had no prior experience on mathematical modeling, an opportunity to engage
in a modeling task. This activity aimed to help students experience the mathematical modeling

process and obtain data.

In the second mathematical modeling activity, students were provided with a table
containing the results of 100-meter races for men and women from the Olympics from 1980 to
2016. Using this data, students were asked to predict the top three athletes, their times, and
their countries for the next Olympics. During this activity, students were given the opportunity
to research the Olympic track races and results on the internet and watch videos of previous
100-meter men’s and women’s races. This allowed students to observe and learn new concepts
related to athletics, the Olympics, and Olympic events. For example, while watching the videos,
students commented on athletes’ body movements (e.g., keeping their heads down or up, arm
position, steps). After watching the videos, students were divided into groups of 4-5 members
based on their preferences. Each group received a table showing the top three athletes, their
times, and their countries in the 100-meter men’s and women’s races from the last 10 Olympics.
The groups were asked to use this table to analyze scores and countries and to make predictions
for the next Olympics. Students first examined the table, studied the scores and countries, and

worked on predictions. During this process, students presented and justified their ideas to
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convince their peers. Each group recorded their mathematical models, calculations, and
generalizations, if any, on worksheets. Once the groups completed their work, each group
presented their findings to the class, after which other students asked questions and discussed
the model or predictions. The activity concluded after all groups had presented. This activity

spanned three weeks, with a total of 12 class hours.

In this study, the teacher was both the instructor and the researcher. During the
implementation process, the teacher refrained from providing direct information to students
and instead asked questions aimed at encouraging critical thinking, such as why and how
guestions regarding the models or results the students found. The tables used in the two
"Weather Forecast" and "Olympic Results" applications were created by the researcher using
actual data. The researcher consulted a field expert with experience in mathematics education
and mathematical modeling to review the tables and data used in these applications. Based on
recommendations, additional information about the second and third-place runners was

included in the Olympic results table, which was revised accordingly.
3. Findings

To address the first sub-problem of “What symbols, operations, concepts, rules, and
generalizations do students use in mathematical modeling processes?”, content analysis was
conducted on the data collected from the study group’s worksheets and classroom discussion
transcripts. The findings are presented separately for each of the two mathematical modeling
applications under the themes of "Symbols," "Operations," and "Concepts and Rules," with their

corresponding codes, frequencies, and percentages, as displayed in Table 1 and Table 2.

Table 1
Symbols, Operations, and Concepts/Rules in the First Mathematical Modeling Application

Theme Code Frequency %
AA¥* 2 15
= 4 30
/ 2 15
Symbols N 5 15
- 3 25
Total 100
Addition 3 30
Subtraction 1 10
Operations Arithmetic Average 2 20
Addition with Decimals 1 10
Division with Decimals 3 30
Total 100
. Global Warming 1 100
Non-Mathematical Concepts and Rules
Total 100
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Mathematical Concepts and Rules

Pattern
Arithmetic Average (AA)

1 50
1 50
Total 100

*Aritmatic Average

According to Table 1, in the first mathematical modeling application, the students used

a total of five different symbols (13 times), five operations (10 times), and four concepts or rules.

Under "Non-Mathematical Concepts and Rules," global warming was mentioned once. An

example from one group included the statement, “Due to the effects of global warming,

temperatures will rise over the years.”.

Table 2

Symbols, Operations, and Concepts/Rules in the Second Mathematical Modeling Application

Theme Code Frequency %
= 4 25
AA 2 13
/ 4 25
Symbols N 4 55
- 2 12
Total 100
Addition 2 22
Addition with Integers 1 12
. Arithmetic Average 2 22
Operations . . .
Addition with Decimals 2 22
Division with Decimals 2 22
Total 100
World Record 1 7
Fatigue 1 7
Penalty (Ethics) 1 7
Wind 1 7
Non-Mathematical Concepts and Rules Technology 1 7
Young - Old 4 29
Friction 1 7
Experience 4 29
Total 100
Ranking and Sequencing 4 13
Pattern 4 13
Arithmetic Average 5 17
Age 4 13
Frequency 2 8
. Magnitude 1 3
Mathematical Concepts and Rules Smallness 1 3
Times 1 3
Increasing-Decreasing 2 8
Probability 1 3
Minimum-Maximum 1 3
Grouping 4 13
Total 100
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As seen in Table 2, in the second mathematical modeling application, students used five
different symbols (16 times), five operations (9 times), and six non-mathematical concepts or
rules (44 times). In both applications, students did not make generalizations. Under the theme
of "Symbols," students generally used previously learned symbols (+, -, /, etc.). The only

exception was the use of ‘AA’ to represent Arithmetic Average.

In the "Operations" theme, most students relied on previously learned operations, such
as addition and subtraction, sometimes adapting these operations into their own strategies. For
example, in decimal addition, students grouped decimal numbers in threes and then summed

each group individually before totaling the grouped sums.

These findings suggest that students correctly used symbols and operations they had
learned in the past and developed new strategies for their use during the mathematical modeling

activities.

Figure 1. Expressions used by students under the theme of operations

Under the "Mathematical Concepts and Rules" theme, three significant observations
emerged. Firstly, students utilized non-mathematical variables that could affect their
mathematical models, such as frictional force, wind, world records, and experience—concepts
that relate to other subjects. For example, in a classroom discussion, one group of students
noted, "We noticed that athletes keep their heads up while running towards the finish line so
they can go faster. After crossing the line, they lower their heads, which slows them down due

to friction."

Secondly, students frequently applied mathematical concepts and rules they had
previously learned in their secondary school mathematics curriculum. Examples include
operations with decimals and basic arithmetic functions like addition and division, as shown in

Figure 2, which illustrates students’ calculations in the context of these operations..
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Figure 2. Expressions used by students under the theme of operations

Thirdly, some students used mathematical concepts and rules that were above their
grade level, such as negative integers, arithmetic averages, and probability, as exemplified in

Figure 3, where students recorded their use of these higher-level operations and concepts.

Figure 3. Expressions used by students under the theme of operations

From these findings, it is evident that students utilized mathematical and non-
mathematical concepts accurately in mathematical modeling activities, even incorporating

advanced concepts beyond their grade level.

When comparing Table 1 and Table 2, it appears that students used more symbols,
operations, and mathematical and non-mathematical concepts during the second modeling
activity (Olympic track events) compared to the first (weather forecasting). This suggests that

students engaged with a broader range of ideas and themes in the more complex activity.

To address the second sub-problem, "What are the reasons students choose specific
symbols, operations, concepts, rules, and generalizations in mathematical modeling?"

descriptive analysis was performed.

Under the “Symbols” theme, symbols like +, -, and / are part of the secondary school
mathematics curriculum and relevant to the students’ grade level. However, the use of the
abbreviation “AA” for “average” is generally introduced in later grades. During interviews,
students explained that they used symbols such as + and - both as mathematical operations and
as indicators for temperature changes, with “AA” being used to represent an average based on

their understanding and familiarity with textbook examples.

Under the “Operations” theme, basic operations (addition, subtraction, multiplication,

and division) are introduced to students at this grade level. However, operations involving
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negative numbers and calculations for arithmetic average are generally taught at a later stage.
In discussions, students explained that they grouped negative and positive numbers separately

when adding, basing the final sign on which group had the greater absolute value.

Under the “Non-Mathematical Concepts and Rules” theme, students justified the use of
the concept of "global warming" by referring to phenomena such as melting glaciers, the
greenhouse effect, and the loss of polar bear habitats, indicating that they recognized climate
change’s impact on rising temperatures. This is illustrated in Figure 4, where students

documented their reasoning in the worksheets.

[ Fi T T T R

Figure 4. Expressions used by students under the theme of non-mathematical concepts

and rules

Under the “Mathematical Concepts and Rules” theme, students explained that they
recognized patterns in the historical data where both minimum and general average
temperatures appeared to be increasing. This led them to use the concept of a pattern in their
models, explaining that a pattern could be observed even if the increase was not consistent every
year. Arithmetic average was often referenced as a "mean" that could be calculated by averaging
values across multiple years. An example of this is a student group’s statement: “We will
calculate the average temperature from 2013 to 2018 and then divide this by six to get the

average for each year.”. In the second modeling activity;

Under the “Symbols” theme, symbols such as +, -, /, and . are included as the four basic
operations in the secondary school mathematics curriculum for this grade level. However, the
“AA” symbol, representing the Arithmetic Average, is introduced in later grades. Interviews with
students revealed that they used the + and - symbols specifically as operations, while “AA” was

used as an abbreviation for "average".

Under the “Operations” theme, addition with integers, arithmetic average, and addition
and division with decimal numbers are part of the curriculum for this grade level. However,

calculating the arithmetic average is generally introduced at a later stage. During interviews,
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students stated that, due to not having learned the formal method for finding arithmetic

averages, they referred to it simply as “average”.

In the “Non-Mathematical Concepts and Rules” theme, students incorporated terms
from daily life or other subjects, such as fatigue, penalties, wind, technology, and age differences

(young-old), using these as variables or assumptions. Examples of students' statements include;

“As a rule, Jamaica has historically won the women’s 100-meter race most often, so
Jamaica will likely win the next Olympics. Jamaica has developed itself in this sport and, in terms

of experience, is more advanced than other countries, so it’s expected to win again.”

“Additionally, we noticed that athletes keep their heads up while running to reduce air
resistance and run faster. Then, as they approach the finish line, they lower their heads to slow

down, which is due to friction.”.

In the “Mathematical Concepts and Rules” theme, when asked why they used concepts
such as pattern, frequency, age, magnitude, smallness, and increase-decrease, students
explained that they were primarily associated with their math curriculum. For example, students
stated that they used the concept of a pattern to describe consistent increases or decreases over
the years, even if the trend was not perfectly uniform. The concept of probability (chance) was
applied by students to predict that the United States would likely win the men’s 100-meter race,

as demonstrated by their pattern analysis in Figure 5.
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Figure 5. A pattern table showing the countries that won the Olympics and the number of wins

created by the students

Figure 5 reveals a pattern table the students created listing the winning countries and
the number of times each country has won, leading them to conclude that the U.S. is likely to

win again based on past success.
4. Conclusion, Discussion, and Suggestions

This study primarily aims to identify the symbols, operations, and rules used by sixth-

grade students in mathematical modeling processes. In line with this objective, two main
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findings were obtained within the theme of symbols. The first finding is that students correctly
used symbols they had previously learned throughout the modeling process. Specifically, it was
found that students used the symbols +, /, and = more frequently. This increased use may be
attributed to the prominent place these symbols hold in the sixth-grade curriculum and their
relevance to the mathematical modeling scenarios used in this study. This result aligns with
findings by Akgiin et al. (2013), who reported that students tend to use symbols they have
previously learned more often. The second finding is that students, albeit to a limited extent,
used the abbreviation/symbol “AA,” which they had not formally learned before. This result
supports the conclusions of Cheng (2001) and Olkun & Ucar (2007), who noted that
mathematical modeling activities reinforce students’ ability to use familiar symbols correctly and
to explore new ones. Thus, using varied mathematical modeling scenarios in math lessons is
recommended to help students reinforce known symbols, discover new ones, and deepen their

understanding.

In terms of operations theme, it was observed that students performed addition with
decimal numbers accurately during the mathematical modeling activities. This outcome was
expected. However, some students also developed unique strategies for these operations,
which they successfully applied. This observation is consistent with the findings of Borromeo
Ferri (2010) and Kal (2013), which showed that mathematical modeling activities provide
students with opportunities to apply known operations while developing and using new

strategies.

Regarding mathematical concepts and rules theme, three findings emerged. First, as
with the themes of symbols and operations, students effectively used concepts and rules they
had previously learned when constructing their mathematical models. This finding is consistent
with prior research on mathematical modeling processes, which has shown that students
effectively apply previously learned concepts and rules in these contexts (Blum & Borromeo

Ferri, 2009; Karali, 2013).

The second aspect is their ability to correctly apply concepts and rules, such as
probability, negative integers, and arithmetic mean, which they had not previously learned and
will encounter in later periods and/or grade levels. This finding aligns with results from research
on mathematical modeling applications, where students have been found to utilize new

concepts and rules correctly (Borromeo Ferri, 2010; Kal, 2013).
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The third aspect is that students have used concepts they learned in other subjects
and/or in daily life as mathematical variables. It has been observed that students accurately and
effectively applied concepts related to other disciplines or daily life, such as friction, fatigue,
punishment, experience, and so on, in contexts unrelated to mathematics. This supports the
objective of the Secondary School Mathematics Curriculum to establish connections between
mathematics and other subjects (Ministry of National Education, 2018). From this, it can be
inferred that mathematical modeling activities contribute to students' ability to establish
connections between mathematics and concepts from other subjects and daily life. This aligns
with findings by Ozkaya et al. (2023) and Muslu and Ciltas (2016), which indicate that
mathematical modeling activities provide students with opportunities to connect mathematics
with various fields. Interdisciplinary projects and activities that promote connections between
mathematics and other subjects through mathematical modeling could be recommended.
Mathematical modeling applications could also be suggested for learning both specific concepts
and broader topics, as well as for developing thinking skills. Mathematical modeling activities

could help students develop the ability to generate new mathematical concepts and rules.

Mathematical modeling activities contribute to the application and emergence of
previously learned and new concepts and rules in the categories of symbols and operations
related to mathematics. The view put forth by Geiger et al. (2022) that mathematical modeling
applications should be used not for the learning of specific concepts and topics, but for the

learning of broader topics and the development of thinking skills, aligns with this result.

In conclusion, it is believed that mathematical modeling applications provide students
with the opportunity to use and apply the symbols, operations, concepts, and rules they have
learned in mathematics. Additionally, these applications are expected to enhance students'
ability to establish connections between mathematics and other disciplines, as well as offer
opportunities for creating new concepts. This outcome is consistent with the findings in the
literature, which suggest that mathematical modeling will positively contribute to
understanding and applying concepts that will be learned in later years (Blum & Borromeo Ferri,

2009; Karali, 2013; Kutluca & Kaya, 2023).

It is recommended that mathematical modeling applications that allow for
generalization be selected, and more time should be allocated for working on them. Such
applications are thought to not only facilitate students' ability to generalize but also provide

them with opportunities to connect mathematics with other subjects and concepts from daily
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life. Therefore, it is suggested that mathematical modeling applications be used at least once a

month in lessons.
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1. Giris

Gunumuzde egitimin temel amaci; is birligi yapabilen, strekli 6grenmeye devam eden,
edindikleri bilgileri uygulamaya koyabilen, sorgulayici ve elestirel distinen, 6zglin 6grenmeyi
slirdliren ve yaratici distinebilen bireyleri yetistirmektir. Bu hedeflere ulasmak amaciyla, diinya
genelinde oldugu gibi Tirkiye'de de egitim ve 0Ogretim programlari dizenli olarak
giincellenmektedir. Ozellikle 2005 yilindan itibaren, ortaokul ve lise matematik &gretim
programlarinda, giinluk yasam senaryolarini iceren durum/problemlere daha fazla 6nem
verilerek is birligi yapan, sorgulayan, yaratici distinen ve kendi kendine 6grenen o6grenciler
yetistirmek icin modern 6gretim yaklasimlarina biyik bir vurgu yapilmaktadir. Bu modern
yaklasimlardan biri de matematiksel modellemedir. Buna paralel olarak uluslararasi ve ulusal
alanlarda matematiksel modellemenin tim egitim kademelerinde kullanimi ve 06nemi
artmaktadir (Czocher, 2017; Cakmak Giirel & Bekdemir, 2022; Greefrath & Vorholter, 2016
Schleicher, 2007). Bu baglamda, matematiksel modellemenin Tirkiye, Amerika ve Almanya gibi
bircok tlkenin ulusal mifredatlarina ulusal bir beceri veya yetkinlik olarak eklenmis olmasi dikkat

cekmektedir (Blomhgj & Kjeldsen, 2006; Milli Egitim Bakanligi, 2013).

Matematiksel modelleme becerilerini gelistirme istegi, bu tiir modern matematik
uygulamalarinin sundugu cesitli avantajlardan kaynaklanmaktadir (Sokolowski, 2015). Birinci
olarak modelleme becerileri, farkli yasam alanlariyla farkl disiplinleri (STEM) birlestirmeyi
kolaylastirmaktadir. ikinci olarak matematiksel modelleme yalnizca matematik &grenimini
ivilestirmeye yardimci olmakla kalmaz, ayni zamanda 6grencilere matematiksel disiinme
becerilerini gelistirme, daha etkili problem ¢6zme yetenekleri kazanma ve matematige olumlu
bir tutum gelistirme firsati sunar (Blum & Borromeo Ferri, 2009; Manouchehri ve digerleri,

2020).

Matematiksel modellemenin bu vyararlarina ragmen alan arastirmalari sinif
uygulamalarinin gerceklestirilmesi matematiksel modelleme dogasinin karisik olmasindan dolayi
beklenildigi kadar kolay olmadigini gbstermektedir. Clnkii matematiksel modelleme siireci;
anlama, basitlestirme, kabullerde bulunabilme, matematiksellestirme, matematiksel olarak
calisabilme, matematiksel sonuglari yorumlama, gercek sonuglara ulasabilme, bu gercek
sonuglari yorumlayabilme, sunma ve tartisma yapabilme gibi bircok becerilerle baglantilidir
(Solar ve digerleri, 2022). Bu Matematiksel modelleme uygulamalarinin etkinligini artirmak igin,
slreclerinin detayl bir sekilde incelenmesi biliylik Gnem tasir. Buna goére oncelikle matematiksel

modelleme siirecinin baslangic ve temeli olan 6grencilerin Matematiksel Modelleme
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slreclerinde hangi varsayimlari kabul ettikleri, hangi matematiksel kavramlari, sembolleri,
kuramlari, islemleri ve genellemeleri kullandiklari ve nedenlerinin ortaya konulmasi 6nemlidir.
Bu durumun 6zellikle bu konudaki ¢alismalarin sinirli oldugu ve birgok kavram ve genellemelerin
ilk defa 6grenildigi ortaokul diizeyinde yapilmasi matematiksel modellemenin sinif uygulamalari

etkinligine katki saglayacagi diisiinilmektedir (Cakmak Glirel & Bekdemir, 2022).

Bu calismada altinct sinif 6grencilerinin  matematiksel modelleme siireglerinde
kullandiklari sembollerin, islemlerin, kurallarin ve genellemelerin ve bunlarin tercih nedenlerinin

ortaya konulmasi amaglanmistir. Bu amagla asagidaki iki alt probleme cevap aranmistir.

1. Matematiksel modelleme sireclerinde 6grencilerin kullandiklari sembol, islem,

kavram, kural ve genellemeler nelerdir?

2. Matematiksel modelleme sireclerinde 6grencilerin kullandiklari sembol, islem,

kavram, kural ve genellemeleri tercih etme nedenleri nelerdir?
1.1. Alanyazin Ozeti

Alanyazinda matematiksel modellemenin bir siire¢ olarak ve matematiksel modelin ise
bir Grin olarak gorildigi konusunda genel bir fikir birligi vardir (Anhalt & Cortez, 2016). Yine de

bu kavramlar alanyazinda detayh ve farkli olarak tanimlanmiglardir.

Matematiksel model; Cobb ve digerleri (2003) tarafindan bilinmeyen bir sistemi daha
once bilinen veya tanidik bir sistemle benzesim olusturma ¢abasi olarak tanimlanirken, Lesh ve
Doerr (2003) tarafindan da 6grencilerin kavramsal sistemlerine ek olarak bu sistemlerin dissal
sembolik gdsterimlerini (6rnegin, Ogrencilerin fikirleri, temsilleri, kurallari ve materyalleri)
iceren bir yapi olarak tanimlanmistir. Bu nedenle model gergek yasam durumlarinin timiini
degil sadece bazi yonlerini temsil eden bir ara¢ olarak diistiniilebilir (Greefrath & Vorholter,
2016). Buradan hareketle matematiksel model ise gercek diinyayl matematiksel ifadelerle temsil
eden bir ara¢ olarak tanimlanabilir (Manouchehri ve digerleri, 2020). Benzer sekilde Pollak
(2003) tarafindan matematiksel model gercek dinyadaki durumun idealize edilmis
matematiksel bir temsili olarak tanimlanmis ve bu temsilin matematiksel bir formile
donlsturidlmesini icerdigi ifade edilmistir. Bu tanimlarin ortak 6zelligi, bir olay! veya gercek
diinyadaki bir durumu anlamlandirmak icin matematiksel bir temsilin kullanilmasina
odaklanmaktir (Stillman ve digerleri, 2020; Tropper ve digerleri, 2015; Vorhdlter ve digerleri,

2019).
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Matematiksel modelleme ise, alanyazinda yaygin olarak, gercek yasam durumlarini veya
sorunlari matematiksel temsile dénustlrildiga, temsili bir sistem icinde ¢ozildUgi ve ¢ozlimleri
tekrar gercek yasam icinde test edildigi dongilisel bir sireg olarak ifade edilmektedir (Czocher,
2017;). Pollak (2003) tarafindan matematiksel modelleme yaratma, uygulama, dizenleme ve
dogrulama siireci olarak tanimlanir. Blum ve LeiR (2007) tarafindan "Gercek Durum," "Durum
Modeli," "Gercek Model," "Matematiksel Model," "Matematiksel Sonuclar" ve "Gergek
Sonuglar." Seklinde alti basamakta tanimlanmigtir. Bu siireg, verilen gergek yasam durumuyla
ilgili degiskenleri, iliskileri veya tahminleri tanimlamayi, matematiksellestirme yapmayi,
matematiksel sonuclari gercek diinya durumunda yorumlamayi ve dogrulamayi icerir (Anhalt &

Cortez, 2016; Aydin & Derin, 2020; Cakmak Girel & Bekdemir, 2022).

Bu surecte modelleyici, durumu/problemi anlama amaciyla ¢alisir ve bu ¢aba bir durum
modelinin olusturulmasina yol acar. Durumu basitlestirme ve yapilandirma asamasinda
modelleyici kosullari ve degiskenleri tanimlama, aciklama veya belirtme ve durumla ilgili kendi
alt problemlerini ifade eder. Matematiksel modelin olusturulmasinda, basitlestirilen durumu
ilgili matematiksel araclari veya gosterimleri kullanarak temsil eder. Daha sonra matematiksel
analiz yaparak, matematiksel sonuclari yorumlayarak gercek sonuclara ulasma amaci gilider. Bu
matematiksel modeller daha sonra modelleyici tarafindan durum modeli ile karsilagtirarak
kontrol edilir ve dogrulanir. Eger elde edilen sonuglar yeterli veya dogru degilse, yeni bir
dongusel ¢alisma baslatilarak model revizyonu yapilir. Son olarak modelleyici, elde ettigi son
modeli arkadaslariyla paylasir (Czocher, 2018). Matematiksel modelleme siireci uygulamada
buradaki anlatildigi kadar basit degildir. Alanyazin incelendiginde 6grenci ve 6gretmen agisindan
oldukga karmasik bir stirectir ve bu slirecin 6grenilmesi ve 6gretilmesi birgcok zorluk icermektedir

(Durandt & Lautenbach, 2020; Tropper ve digerleri, 2015).

Buna paralel olarak ulusal ve uluslararasi alanyazinda matematiksel modelleme siireg
dongusii Gzerindeki 6grencilerin bilissel davranislari ve yetkinlikleri ve 6gretmenlerin bu sirecte
bunlari nasil rehberlik yapacagi ile ilgili birgok calisma yapiimistir (Blum & Borromeo Ferri, 2009;

Cakmak Giirel, 2018; NCTM, 2014).

Yapilan arastirmalar, 06grencilerin ve 06gretmenlerin matematiksel modelleme
donglstiniin adimlarinda eksiklikler ve zorluklar yasadiklarini géstermektedir (Abel ve digerleri,
2020; Biccard, 2024; Frejd & Vos, 2024). Ogrenciler varsayimlar ifade etmede, modellemeyi

ginlik yasamla iliskilendirmede, bir matematiksel modeli ortaya ¢ikarmada, matematiksel
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sonuglari yorumlama veya dogrulamada ve modeli gercek hayatta test etme ile ilgili zorluklar

yasamaktadir (Gurbiz & Calik, 2021; Maass, 2006; Rosa & Orey, 2015; Widjaja, 2013).

Ogretmenlerin bazilari ise matematiksel modelin gercek hayat senaryolarinin
matematiksel temsili oldugunu distiinmedikleri veya yanlis bir sekilde matematiksel modelin
kiiplin G¢ boyutlu gosterimi gibi fiziksel bir model olduguna inanmaktadirlar (Stillman ve
digerleri, 2017). Ayrica, matematiksel modelin, gercek diinya durumunun matematiksel bir
temsili oldugu fikrini anlamada zorluk yasayan 6gretmenler de bulunmaktadir (Carreira &

Baioa,2018; Geiger & Frejd, 2015;).

Ogrencilerin yasadiklari bu zorluklara ragmen bu konuda yapilan arastirmalar tim egitim
seviyelerinde matematiksel modelleme uygulamalarinin 6grencilerin yorumlama ve distinme
yeteneklerini artirdigl, ezberci egitimin olumsuz etkilerini azalttigini goéstermektedir. Ayni
zamanda 6grencilerin grupla calisma becerilerine katki sagladigl, okuma anlama ve kavrama
yeteneklerini artirdigi ve gercek yasamla matematik arasinda iliski kurmasini artirdigi ve
matematige karsi olumlu tutum gelistirmesine katkida bulundugunu ortaya koymaktadir (Kaiser,

2020; Niss ve digerleri, 2007).

Ogrencilere matematiksel modellemenin bircok alanda katkisinin olmasindan dolayi
yogun olarak Universite ve lise diizeyindeki 6grenciler Gzerine olan arastirmalar ortaokul ve
ilkokul seviyesine dogru inmeye baslanmistir (Manouchehri ve digerleri, 2020). Bu ylzden
Ozellikle Turkiye’de ilkdgretim diizeyinde 6grencilerin matematiksel modelleme sireglerindeki
her basamaktaki beceri ve yeterliklerinin ortaya konulmasi 6zellikle rehberlik yapacak olan
dgretmenler agisindan dnemlidir. Ozellikle ilkégretim égrencilerinin matematiksel modelleme
surecinde kullandiklari matematiksel semboller, islemler, kurallar ve genellemelerin neler
oldugunun ve bunlar nicin tercih ettiklerini ortaya konulmasi énemlidir (Cirillo ve digerleri,

2016).
2. Yontem

Arastirmanin odak noktasi, ortaokul 6grencilerinin Urettikleri matematiksel modellerin
iceriginin belirlenmesi ve bu slirecte matematik bilgi ve becerilerinin degerlendirilmesi
oldugundan arastirmada Ogretim Deneyi (Teaching Experiment) yéntemi kullanilmistir. Bu
yontem ogrencilerin matematiksel 6grenme ve mantiksal diisinme yeteneklerini birinci elden
anlamak igin kullanilan bir 6gretim ve arastirma yontemi olarak kabul edilir. Stirecte 6grencilerin
degisim ve gelisimlerini kiglk bilesenler halinde inceleyerek arastirmacilara 6grencilerin

matematiksel 6grenme deneyimlerini dogrudan gézlemleme ve tecriibe etme firsati sunar. Bu
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yontemin matematik egitimi alaninda 6grencilerin gelisimini daha derinlemesine anlamak ve
o0gretim yontemlerini gelistirmek amaciyla kullanildigi séylenebilir (Steffe & Olive, 2010; Steffe

& Thompson, 2000).

Bu arastirmada da 6grencilerin bilgi ve yeteneklerini farkli matematiksel modelleme
etkinlikleri slireclerinde dogrudan gozlemlemek ve ortaya koymak oldugundan bu yontem tercih
edilmistir. Ortaokul 6grencilerine, bir sehire ait 2013-2018 yillari arasindaki aylara gore ortalama
hava sicakliklarini gosteren ve 1980-2016 yillari arasindaki olimpiyat atletizm 100 m kadin-erkek
kosu sonuclarini gosteren tablolar verilmistir. Bu tablolari kullanarak sirasiyla bir sonraki
yapilacak olimpiyatlarda 100 m erkek ve kadin sporcular, kosu sirelerini ve tlkelerinin tahmin
edilmesi ve bir sonraki yilda aylara gore ortalama hava sicakliklarinin tahmin edilmesi istenmistir.
Bu matematiksel modelleme siireglerinde 6grencilerin kullandiklari sembol, islem, kavram, kural

ve genelleme yeteneklerini ortaya koymak amaclanmustir.

Matematiksel modelleme uygulama siireglerinde 6grenciler grup halinde calismislar ve
O0gretmen tarafindan 6grencilere direkt bilgi veriimemeye ve yonlendirme yapilmamaya
cahsilmistir. Bunun yerine gruptaki o6grenciler kendi ve arkadaslarinin bilgi ve deneyimleriyle
matematiksel modeller kullanarak tahminler olusturmuslardir. Olusturduklari matematiksel
model ve tahminleri tim sinif arkadaslarina sunmugslar ve siniftaki diger 6grenciler ile kendi
model ve tahminlerini tartismislardir. Boylece hem grup c¢alismalarinda hem de sinif
sunumlarinda 6grencilerin kullandiklari matematikse modelleme sireglerindeki kullandiklari
sembol, islem kavram kural ve genellemeleri birinci elden gézlemleme ve degerlendirme sansi

elde edilmistir.
2.1. Calisma Grubu

Arastirmanin katilimcilari, 2018-2019 egitim-6gretim yilinda Dogu Anadolu Bélgesi'nde
bulunan ve niifus agisindan blyk bir ilin merkeze yakin bir ilcesindeki bir ortaokulunda altinci
sinifinda egitim géren 22 (10'u kiz, 12'si) 6grenciden olusmaktadir. Ornekleme yéntemi olarak
kolay ulasilabilir 6rnekleme yontemi (Yildirim & Simsek, 2013) kullanilmistir. Clink{ arastirmaci
ve ayni zamanda uygulamaci olan 6gretmen gorev yaptigi kendi okulundaki olan bir altinci sinifi
tercih etmistir. Bu 6grencilerin tercih edilmesinin nedenlerinden bir tanesi de akademik
basarilarinin yiiksek olmasidir. Bu basarili 6grencilerin tercih edilme nedeni, 6zellikle ortaokul
seviyesinde matematiksel modelleme siireclerinde daha fazla ve net bir sekilde 6grencilerin
kullandiklari sembol, islem, kavram, kural ve genellemelerin ortaya ¢ikariimasidir. Ortaokullarda

matematiksel modelleme ve/ya grupla ¢alisma hemen hemen hig yapiimadigindan katilimcilarin
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matematiksel modelleme etkinligi ile ilgili calisma Oncesinde herhangi bir deneyimi

bulunmamaktadir.

Katilimci 6grencilerin matematiksel modelleme uygulamasi anina kadar 6grendikleri
konu ve semboller kisaca sdyle dzetlenebilir. Ogrenciler besinci sinifta dogal sayilar ve islemler,
kesirlerde toplama ve ¢ikarma islemi, ondalik gosterimler, temel geometrik kavramlar, licgen ve
dortgenler, uzunluk ve zaman o6lgcme, dikdortgenin alani, dikdortgen prizmasini tanir temel
elemanlarini belirler, veri toplamayi gerektiren arastirma sorusu olusturur, siklik ve stitlin grafigi
olusturur ve yorumlar seklinde konulari 6grenmislerdir. Altinci sinifta ise uygulamanin baslangig¢
ve bitis asamasina kadar dogal sayilarda doért islemler, carpanlar ve katlar (kat, bolen, asal say,
ortak bolen, ortak kat), kiimeler seklindeki konulari 6grenmislerdir. Ayrica +, =, x, +, %, //, AB,

[AB], |AB|, dm, dam, hm, cm?, m? gibi sembolleri 6grenmislerdir.
2.2. Veri Toplama

Bu calisma kapsaminda veriler 6grencilerin calisma kagitlari, video kayitlari ve bu

videolarin metin formatina dontstirilmesi yoluyla toplanmustir.

Bu arastirmanin uygulama asamasinda 6grencilerin sinif ici grup calismalari sonucunda
Urettigi 6grenci calisma kagitlari, dersin sonunda arastirmaci tarafindan 6grencilere isimleri
yazdirilarak toplanmis ve saklanmistir. Bu 6grenci ¢alisma kagitlari daha sonra ¢alismanin alt

problemlerine uygun olarak analiz edilmek igin kullaniimistir.

Ayrica bu sirecte grup calismalari ve olusturulan modellerin sinif i¢i paylagimlarinin
video kayitlari alinmis ve sonra da bu video kayitlari yazili metin haline getirilmistir. Bu yazili
metinlerin dogrulugu videolarla birka¢ kez dinlenerek teyit edilmistir. Bu siiregcte metinlerde
gurultiden anlasilmayan birkag kelime duzeltilmistir. Bu yazili metinlerde 6grenci calisma

kagitlariyla beraber analiz edilmistir.
2.3. Verilerin Analizi

Ogrencilerin ¢alisma kagitlarinda ve videolarin ¢éziimlerinden elde edilen veriler igerik
analizine tabi tutulmustur. icerik analizinin temel amaci, toplanan verileri aciklayici kavramlar
veya iliskiler cercevesinde sistematik bir sekilde incelemektir. Bu amag dogrultusunda, 6ncelikle
verilerdeki kelime veya cliimleye uygun kodlar atanir. Bu kodlar daha sonra kavramsal olarak
siniflandirilarak temalar olusturulur. Son olarak, benzer verilerdeki benzer kodlar ayni temalar
altinda toplanarak okuyucunun anlayacagi sekilde sistematik olarak yorumlanir (Yildinm &

Simsek, 2013).
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Alt problemlere paralel olarak, 6grencilerin modelleme siirecinde kullandiklari
matematiksel semboller, islemler, kavramlar, kurallar ve genellemelerin tespiti amaciyla veriler,
calisma kagitlari ve video kayitlarindan elde edildikten sonra analiz edilmistir. Analiz agamasinda,
ilk olarak 6grencilerin matematiksel sembollerini veya kendi yarattiklari semboller, sekiller veya
ifadeleri kod olarak donustiriilmis ve bu kodlar daha sonra "Semboller" temasi altinda
gruplanmistir.  Ayni sekilde, 0©grencilerin matematiksel islemleri kullanmalari ve kendi
dislincelerine uygun bir sekilde gerceklestirmeleri durumunda her bir islem kodlanmis bu kodlar

daha sonra "islemler" tema basligi altinda birlestirilmistir.

Ogrencilerin olusturduklari modeli etkileyebilecek “Matematiksel Kavramlar ve Kurallar"
temasl altinda ya da matematiksel olarak ifade edilmeyen tiim degiskenler, kavramlar veya
kurallar da kodlama stirecine dahil edilmis ve bu 6geler "Matematiksel Olmayan Kavramlar ve

Kurallar" tema basligi altinda Tablo 1 de gosterildigi gibi gruplandiriimistir.

Kodlar olusturulurken 6ncelikle o sinif dizeyindeki matematik 6gretim programinda
veya kitaplarda yer alan sembol, islem ve kurallar izerine odaklanmistir. Fakat verilerde ortaya
¢ikan o sinif diizeyinde olmayan fakat 6grenciler tarafindan kullanilan sembol, islem ve kurallarin
da dikkate alinmasina karar verilmistir. Ornegin, bazi 6grenciler aritmetik ortalama icin "AQ"
kisaltmasini kullandigi gortlmustir. Aritmetik ortalama ve AO kisaltmasi bu sinif dizeyinin
Uzerinde olmasina ragmen 6grenciler dogru bir sekilde kullandiklari tespit edilmistir. Son olarak
da semboller kategorisinde matematikle direkt ilgisi olmayan gosterimlerin de dahil edilmesine

karar verilmistir.

Gegerliligi ve glivenilirligi saglamak amaciyla arastirmaci tarafindan ortaya konulan kod
ve temalar bir matematik egitimi alanini uzmani tarafindan incelenmis ve arastirmaciyla bu kod
ve temalar lzerinde gorus birligine varmislardir. Daha sonra arastirmaci elde edilen verileri bu
kod ve temalar dikkate alarak verileri tekrar gbzden gecirerek tablolastirmistir. Ayrica
matematik egitimi uzmani da bu kod ve temalari dikkate alarak 6grencilerin calisma kagitlarini
yeniden incelemis ve tablo olusturmustur. Kodlayicilar arasindaki glivenirligi degerlendirmek igin
arastirmaci ve matematik egitimi uzmaninin sonuglari karsilastirildiginda, % 87'lik bir 6rtiisme
orani tespit edilmistir. Bu oran, toplam kategori sayisina oranlanarak hesaplanmistir (1 - [5 farkl
kod / 41 toplam kategori]). Miles & Huberman (1994) tarafindan énerilen % 70'in tzerindeki
kabul edilebilir eslesme sinirini asmaktadir, bu da kodlayicilar arasindaki givenirligin yeterli

oldugunu gostermektedir.
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Arastirmanin “matematiksel modelleme siireclerinde 6grencilerin kullandiklari sembol,
islem, kavram, kural ve genellemeleri tercih etme nedenleri nelerdir?” seklindeki ikinci alt
problem icin calisma grubundan elde edilen ¢alisma kagitlari ve calisma grubunun yapmis oldugu
sinif tartisma video dokimleri ve ortaokul matematik 6gretim programi birinci alt problemde

olusturulan temalara gore betimsel analize tabii tutulmustur.
2.4. Galismanin Uygulanmasi

Matematiksel modelleme etkinliklerine baslamadan 6nce 6grencilerin dikkatini cekme
ve ortam ve arkadaslarina alismalari (Lesh & Doerr, 2003) igin “Isinma Problemleri” yapilmistir.

Ornegin birinci modelleme etkinliginden énce Isinma Problemi su sekildedir:

O

12 36 80 150 ?
Yukaridaki ifadeye gore 6. adimda ‘?’ yerine hangi sayinin gelmesi dogru olacaktir?

Bu problem, 6grencilere bireysel olarak veya grup halinde distinmeleri ve cevap
vermeleri icin sorulmustur. Ogrenciler, problemin (izerine diisiinerek cesitli ¢cdziim dnerileri
sunmuglardir. Sunulan ¢6ziimlerden bazilarina sinif igerisinde itirazlar olmus, bu itirazlar
tartisilarak ortak karara varmislardir. Isinma Problemlerinden sonra matematiksel modelleme

uygulamalarina gegilmistir.

Matematiksel modelleme uygulamasi icin daha dnceden de bahsedildigi gibi iki farkl
matematiksel modelleme uygulamasi secilmistir. ilk uygulama hava sicakligini tahmin etme
uygulamasidir. Bu uygulamada kullanilan tabloda uygulamanin yapildigi sehrin 2013-2018
yillarina ait aylik hava sicaklik ortalamalari verilmistir. Bu tabloyu kullanarak gelecek yildaki o
sehrin aylara gore ortalama sicakliklarini tahmin edilmesi istenmistir. Bu uygulama,
matematiksel modelleme ile ilgili daha Onceden hi¢ uygulama yapmayan Ogrencilerin
matematiksel modelleme uygulamasini deneyimlemesi amaglanmistir. Bu uygulamada veri elde
etmenin yanindan 0Ogrencilerin matematiksel modelleme sireglerini de deneyimlemesi

amaglanmistir.

ikinci matematiksel modelleme uygulamasinda 6grencilere, 1980-2016 yillari arasindaki
olimpiyat atletizm 100 m kadin ve erkek kosu sonuglari tablosu verilmis ve bunu kullanarak bir

sonraki olimpiyatlarda dereceye girecek 100 m erkek ve kadin sporculari, kosu siirelerini ve
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Ulkelerini tahmin etmeleri istenmistir. Bu uygulama siirecinde 6grencilere olimpiyat kosu
yarislari ve sonuglariyla ilgili internet ve diger kaynaklardan arastirma yapma ve gecmis
olimpiyatlardaki erkek ve kadin 100 m kosu yariglarinin videolarini izleme firsati verilmistir. Bu
sirecte Ogrenciler atletizm, olimpiyat ve olimpiyat yarislari ile ilgili bazi yeni kavramlari
gozlemleme ve ogrenme sansi elde etmislerdir. Ornegin, 6grenciler videolar: izlerken
kosucularin viicut hareketlerine (kafasini yere egmesi, kafasini dik tutmasi, kollarini agmasi,
adimlarini atmasi gibi) konularda yorumlar yapmislardir. Videolar izlendikten sonra 6grencilerin
kendi isteklerine gore 4-5 kisilik gruplara ayrilmislardir. Her bir gruba son 10 olimpiyat
yarislarinin 100 m Kadin ve Erkek kosularinda ilk ¢ dereceye giren sporculari, skorlarini ve
Ulkelerini gosteren tablo verilmistir. Her bir gruptan bu tablodaki skor ve tlkeleri inceleyerek
gelecek bir sonraki olimpiyat igin skor ve iilke tahmini yapmalari istenmistir. Ogrenciler bu
tablolari oncelikle incelemisler, skor ve Ulkelerin lzerinde g¢alismalar yapmislardir. Bu siirecte
ogrenciler ortaya koyduklari fikirleri de diger arkadaslarini ikna etme c¢abasi iginde
bulunmuslardir. Her bir grup matematiksel modellerini yaptiklari matematiksel islemleri, elde
ettikleri matematiksel sonuclari ve eger varsa genellemeleri Urettikleri ¢calisma kagitlarina
aktarmislardir. Gruplar calismalarini bitirdikten sonra her grup ¢alisma sonuglarini diger
arkadaslarina sunmuslardir. Bu sunum sirasinda diger 6grenciler sunu yapan gruba sorular
sormus sonu¢ veya modeller Uzerine tartismalar yapmislardir. Tim gruplar sunumlarini

yaptiktan sonra uygulama bitmistir. Bu uygulama sireci (i¢ hafta toplam 12 ders saati slirmustdr.

Calismada 6gretmen hem uygulayici hem de sinifin matematik 6gretmenidir. Uygulama
surecinde 6gretmen 6grencilere direkt bilgi vermekten kaginmis, sadece 6grencilerin bulduklari
sonu¢ veya modeller hakkinda neden, nigin tarzinda sorgulama gelistirmeye yonelik sorular
sormustur. Bu iki “Hava Durumu” ve “Olimpiyat Sonuglar1” uygulamalarinda kullanilan tablolar
arastirict tarafindan gercek verilerden olusturulmustur. Arastirmaci tarafindan hazirlanan
uygulamamda kullanilacak bu tablolar ve verileri matematik egitimi ve matematiksel modelleme
deneyimi olan alan uzmani tarafindan incelenmis olimpiyat sonuclari tablosun sadece birinci
olan kosucunun degil ikinci ve lg¢lincl olan kosucularinin da bilgilerinin eklenmesi 6nerilmistir.

Bu Onerilere gore tablo yeniden diizenlenmistir.
3. Bulgular

Arastirmanin “Modelleme sirecinde verilen matematiksel modelleme durumu veya
problemleri matematiksellestirirken hangi matematiksel sembol, islem, kavram, kural ve

genellemeleri Kullanmislardir?” seklindeki birinci alt problem igin ¢alisma grubundan elde edilen
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¢alisma kagitlari ve ¢alisma grubunun yapmis oldugu sinif tartisma video dékiimanlarinin icerik
analizi ile birinci ve ikinci matematiksel modelleme uygulamalarina gore ayri ayri analiz
edilmistir. Analiz sonucundan birinci ve ikinci uygulamadan elde edilen “Semboller”, “islemler”,
“Kavramlar ve Kurallar” in tema, kod, frekans ve ylzdelikleri sirasiyla Tablol ve Tablo 2’ de

gosterilmistir.

Tablo 1

Birinci matematiksel modelleme uygulamasindaki sembollerin, islemlerin, kavram ve kurallarin
tema, kod, frekans ve yiizdelikleri

Tema Kod Frekans %
A.O 2 15

= 4 30

/ 2 15

Sembol N 5 15
- 3 25
Toplam 100

Toplama 3 30

Cikarma 1 10

ic! Aritmetik Ortalama 2 20
Islem Ondalikli ifadelerde toplama 1 10
Ondalikli ifadelerde bélme 3 30
Toplam 100
Matematiksel Olmayan Kavram ve Kural Kiresel isinma 1 100
Toplam 100

Oriinti 1 50

Matematiksel olan Kavram ve Kural Aritmetik ortalama 1 50
Toplam 100

Tablo 1’e gore birinci matematiksel modelleme uygulamasinda, arastirmanin 6grencileri,
farkh bes semboli (toplamda 13 kez), bes farkh islemi (10 kez) ve dort ayri kavrami veya kurali
kullanmistir. Matematiksel olmayan kavram kuralda kiresel i1sinma bir kez kullanilmistir. Bu
duruma o6rnek bir grup 6grencinin “Kiiresel isinmanin etkisi ile yillar gegtikge sicaklik degerleri

artacaktir...” seklindeki ifadesidir.

Tablo 2

Ikinci matematiksel modelleme uygulamasindaki sembollerin, islemlerin, kavram ve kurallarin
tema, kod, frekans ve yiizdelikleri

Tema Kod Frekans %
= 4 25

AO 2 13

Sembol / 4 25
4 25

- 2 12

Toplam 100
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Toplama 2 22
Tam sayilarda toplama islemi 1 12
. Aritmetik Ortalama 2 22
Islem Ondalik ifadelerde toplama 2 22
Ondalik ifadelerde bolme 2 22
Toplam 100
Diinya rekoru 1 7
Yorgunluk 1 7
Ceza (Etik) 1 7
Ruzgar 1 7
Matematiksel Olmayan Kavram ve Kurallar Teknoloji 1 7
Geng- Yagl 4 29
Surtinme 1 7
Deneyim/ Tecriibe 4 29
Toplam 100
Derecelendirme ve siralama 4 13
Oriuinti 4 13
Aritmetik Ortalama 5 17
Yas 4 13
Frekans 2 8
) Buyuklik 1 3
Matematiksel Olan Kavram ve kurallar Kiicukliik 1 3
Kere/ Kez 1 3
Artan-Azalan 2 8
Olasilik 1 3
En az- En ¢ok 1 3
Gruplandirma 4 13
Toplam 100

Tablo 2’ ye gore ikinci matematiksel modelleme uygulamasinda ise 6grenciler, bes farkli
semboli (toplamda 16 kez), bes farkh islemi (9 kez) ve alti matematiksel olmayan kavrami veya
kurali (44 kez) kullanmistir. Her iki uygulama sirecinde, 6grenciler genelleme yapmamistr.
Sembol temasini incelendiginde, 6grenciler genellikle daha 6nce 6grendikleri sembolleri (+, -, /
vb.) kullanmislardir. Tek istisna olarak, aritmetik ortalama ifadesi yerine ‘AQ’ semboliinin

kullanilmasidir.

islem temasinda ise 6grencilerin biiyiik cogunlugu daha &nceden 6grendigi toplama
islemi, ¢cikarma islemi ve carpma islemleri gibi kullanmistir. Bu islemleri yaparlarken bazi
durumlarda kendi stratejilerini gelistirmislerdir. Ornegin, Sekill’de ondalik ifadelerde toplama
islemi yaparlarken, ondalikli ifadeleri Ugerli gruplara ayirmislar ve her bir gruptaki ondalik
ifadeleri kendi i¢lerinde toplamislar daha sonra da bu Ugerli ondalik toplamlarin toplami olarak

hesaplamislardir.
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Bu verilerden matematiksel modelleme uygulamalarinda 6grenciler 6grendikleri sembol
ve islemleri dogru bir sekilde kullandiklari ve hatta bu siirecte farkli ve yeni sembol ve islemlerde

kendi stratejilerini gelistirip kullandiklari séylenilebilir.

P S |
1o, V- 1 ="
o, 2

<, 9=
l ’, ‘(2_3;9? =
o>, <9<

<, & 2
o, < << )=\ =2
'O 3 -y = o 2
I ) \,LO & 1_3 AZTC.T)
DD &S 2

Sekil 1. Ogrencilerin islem tema altinda kullandiklari ifadeler

Matematiksel kavram ve kurallar temasinda 6nemli li¢ temel durum ortaya ¢ikmaktadir.
ilk olarak, 6grenciler tarafindan kullanilan matematiksel modellerin sonuclarini etkileyebilecek
ve matematikle dogrudan iliskili olmayan ancak diger derslerle iliskilendirilebilen sirtinme
kuvveti, rlzgar kavrami, dinya rekoru ve tecriibe gibi degiskenlerin kullaniimasi dikkat
cekmektedir. Bu duruma 6rnek "Ayrica hocam, yarismacilar kosu bitirme ¢izgisine gelene kadar
kafalarini yukari kaldirarak kosuyorlar ki hizli gidebilsinler. Cizgiyi ge¢tikten sonra da kafalarini
indiriyorlar, bu da siirtiinmeden dolayi yavaslamalarina neden oluyor." seklindeki sinif igi

tartismasinda bir grup 6grencinin séyledigi ifadedir.

ikinci olarak 6grenciler genellikle dnceden 6grendigi ve ortaokul matematik dersi
O0gretim programindan edindikleri matematiksel kavram ve kurallari kullanmaktir. Bu duruma

ornek olarak ondalikli ifadelerde bélme islemi, toplama islemi, ¢carpma islemi gibi konular

basariyla kullanmislardir. Sekil 2 deki 6grencilerin yazdiklari bu duruma 6rnektir.

\

9 8= 0

Sekil 2. Ogrencilerin islem tema altinda kullandiklari ifadeler

Ugiincii olarak &grencilerin bulundugu sinif diizeyinin lzerindeki kavram ve kurallari
kullanmalaridir. Ozellikle negatif tam sayilar, aritmetik ortalama ve olasilik gibi konulari basariyla

kullanmislardir. Bu duruma Sekil 3’ deki 6grencilerin yazdiklari 6rnektir.
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Sekil 3. Ogrencilerin islem tema altinda kullandiklari ifadeler

Bu verilerden matematiksel modelleme uygulamalarinda 6grenciler matematik disinda
ve matematik dersinde 6grendikleri kavram ve kurallari dogru bir sekilde kullandiklari ve hatta

bu sirecte ileri diizeydeki kavram ve kurallari kullandiklari ifade edilebilir.

Tablo 1 ve tablo 2 beraber incelendiginde 6grenciler ikinci matematiksel modelleme
uygulamasi olan diinya atletizm 100 m erkek ve kadinlar yarismalarinin etkinliginde islemler
temasinda ve Ozellikle de kural ve kavramlar temasinda daha fazla ve farklh kodlar kullandiklari

gorilmektedir.

Arastirmanin “matematiksel modelleme sireglerinde 6grencilerin kullandiklari sembol,
islem, kavram, kural ve genellemeleri tercih etme nedenleri nelerdir?” seklindeki ikinci alt

problemi icin betimsel analize tabii tutulmustur.

“Semboller” temasinda yer alan +, -, /, . gibi semboller ortaokul matematik 6gretim
programinda bu sinif diizeyinde dort islem olarak yer almaktadir. Fakat kullanilan AO semboli bu
sinif dizeyi icin ortaokul matematik O6gretim programinda daha sonraki zamanlarda yer
almaktadir. Diger taraftan 6grencilerle yapilan gérismede 6grenciler + ve — isaretlerini bazen
islem bazen de sicaklk gostergesi olarak kullandiklarini ifade etmislerdir. AO semboliiniin ise
“ortalama” olarak kullandiklarini ifade etmis, semboliin kullanimina ise hazirbulunusluklarindan

ve ders kitaplarini incelemelerinden kaynakli oldugunu ifade etmislerdir.

“Islem” temasinda yer alan toplama, ¢ikarma, carpma ve bélme gibi islemler ortaokul
matematik 6gretim programinda bu sinif diizeyinde pozitif tam sayilara kadar yer almaktadir.
Fakat negatif tam sayilarla dort islem ve aritmetik ortalama bulma islemi igin bu sinif diizeyi igin
ortaokul matematik 6gretim programinda daha sonraki sinif diizeyi veya zamanlarda yer
almaktadir. Diger taraftan 6grencilerle yapilan goriismelerde daha 6nce 6grenmedikleri negatif
sayllarla islemlerde negatif sayilari kendi icinde gruplandirarak topladigini ifade etmislerdir.
Benzer olarak da pozitif tam sayilar kendi icinde gruplandirma yaparak toplamislardir. Bu
toplamlardan yola ¢ikarak negatif ve pozitif sayilardan hangisinin degeri (mutlak deger) yiksek

ise sicakligin isaretinin o olacagini ifade etmislerdir.
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“Matematiksel olmayan kavram ve kurallar” temasinda yer alan kiresel 1sinma ifadesini
kullanma nedenini ise buzullarin erimesi, Diinya'nin sera etkisi altinda olmasi, kutup ayilarinin
yasam alanlarinin azalmasi ve sicakliklarin mevsim normallerinin (izerinde seyretmesi gibi
belirtilerin kiiresel isinmanin varligini gésterdigini belirmis ayrica bu durumun hava kirliligine de

neden oldugunu ifade etmislerdir. Sekil 4’ deki 6grencilerin yazdiklari bu duruma 6rnektir.

F

Sekil 4. Ogrencilerin matematiksel olmayan kavram ve kurallar tema altinda

kullandiklari ifadeler

“Matematiksel olan kavram ve kurallar” temasinda Oriinti ve Aritmetik ortalama
kavramini kullanma sebepleri soruldugunda ise 6grencilerin ortalama minimum sogukluk gittikce
artmis ve genel sicaklik ortalamasi da gittikge artmis dolayisiyla burada bir 6riintii vardir. Burada
oruntiiniin kullanimini yillara gére ayni diizende olmasa da bir artisin veya azalisindan kaynakli
oldugundan 6rinti kavramini kullandiklarini ifade edebilir. Aritmetik ortalamayi ise 6grencilerin
genelde ortalama seklinde ele adliklari ifade edebiliriz. Bu duruma ait 6grenci ifadesi ise
“Aritmetik ortalamayi kullanan bir diger grup ise 2013 yilindan 2018 yilina kadar ortalama
sicakliklarini bulup daha sonra bu durumu 6 ya bélecegiz” seklindedir. ikinci matematiksel

modelleme uygulamasi;

“Semboller” temasinda yer alan +, -, /, . gibi semboller ortaokul matematik 6gretim
programinda bu sinif diizeyinde dort islem olarak yer almaktadir. Fakat kullanilan AO semboli bu
sinif dlizeyi icin ortaokul matematik 6gretim programinda daha sonraki zamanlarda yer
almaktadir. Diger taraftan 6grencilerle yapilan goriismede 6grenciler + ve — isaretlerini islem
olarak kullandiklarini ifade etmislerdir. AO sembolilinii ise “ortalama” olarak kullandiklarini ifade

etmislerdir.

“Islem” temasinda yer alan tam sayilarla toplama islemi, aritmetik ortalama, ondalikli
ifadelerde toplama ve bdlme islemi matematik 6gretim programinda bu sinif diizeyinde yer

almaktadir. Fakat aritmetik ortalama bulma islemi bu sinif diizeyi icin sonraki zamanlarda yer
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almaktadir. Ogrencilerle yapilan gériismelerde aritmetik ortalamayi bulma islemlerini islemleri

ogrenmediklerinden aritmetik ortalamaya sadece “ortalama” dediklerini ifade etmislerdir.

“Matematiksel olmayan kavram ve kurallar” temasinda yer alan yorgunluk, ceza, riizgar,
teknoloji, geng¢-yash gibi giinlik hayat veya diger dersler ile ilgili kavramlari degisken veya

varsayim olarak kullanmiglardir. Bu kavramlara 6grencilerin 6rnek ifadeleri;

“Kural olarak kadinlarin 100 m atletizm yarisinda en ¢ok Jamaika derece aldigindan bir
sonraki olimpiyati da Jamaika alacaktir. Jamaika’nin bu sporda kendini gelistirdigini ve tecriibe

olarak diger lilkelere gére daha fazla tecriibeli bu sebepten Jamaika kazanacaktir.”

“Ayrica atletlerde sunu fark ettik kosu yaparken kafalari yukari bakiyor sivri olsunlar
daha iyi kosu yapabilsinler diye, sonra yarisi bitis ¢izgisine gelince kafalarini yere egiyorlar

yavaslasin diye. Bu durum da siirtiinmeden dolayi” seklindedir.

“Matematiksel olan kavram ve kurallar” temasinda 6rintd, kere- kez, yas, frekans,
blylklik- kiglklik, artan- azalan gibi kavramlari kullanma sebepleri soruldugunda ise
ogrencilerin daha ¢ok matematik 6gretim programlari ile iliskilendirdigi icin bu kavramlar

kullandiklari ifade etmislerdir.

“Oriintiiniin kullanimini yillara gére ayni diizende olmasa da bir artisin veya azalisindan
kaynakli oldugundan ériintii kavramini kullandiklari, olasilik (ihtimal) kavrami ise Erkek 100
atletizm yarisinda ABD’nin kazanma ihtimali daha ¢ok fazla” seklindeki 6grenci ifadesi bu
duruma o6rnektir. Ogrenciler bu sonuca Sekil 5 de gorildigi gibi hazirladiklan &riintiiyle
ulagmislardir.
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Sekil 5. Ogrencilerin olusturduklari olimpiyatlari kazanan iilke ve kazanma sayisi ile ilgili ériintii

tablosu

Sekil 5 de oOgrenciler Ulkelerin isimlerini ve kaz kez bu lkelerin olimpiyatlari
kazandiklarini bir ériintii seklinde yazmislardir. Ogrenciler bu ériintiiye bakarak 9 kez kazanan

ABD’nin tekrar kazanma ihtimalinin diger llkelere goére daha fazla oldugunu tahmin etmislerdir.
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4. Sonug, Tartisma ve Oneriler

Bu calismada temel olarak altinci sinif 6grencilerinin matematiksel modelleme
sureglerinde kullandiklari sembollerin, islemlerin ve kurallarin ortaya ¢ikarilmasi amaglanmigtir.
Bu amac¢ dogrultusunda semboller temasi acisindan iki sonuc¢ elde edilmistir. Birinci sonug,
matematiksel modelleme sireci boyunca 6grencilerin daha dnce 6grendikleri sembolleri dogru
bir sekilde kullanmis olmalaridir. Ogrencilerin bu sembollerden zellikle +, / ve = sembollerini
daha fazla kullandiklari sonucuna ulasiimistir. Bunun nedeni bu sembollerin altinci sinif diizeyine
kadar yogun bir sekilde 6gretim programinda yer almasi ve bu ¢alismada kullanilan matematiksel
modelleme durumunun bu sembollerle iliskili olmasindan kaynakh olabilir. Bu sonug, Akgiin ve
digerleri (2013) calismalarinda ortaya koyduklari 6grenciler daha 6nce 6grendikleri sembolleri
daha ¢ok kullandiklari sonucuyla értiismektedir. ikinci sonug, az da olsa formal olarak daha énce
o6grenmedikleri AO seklindeki kisaltma/semboli kullanmis olmalaridir. Bu sonug Cheng’in (2001)
ve Olkun ve Ugar'in (2007) belirttikleri gibi matematiksel modelleme uygulamalarinin daha
onceden o6grendikleri sembolleri dogru bir sekilde kullanma ve yeni sembolleri kesfetmede
ogrencilere katkida bulundugu sonucuyla ortlismektedir. Buradan o6grencilerin daha once
ogrendikleri sembol pekistirme ve yenileri kesfetmeleri ve derinlemesine anlayis gelistirmelerine

icin matematik derslerinde farkh matematiksel modelleme durumlarini kullanmalari 6nerilebilir.

islemler temasi agisindan ise matematiksel modelleme uygulamalarinda égrencilerin
ondalikli ifadelerde toplama islemini dogru bir sekilde yaptiklari goriilmektedir. Bu durum
beklenen bir sonugtur. Fakat bazi 6grenciler bu islemleri yaparken kendisine ait farkl stratejileri
gelistirmisler ve basarili bir sekilde kullanmiglardir. Bu durum Borromeo Ferri (2010) ve Kal
(2013) calismalarinda ortaya konulan matematiksel modelleme etkinlikleri 6grencilere bildikleri
islemleri uygulama ve islemleri yaparken yeni stratejileri gelistirme ve uygulama imkani sundugu

sonucuyla uyumludur.

Matematiksel kavram ve kurallar temasi agisindan (i¢ sonug elde edilmistir. Birinci sonug
sembol ve islem temalarinda oldugu gibi 6grencilerin matematiksel modellerini olustururken
daha 6nce 0Ogrendigi matematik ile ilgili kavram ve kurallari dogru bir sekilde kullanmis
olmalaridir. Bu durum daha 6nceki matematiksel modelleme arastirmalarinda ortaya konulan
matematiksel modelleme sireglerinde 6grenciler daha 6nce 6grendikleri kavram ve kurallar
etkili bir sekilde kullandiklari sonuglariyla 6rtiismektedir (Blum & Borromeo Ferri, 2009; Karali,

2013).
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ikincisi daha ©6nce o6grenmedikleri ve sonraki zaman ve/ya sinif diizeylerinde
ogrenecekleri olasilik, negatif tam sayilar ve aritmetik ortalama gibi kavram ve kurallari dogru
bir sekilde kullanmis olmalaridir. Bu sonuc¢ arastirmalarda ortaya konulan matematiksel
modelleme uygulamalarinda 6grenciler yeni kavram ve kurallari dogru bir sekilde kullandiklari

sonucuyla oértismektedir (Borromeo Ferri, 2010; Kal, 2013).

Uclinciisii de diger derslerde ve/ya giinlik hayatta 6grendikleri kavramlari da
matematiksel degisken olarak kullanmis olmalaridir. Ogrenciler matematik ile ilgili olmayan
surtiinme, yorgunluk, ceza, deneyim /tecribe gibi diger derslerle veya ginliik hayatla iliskili
kavramlari dogru ve etkili bir sekilde kullandiklari gértilmektedir. Bu durum Ortaokul Matematik
Dersi Programinin matematik ve diger dersler arasinda iliski kurma (Milli Egitim Bakanhgi, 2018)
hedefini desteklemektedir. Buradan matematiksel modelleme etkinlikleri 6grencilere diger
dersler ve ginlik hayattaki kavramlarla matematik arasinda iliski kurmasina katki sagladig
sdylenebilir. Bu; Ozkaya ve digerleri (2023) ve Muslu ve Ciltas (2016) tarafindan ortaya konulan
matematiksel modelleme etkinlikleri 6grencilere matematikle farkli alanlarla iliski kurma firsati
verdigi sonucuyla ortiismektedir. Matematikle diger dersler arasinda iliski kurmayi tesvik eden
disiplinler arasi projeler ve etkinliklerin matematiksel modelleme yardimiyla diizenlenmesi
Onerilebilir. Matematiksel modelleme uygulamalari, spesifik kavramlarin yani sira genis
konularin 6grenilmesinde ve diisiinme becerilerinin gelistiriimesinde kullaniimasi dnerilebilir.
Ogrencilere, yeni matematiksel kavramlar ve kurallar olusturma yetenegi kazandiracak

matematiksel modelleme uygulamalari yapilabilir.

Matematiksel modelleme etkinlikleri matematikle ile ilgili sembol ve islemler
kategorilerinde daha dnce 6grenilmis ve yeni kavram ve kurallarin uygulanmasinda ve ortaya
cikarilmasinda katkisi oldugu séylenebilir. Geiger ve digerleri (2022) tarafindan ortaya konulan
goris, matematiksel modelleme uygulamalarinin spesifik kavram ve konularin 6grenimi yerine,
daha genis bir konunun 6grenilmesinde ve diislinme becerilerinin gelistiriimesinde kullaniimasi

gerektigi gorlsi bu sonug ile ortismektedir.

Matematiksel modelleme etkinlikleri siirecinde 6grencilerin genelleme yapmadiklari
sonucuna ulasiimistir. Bu sonug bircok calismada ortaya konulan genelde 6grencilerin genelleme
yapamadigl sonucuyla ortiismektedir (Chamberlin & Moon, 2005). Belki de bu beklenen bir
sonugtur. Clinkl 6grencinin genelleme yapabilmesi icin daha ¢ok ¢aba ve zamana ihtiyaci vardir.

Yine de 6grencilerin az da olsa genellemeler yapabilmesi icin 6gretim yil icinde matematik
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derslerinde genis zaman icinde farkli zamanda ve farkli matematik modelleme durumlariyla

uygulamalar yapilmasi 6nerilebilir.

Sonug olarak, matematiksel modelleme uygulamalari 6grencilere, matematik dersiyle
ilgili 6grendikleri semboller, islemler, kavramlar ve kurallari kullanma ve uygulama firsati
sunacagl duslintlmektedir. Ayrica, bu uygulamalar matematikle diger disiplinler arasinda iliski
kurma becerisini gelistirecegi ve Ogrencilere yeni kavramlar olusturma firsati sunacagi
Ongorulmektedir. Bu sonug, ¢calismalarda ortaya konuldugu gibi ilerleyen yillarda 6grenilecek
kavramlari anlama ve kullanmada olumlu katki saglayacagi (Blum & Borromeo Ferri, 2009; Karali,

2013; Kutluca & Kaya, 2023) sonucuyla uyumludur.

Genelleme yapmaya olanak taniyan matematiksel modelleme uygulamalari secilmesi ve
bunlarin Gzerinde ¢alismak icin daha fazla zaman ayrilmasi 6nerilmektedir. Boyle uygulamalar,
ogrencilerin genelleme yapmasinin yaninda matematik ile diger dersler ve giinlik hayattaki
kavramlarla arasinda baglanti kurmasina firsat verilecegi diisiinilmektedir. Bu ylizden derslerde

matematiksel modelleme uygulamalari en az ayda bir kez kullaniimasi 6nerilmektedir.
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