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ABSTRACT

AN ANALYSIS OF NINTH-GRADE MATHEMATICAL MODELING
ACTIVITY BOOK BASED ON MODEL-ELICITING ACTIVITY DESIGN
PRINCIPLES

Celikdin, Esma Nur
Master of Science, Mathematics Education in Mathematics and Science Education
Supervisor : Assoc. Prof. Dr. Biilent Cetinkaya

September 2023, 141 pages

In recent years, with the development of science and technology, mathematical
modeling, which connects mathematics to real life, has increasingly gained
importance in the teaching and learning of mathematics. Thus, modeling activities
began to be used as a tool for students to learn mathematics. However, to effectively
teach and learn mathematics through modeling activities, these activities must have
certain characteristics. Lesh et al. (2003) outlined six fundamental principles for
designing modeling activities: model construction, reality, model generalization,

simple prototype, model externalization, and self-evaluation.

This study aimed to examine the ninth-grade mathematics modeling activity book
published by the Ministry of National Education [MoNE] (2020a) concerning the
compatibility of modeling activities with Lesh et al.’s (2003). The document analysis
method was used to collect data, and the content analysis method was used to analyze
data.

Results indicated that the modeling activities were generally compatible with the
MEA design principles. Analyses showed that the activities were below the medium

level regarding only the model generalization principle. Other principles were above



the medium level, with the model construction, reality, and simple prototype
principles close to a high level, while the model externalization and self-evaluation
principles were slightly above the medium level. Consequently, the modeling
activities in the ninth-grade mathematics modeling activity book generally met the
design principles of MEA above the medium level. The results of the study provide
a framework for curriculum developers, textbook authors, and teachers in the field

of mathematical modeling.

Keywords: Modeling, Mathematical Modeling, Model-Eliciting Activities, Model-
Eliciting Activity Design Principles, Models and Modeling Perspective
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0z

DOKUZUNCU SINIF MATEMATIK MODELLEME ETKINLIK
KiTABININ MODEL OLUSTURMA ETKINLIGI TASARLAMA
PRENSIPLERINE GORE ANALIZi

Celikdin, Esma Nur
Yiiksek Lisans, Matematik Egitimi, Matematik ve Fen Bilimleri Egitimi
Tez Yoneticisi: Dog. Dr. Biilent Cetinkaya

Eyliil 2023, 141 sayfa

Son yillarda bilim ve teknolojinin gelismesiyle birlikte gergek hayat ile matematigi
birbirine baglayan matematiksel modelleme, matematigin Ggretilmesi ve
Ogrenilmesinde giderek ©6nem kazanmistir. Bdylece modelleme etkinlikleri
Ogrencilerin matematik 6grenmeleri i¢in bir ara¢ olarak kullanilmaya baslandi.
Ancak modelleme etkinlikleri yoluyla matematigi etkili bir sekilde 6gretmek ve
ogrenmek icin bu etkinliklerin belirli 6zelliklere sahip olmasi gerekir. Lesh ve
digerleri (2003) modelleme etkinliklerini tasarlamak igin alti temel prensibi
Ozetlemistir: model olusturma, gergeklik, model genellestirme, basit prototip, model

digsallagtirma ve 6z degerlendirme.

Bu ¢alisma, modelleme etkinliklerinin Lesh ve digerleri (2003) tarafindan 6nerilen
tasarim prensipleriyle uyumluluguna iliskin Milli Egitim Bakanligi’nin [MEB]
yaymladigi dokuzuncu sinif matematik modelleme etkinlik kitabin1 (2020a)
incelemeyi amacglamistir. Veri toplamak i¢in dokiiman analizi ve verileri analiz

etmek i¢in igerik analizi yontemi kullanilmstir.

vii



Sonuglar, modelleme etkinliklerinin genel olarak MOE tasarlama prensipleriyle
uyumlu oldugunu gdéstermistir. Yapilan analizler etkinliklerin yalnizca model
genellestirme prensibi agisindan orta diizeyin altinda oldugunu ortaya koymaktadir.
Diger prensipler orta diizeyin iizerindedir; model olusturma, gergeklik ve basit
prototip prensipleri yliksek seviyeye yakinken, model dissallastirma ve 0z
degerlendirme prensipleri ortalamanin biraz {izerindedir. Sonug olarak, dokuzuncu
sinif matematik modelleme etkinlik kitabindaki modelleme etkinliklerinin
cogunlukla MOE tasarlama prensiplerini orta diizeyin {izerinde sagladig
goriilmektedir. Bu ¢alismanin sonuglart miifredat gelistiricilerine, Kitap yazarlara ve

Ogretmenlere matematiksel modelleme alaninda bir ¢ergeve sunmaktadir.

Anahtar Kelimeler: Modelleme, Matematiksel Modelleme, Model Olusturma
Etkinlikleri, Model Olusturma Etkinlikleri Tasarlama Prensipleri, Model ve
Modelleme Perspektifi
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CHAPTER 1

INTRODUCTION

The rapid advancements and progress in science and technology have directly
impacted people’s lives and resulted in shifts in countries’ expectations of their
citizens. The emphasis now lies not only on possessing knowledge but also on the
ability to apply that knowledge effectively to solve problems. This shift is considered
vital for keeping pace with the constantly evolving world. Consequently, a country’s
education policy and teaching approach play a crucial role in training its citizens to

acquire such competence.

Adjustments to the curriculum were also made to accommodate the changes in
science and technology. As a result of these educational developments, significant
innovations have emerged in mathematics teaching. These innovations aim to foster
students’ mathematical skills, enhance problem-solving abilities, and improve
analytical thinking. Within this context, mathematical modeling plays a crucial role
in helping individuals acquire mathematical proficiency by tackling challenges
encountered during problem-solving. Given the growing importance of innovations
in mathematics teaching and their relevance to individuals’ lives, there has been a

parallel increase in studies focusing on mathematical modeling.

Teaching mathematics, which is directly relevant to everyday life, solely as a
collection of abstract concepts and a set of memorized rules in schools, negatively
impacts students’ interest in and performance within the subject (Baki, 2014).
Consequently, students tend to approach mathematical problems mechanically,
producing solutions without fully comprehending the underlying process. However,
in mathematics education, one of the fundamental goals is to improve students to use
their mathematical knowledge and skills while solving real-life problems (Blum &

Leip, 2007). Mathematical modeling holds an essential role in helping students to



perceive mathematics as important and necessary by allowing them to apply it to
address real life situations through modeling (MoNE, 2005). With the help of
mathematical modeling, students not only acquire a deeper understanding of
mathematical concepts but also gain insights into how this knowledge can be used
effectively in their daily lives. Therefore, it is important to incorporate real-life
problems into mathematics lessons, providing students with opportunities to gain

experience in tackling such issues (Kaiser, 2005).

The Common Core State Standards for Mathematics [CCSSM] (2010) states that
modeling with mathematics is one of the standards. According to the National
Council of Teachers of Mathematics [NCTM] (2000), modeling is at the heart of
mathematics, and problem-solving is integral to mathematics learning. Also, in the
mathematics curriculum in Turkey, the general aims are to help students solve real-
life problems and relate mathematics and other disciplines (Ministry of National
Education [MoNE], 2013a). In this sense, mathematical modeling activities can help
the development of students’ problem-solving and analytical thinking abilities (Lesh
& Doerr, 2003a) and enable students to internalize the fundamental mathematical
principles underlying real-life problems (NCTM, 2000). Mathematical modeling
activities not only promote students to construct mathematical models to solve the
real life complex problems, but they also enable researchers to examine students’
mathematical thinking (NCTM, 2000).

Since teaching mathematics through modeling gains more importance for students’
mathematical development, conducting research on modeling in this field has a
crucial role in mathematics education. Also, in order for the model to have
mathematical significance, it should be focused on the basic structural features of
modeling activities (Lesh et al., 2003). In Turkey, the literature has revealed that
modeling activities are rarely used in school mathematics lessons despite the
revisions made to the mathematics curriculum (Tekin Dede & Bukova Giizel,
2013a). One of the most important reasons for this is that the modeling activities in

textbooks are quantitatively sufficient but qualitatively insufficient (Urhan & Dost,



2017). Therefore, when examining modeling activities, investigating the basic

features of the modeling activities is important.

The “Mathematical Models and Modeling Perspective (MMP),” proposed by Lesh
and Doerr (2003a), is a theoretical approach in the field of mathematics education
that offers comprehensive explanations for learning, teaching, and problem-solving.
MMP provides explanations in mathematics education concerning (i) the nature of
reality, (ii) the nature of mathematical knowledge, (iii) the nature of knowledge
development in students, (iv) how this knowledge development can be facilitated,
(v) the role of context and its relationship to generalization in knowledge
development, (vi) the nature of problem-solving, and (vii) the nature of teaching and
teacher development (Lesh & Doerr, 2003a, 2003b).

MMP presents a different perspective on problem-solving in mathematics education.
The traditional problem-solving process involves providing students with specific
information and expecting them to reach a predetermined outcome. It often involves
problems isolated from real life or with artificial constructs, requiring students to
follow particular solution strategies and steps (Erbas, et al., 2014; Lesh &
Zawojewski, 2007). However, according to MMP, problem-solving should entail
non-routine situations involving complex real-life contexts and be open to different
thinking approaches and solution methods (Zawojewski & Lesh, 2003). According
to MMP, the primary aim is to assist students in developing conceptual models that
enable them to interpret and solve real problem situations they encounter in
mathematics education. Therefore, problem-solving activities in the classroom
should provide students with environments conducive to creating and refining
conceptual models. MMP uses the term “model-eliciting activities (MEA)” to refer

to problems that engage students in authentic problem-solving experiences.

MEAs are problem-solving activities that employ conceptual tools, which can be
shared, adapted, and reused to construct, estimate, explain, and control
mathematically significant systems (Lesh & Doerr, 2003a). Numerous studies have

demonstrated that MEAs offer significant benefits, enabling students to develop



problem-solving skills, analytical thinking, analysis, and conceptual understanding
of fundamental mathematical concepts within real-life problems (Chamberlin &
Moon, 2005; Lesh & Zawojewski, 2007). By working on MEAs, students naturally
explore mathematical concepts linked to real-life problems and develop models
(Erbas et al., 2014). The successful utilization of MEAs in classes demonstrates their

suitability for inclusion in the mathematics curriculum.

Lesh et al. (2003) proposed six design principles for creating productive MEAS: (i)
the model construction principle, (ii) the reality principle, (iii) the model
generalization principle, (iv) the simple prototype principle, (v) the model

externalization principle, and (vi) the self-evaluation principle.

The model construction principle requires developing a model to solve the problem
(Chamberlin & Moon, 2005). This principle indicates that the modeling activity task
ensures students clearly recognize in which situations they need to construct, or
modify a model (Lesh et al., 2000; Lesh & Caylor, 2007).

The reality principle requires that students can make sense of the problem situation
using their personal knowledge and experience (Lesh et al., 2000). This principle
indicates that the problem situations should be designed using real or realistic data
and reflect students’ real lives (Lesh et al., 2000; Lesh & Caylor, 2007).

The model generalization principle indicates that the model should not only be useful
and applicable to a particular situation but also be used for similar situations,
shareable, reusable, or modifiable with other people for different purposes
(Chamberlin & Moon, 2005; Lesh et al., 2000; Lesh & Caylor, 2007).

The simple prototype principle indicates that the model should be as simple as
possible and memorable for students even after a long time when they encounter
structurally similar situations (Chan, 2008; Lesh et al., 2000; Lesh & Caylor, 2007).
It also should be mathematically meaningful, effective, and easily interpretable by
others (Chamberlin & Moon, 2005).



The principle of model externalization principle states that students should be able
to express their thinking processes during the modeling task clearly, and these
processes need to be documented in their responses (Chamberlin & Moon, 2005;
Lesh et al., 2000; Zawojewski, Lesh & English, 2003).

The self-evaluation principle requires that the purpose of the problem situation
should be clear. According to this principle, students can assess their solution
processes without any teacher support and approval and select the most appropriate
and suitable solution from the alternative solutions by making their own decisions
(Chamberlin & Moon, 2005; Lesh et al., 2000; Tekin Dede & Bukova Giizel, 2013b).

1.1  The Rationale for the Study

In recent years, many research studies related to mathematical modeling indicated
that more emphasis should be given to modeling activities for all educational levels
in school mathematics (Department for Education [DFE], 1997; National Board of
Education [NBE], 2011, 2013; NCTM, 1989, 2000). Over the past few decades,
research on modeling has gained popularity in Turkey (Kog, 2020).

For effective utilization of modeling in mathematics classrooms, it is crucial for
students to be at the center and actively construct knowledge. Hence, teachers are
expected to plan well-structured activities before class time. Also, activities,
including resources like textbooks and educational materials, should be organized in
such a way as to ensure the active participation of students and to be appropriate for
their levels (MoNE, 2013a). Therefore, materials and textbooks are important for the
effective implementation of modeling.

The research studies at the national level show that the textbook analyses conducted
in the mathematical modeling context mainly examined how the activities in
textbooks at the elementary school level meet the MEA design principles. The
activities in the 5th-8th-grade mathematics textbooks (Cavus-Erdem, Dogan,

Giirbiiz, & Sahin, 2017) and mathematics practice course books (Doruk, 2019; Saka



& Alkan, 2022) were analyzed in terms of model-eliciting activity design principles.
Only one study examined the tasks at the high school level (9" grade) (Urhan &
Dost, 2017). Also, Kog (2020) stated that there is a gap in modeling research in
Turkey, particularly the limited number of studies that focused on modeling at the
elementary and high school levels. Moreover, in line with the focus on mathematical
modeling, it is crucial to assess the extent to which the mathematical modeling
activities in the books reflect the modeling process (Saka & Alkan, 2022). Therefore,
studying teaching and learning materials at the high school level is important.

The mathematics textbooks or mathematics practice course books examined in the
aforementioned studies did not claim to be modeling textbooks. Also, the literature
has stated that although the textbooks claim to be modeling books, they do not fully
fulfill the promise of mathematical modeling (Meyer, 2015). Thus, analyzing a
mathematics textbook that claims to contain modeling tasks would be more valuable

for this study.

1.2 Purpose of the Study and Research Question

The purpose of this study is to analyze the mathematical modeling activities in the
ninth-grade mathematics modeling activity book (MoNE, 2020a) in terms of their
compliance with the model-eliciting activities design principles according to Lesh
and others (2003).

For this purpose, the following research question and sub-questions guided the study:

e To what extent do the modeling activities in the ninth-grade Mathematics
Modeling Activity Book (MoNE, 2020a) comply with the MEA design
principles?

o To what extent do the modeling activities in the ninth-grade
Mathematics Modeling Activity Book (MoNE, 2020a) comply with
the principle of model construction?



o To what extent do the modeling activities in the ninth-grade
Mathematics Modeling Activity Book (MoNE, 2020a) comply with
the principle of reality?

o To what extent do the modeling activities in the ninth-grade
Mathematics Modeling Activity Book (MoNE, 2020a) comply with
the principle of model generalization?

o To what extent do the modeling activities in the ninth-grade
Mathematics Modeling Activity Book (MoNE, 2020a) comply with
the principle of simple prototype?

o To what extent do the modeling activities in the ninth-grade
Mathematics Modeling Activity Book (MoNE, 2020a) comply with
the principle of model-externalization?

o To what extent do the modeling activities in the ninth-grade
Mathematics Modeling Activity Book (MoNE, 2020a) comply with
the principle of self-evaluation?

1.3 Significance of the Study

Mathematical modeling is crucial in enhancing the students’ comprehension of the
world around them. It contributes to develop students’ understanding of being
responsible citizens and active participants in societal advancements (Blum, 2011).
It also supports the students’ mathematical learning by fostering motivation,
comprehension, and retention while promoting the development of various
mathematical competencies (e.g., creativity, critical thinking, problem-solving) and
fostering positive attitudes toward mathematics. Furthermore, it contributes to
creating a comprehensive and adequate perception of mathematics as a whole (Blum,
2011; Blum & Niss, 1991). Also, through modeling, mathematics becomes more
meaningful and gains more importance for students, aligning with the secondary

schools’ core objectives of mathematics teaching (Niss, 1996).



In addition to numerous studies that highlight the pivotal role of mathematical
modeling in mathematics education, the Turkish mathematics curriculum also
emphasizes solving real-life problems and relating mathematics to real life and other
disciplines (MoNE, 2013a). To help students develop their modeling competencies,
among other factors, the modeling tasks used in teaching mathematics are of critical
importance. Also, books serve as a bridge for the presentation of the curriculum.
They contain modeling activities that play a crucial role in transferring mathematical
modeling to the learning environment (Saka & Alkan, 2022). That is, it is important
for students to do mathematical modeling, learn mathematics through modeling
tasks, and develop mathematical thinking skills. This can only be done with real
mathematical modeling tasks. Thus, modeling tasks in textbooks or teaching
materials should be analyzed and evaluated in this regard.

Blum and Borromeo-Ferri (2009) indicated that a modeling activity should be
designed to reflect the process of modeling and developed in a way that shows some
critical features. In this context, design principles for modeling tasks have an
important role in developing these tasks (Doerr & English, 2003). These principles
(Lesh et al., 2003) are one of the tools that analyze the features of the modeling tasks

for engaging students in meaningful mathematics learning.

In Turkey, there is only one ninth-grade mathematics textbook consisting of a
collection of modeling tasks titled Mathematics Modeling Activity Book (MoNE,
2020a). However, no study investigated if and to what extent this textbook is in
compliance with the design principles for modeling activities. Thus, assessing the
extent to which the modeling activities in the ninth-grade Mathematics Modeling

Activity Book adhere to the design principles of MEA has significance.

This study holds significance for various stakeholders, including the MoNE,
researchers, teachers, textbook authors, and curriculum designers. The results of this
study will provide valuable guidance for secondary school mathematics curriculum
developers and textbook authors to make necessary modifications to instructional

materials and resources containing mathematical modeling. Based on the study’s



findings, curriculum designers can incorporate a greater number of model-eliciting
activities aligned with the design principles of MEA into the teaching materials to
enhance students’ modeling experiences and boost their mathematics achievements.
Also, teachers can make modifications to the modeling tasks in the textbooks or
design new tasks to integrate the model-eliciting tasks into their classes better and
improve students’ modeling skills. Furthermore, this study has the potential to attract
national and international researchers’ attention to evaluating the quality of modeling
activities published for teaching and research purposes.

1.4 Definitions of Terms

In this study, model, modeling, mathematical model, mathematical modeling,
model-eliciting activities, models and modeling perspective, and model-eliciting
activities design principles are important terms. These terms can be defined as

follows:

Models, as conceptual systems, are composed of elements, operations, relations, and
interaction rules, which are expressed through systems of external notation. They
are used for the construction, description, and explanation of behaviors exhibited by
other systems (Lesh & Doerr, 2003a).

Modeling is the process of selecting and applying suitable mathematics, statistics,
and mathematical methods to examine real-world situations to enhance
comprehension and the decision-making process (Common Core State Standards
Initiative [CCSSI], 2010).

Mathematical model is a description of a real-world situation by applying different
mathematical techniques to make inferences about the situation. Mathematical
models concentrate on structural features and functional principles of real-life
situations or objects rather than their physical properties. Mathematical models

encompass a variety of representations, operations, and relationships to make sense



of real-life situations instead of relying on a singular approach (Lehrer & Schauble,
2003; Lesh & Doerr, 2003a; NCTM, 2000).

Mathematical modeling is the process of applying mathematics to real-world
problems by using mathematical terms to understand them (Cheng, 2001; Niss, Blum
& Galbraith, 2007; Pollak, 2016).

Model-eliciting activities (MEAS) are challenging, non-routine, and open-ended
problems in various real-world situations that can be solved with the help of the
interaction between learners’ formal and informal mathematical knowledge and
requires the learner to develop a model that describes these situations (Wessels,
2014).

Models and Modeling Perspective (MMP) is a mathematics education approach
that emphasizes using mathematical modeling as a central tool for learning to
construct, analyze, and interpret new mathematical models to solve real-world
problems. MMP is a problem-solving perspective in which the problems are thought-
revealing problems known as model-eliciting activities instead of traditional
textbook problems (Lesh & Zawojewski, 2007).

Model-eliciting activities design principles are a set of principles to design activities
that align with this criterion. These principles serve as a guide for creating
productive and effective model-eliciting activities. There are six MEA design
principles: model construction, reality, model generalization, simple prototype,

model externalization, and self-evaluation principles (Lesh et al., 2000).
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CHAPTER 2

LITERATURE REVIEW

The literature review part includes the theoretical background of model and
modeling, modeling in mathematics education, modeling in mathematics education,
different mathematical modeling approaches and perspectives, MEAs in MMP,
MEAs design principles, which includes Galbraith’s (2007) and Lesh and others’
(2003) frameworks, and previous research studies on MEAs in Turkey and other

countries.

2.1 Theoretical Framework

The theoretical framework includes the development of model and modeling
concepts, modeling in mathematics education, specifically in mathematics
textbooks, different mathematical modeling approaches and perspectives, and
model-eliciting activities in MMP, Galbraith’s and Lesh et al.’s modeling activities

design principles.

211 Model and Modeling

Although the concepts of model and modeling are often used as the same concepts,
they have different meanings (Kaiser, Blomhgj, & Sriraman, 2006; Niss, et al.,
2007). When expressed in a general sense, modeling describes creating a model of a
situation, while the model is the final product revealed at the end of the process
(Sriraman, 2006).

From a mathematical point of view, a model is any picture, object or drawing

representing a concept or that a relationship can be imposed on that concept (Van de
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Walle, 2012). Also, Lesh and Doerr (2003a) described a model as a conceptual
system containing elements, operations, relationships, and rules that regulate
interactions. These models are represented using external symbols and are utilized
to construct, explain, describe, and predict the other systems’ behaviors (Lesh &
Doerr, 2003a). According to Lehrer and Schauble (2003), a model is a form of
representation that contains a collection of specific properties and a kind of analogy
between an unknown or unfamiliar system and a system that is already known or
familiar, and the objects and relations. The models allow people to understand,

interpret, and make sense of real-world scenarios.

Modeling is a process of developing an abstract, physical, or symbolic model of a
situation (Sriraman, 2006). Modeling is an iterative, creative process that involves
making mathematical sense of a problem situation (Moore, Doerr, Glancy & Ntow,
2015). Modeling consists of the application, recognition, and interpretation of basic
given models, utilization of various representational models, development and
manipulation of complex models, and reflecting on, generalizing, and explaining the

outcomes of modeling (Steen, Turner & Burkhardt, 2007).

Mathematical models are conceptual tools used by mathematicians to interpret
various situations in a mathematical language that focuses on structural properties
and functional principles of the systems in the real world (Lesh & Doerr, 2003a;
Lehrer & Schauble, 2003, 2007). The processes of interpretation, construction,
explanation, and description consist of schemes to organize, systematize, or
mathematize the situations (Lesh & Doerr, 2003a, 2003b).

Mathematical modeling is a process of constructing and developing new models by
predetermined models and conceptual systems to relate mathematics and real life
(Lesh & Doerr, 2003a). According to Blum and Borromeo Ferri (2009),
mathematical modeling is a two-way translation process between the real world and
mathematics. Also, mathematical modeling is not only expressing real-life situations

mathematically by using existing models but also relating phenomena within the
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situation by reinterpreting them with mathematical representations and concepts
(Gravemeijer & Stephan, 2002).

In modeling problems, the problem information provided could be incomplete, ill-
defined, or ambiguous. Also, the extra data could be, or less information could be
given. When confronted with such information, children may tend to make
unjustified assumptions or impose inappropriate limitations on the solutions they
need to create (English, 2006).

According to the literature, three categories of modeling tasks are described in
mathematics education. These are sense-making by meaningful tasks (Freudenthal,
1973; Verschaffel, Greer & DeCorte, 2000), model-eliciting activities by
challenging tasks (thought-revealing problems) (Lesh & Doerr, 2003a), and
authentic tasks (Kaiser & Schwarz, 2010; Palm, 2007). In this present study, we
focus on model-eliciting activities (MEA) because MEA is an effective and
significant method for helping learners enhance their problem-solving, analytical
thinking skills, and conceptual understanding of fundamental mathematical concepts
within real life situations (Chamberlin & Moon, 2005; Lesh & Zawojewski, 2007;
Moore et al., 2015).

2.1.2 Modeling in Mathematics Education

According to CCSSI (2010), one of the common core state standards for mathematics
is “modeling with mathematics” (p. 7). Based on this standard, students who are
proficient in mathematics have the ability to use their mathematical knowledge to
solve problems that arise in daily life, society, and the workplace. Also, Principles
and Standards for School Mathematics (NCTM, 2000) states that one of the
standards is “using mathematical models to represent and understand quantitative
relationships” (p. 39). NCTM (2000) highlights that mathematical modeling is

among the most potent tools in mathematics education. Hence, it is crucial for
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students at all educational levels to have chances to engage in mathematical

modeling across a wide range of phenomena adapted to their individual skill levels.

Mathematical modeling is essential for students for several reasons. Mathematical
modeling enhances students’ problem-solving skills by allowing them to apply
mathematical concepts to real-world situations (Lesh et al., 2000). It encourages
critical thinking as students need to make decisions about which mathematical tools
and techniques are most appropriate for a given problem (Lesh & Doerr, 2003a).
Also, mathematical modeling helps students see the interdisciplinary applications of
mathematics, which is crucial in today’s interconnected world (National Research
Council, 2013). It makes mathematics more relevant by showing students how
mathematics is used to address real-world problems (NCTM, 2000). Mathematical
modeling teaches students how to formulate problems, an essential skill in research
and problem-solving (Blum & Leil3, 2007). It prepares students for higher education
by introducing them to advanced mathematical concepts and techniques (Lesh &
Doerr, 2003a).

English (2006) presents six compelling justifications for incorporating the
significance of mathematical modeling into any reformed school curriculum, which
can be viewed in light of the roles that mathematical modeling plays in the

mathematics classroom:

1. The use of authentic problem situations provides not only real-world
situations but also creates real-world solutions.

2. Model exploration and application offer students opportunities to construct,
reinforce, and refine their conceptual understanding.

3. Multiple interpretations and approaches allow for critical examination,
interpretation, and re-interpretation of problem information.

4. Social development is fostered when students share responsibility for
problem-solving.

5. Encouraging multifaceted end products enables students to adopt various

modes of representation, demonstrating representational fluency.
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6. Engaging in important mathematical processes fosters optimal mathematical

development.

Modeling holds significant importance for students as it facilitates deeper
comprehension of the world, enhances mathematics learning, fosters the
development of diverse mathematical competencies and positive disposition towards
mathematics, and contributes to a comprehensive understanding of mathematics

(Blum, 2011). Therefore, modeling is so important in mathematics education.

There are only a few modeling examples in mathematics lessons. The main reason
is that modeling is difficult for both teachers and students. Because of the cognitive
demands of modeling tasks involving the reciprocal translation between mathematics
and real life, it makes relevant mathematical concepts and real-world knowledge
necessary for students. When students attempt MEAs for the first time, they
encounter difficulties. Some of the challenges including a lack of comprehension of
the problem and the struggle to construct a well-developed and adequate model.
Also, modeling requires other mathematical competencies, such as the competencies
of problem-solving, mathematical thinking, and reasoning (Blomhgj & Jensen, 2007,
Blum, 2011; Niss, 2003). For these reasons, modeling is so difficult for students.

On the other hand, MEAs need real-world knowledge, and teaching becomes more
open and more unpredictable. Teachers encountered difficulties such as students’
reluctance to collaborate, persistent need for feedback, and preference for quick
solutions without thorough deliberation (Moore et al., 2015; Zawojewski et al.,
2003). When incorporating MEAs, the main focus is not on directing students toward
a specific solution but rather on cultivating a classroom environment where students
are encouraged to share, discuss, and revise their ideas freely. Therefore, creating
such a classroom environment can be difficult for teachers. Furthermore, teachers
must acquire all the modeling competencies expected from their students (Blum,
2011). Mathematical modeling competencies are the ability to translate a given real
world situation into mathematics and to interpret and validate the problems’ solution,

and develop mathematical models (Kaiser, 2007; Niss et al., 2007).
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In addition to the difficulties for teachers and students, there are other factors that
prevent the implementation of modeling activities in mathematics lessons. These
factors are as follows (Urhan & Dost, 2016):

e The inadequacy of both quantitative and qualitative aspects of mathematical
modeling activities in mathematics textbooks and other resources,

e The difficulty of attracting students’ attention because of the simplicity of the
modeling activities present in textbooks and other resources,

e The low motivation of students towards modeling activities due to their
lengthy and complex scenario-based nature,

e The density of the curriculum as the most significant obstacle to the
incorporation of modeling activities in mathematics instruction,

e The discrepancy between the question structures in university entrance exam
questions and mathematical modeling activities,

e The students’ fundamental mathematical deficiencies and lack of readiness

levels.

The inadequacy and simplicity of modeling activities in mathematics textbooks and
their lack of attractiveness for students are among the reasons that prevent the
implementation of modeling activities in mathematics education. Therefore, it is

important to examine the place of modeling in mathematics textbooks.

2.1.2.1 Modeling in Mathematics Textbooks

"The mathematics textbook plays a pivotal role in facilitating mathematics
instruction and learning.” The mathematics textbook plays a pivotal role in
facilitating teaching and learning in mathematics lessons (Zwaneveld, Perrenet,
Overveld & Borghuis, 2017). Based on the MoNE Course Books and Educational
Tools Regulations, the Education Committee undergoes approval a course book
before being employed in both formal and non-formal educational institutions in

Turkey (MoNE, 2015). These course books are developed by service units, the
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Ministry itself, or private publishing companies, adhering to the criteria specified in
the Regulations (Urhan & Dost, 2017).

In case of any curriculum modifications, the respective service unit or publishing
company is responsible for incorporating these changes into the relevant course
books. Therefore, considering the revised curricula in Turkey (MoNE, 2005, 2011,
2013a), it is reasonable to expect that modifications in line with the constructivist
approach mentioned above would be included in the course books, incorporating

modeling problems and model-eliciting activities.

Research studies conducted in Turkey have shown that MEAs are rarely utilized in
school mathematics lessons (Tekin Dede & Bukova Giizel, 2013a). Textbooks are
one of the reasons for this. Urhan and Dost (2016) stated that this is due to the fact
that the textbooks are insufficient quantitatively and qualitatively with respect to
model-eliciting activities. Instead, mathematics course books should incorporate
problems that are not overly straightforward, may initially appear ambiguous and

complex, and involve mathematical real-world situations (Pollak, 1979).

Modeling activities are reflected in curricula in different ways in different countries.
In some countries, modeling activities are included in mathematics textbooks, while
in others, there is also another modeling book in addition to the textbooks. For
example, mathematics practice course books and ninth-grade mathematics modeling
books are separate books specific to modeling in Turkey. Also, COMAP’s
educational philosophy is centered around mathematical modeling. Their aim is to
use mathematical tools to explore real life problems. This is an example of another

modeling book.

In the curricula prepared with the focus on problem-solving or Realistic Mathematics
Education (RME), the contents of the textbooks are structured in this sense
(Zwaneveld et al., 2007). RME is an educational approach that has five main
characteristics: (i) using students’ experiences in everyday lives, (ii) visualizing
reality into models, (iii) using students’ activities, (iv) conducting discussion and

guestion-answer for students to realize the mathematics, and (v) connecting concepts
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and topics in mathematics education. Some curricula (e.g., Dutch and Indonesian
curricula) are prepared using this approach as the important principles for teaching
and learning mathematics, and textbooks include mathematical modeling activities
that can be achieved by presenting student outcomes and materials close to everyday
life (Revina & Leung, 2018).

The textbooks containing mathematical modeling questions are mostly incompatible
with modeling processes (Meyer, 2015; Zwaneveld et al., 2017). The literature
indicates that the practice of mathematical skills takes precedence over incorporating
conceptual development with mathematical modeling in textbooks (Zwaneveld et
al., 2017). While modeling textbooks provide an opportunity to perform operations
and interpret the results, they offer students very limited modeling opportunities,
such as identifying variables, formulating models, and validating the conclusions
(Meyer, 2015).

2.1.3 Different Mathematical Modeling Approaches and Perspectives

In mathematics education, modeling is generally categorized based on its purpose
(Galbraith, 2012; Gravemeijer, 2002; Julie & Mudaly, 2007; Kaiser, 1995; Niss et
al., 2007). According to Kaiser (1995), the modeling perspectives diversified due to
the difference in purposes related to modeling and implementation. Kaiser (1995)
has divided the modeling goals into four categories:

i.  Pedagogical goals: Enhancing students’ skills to gain a deeper and better
comprehension of fundamental aspects of the world.
ii.  Psychological goals: Promoting and improving students’ motivation and
attitude towards mathematics and the teaching of mathematics.
iii.  Subject-related goals: Organizing learning processes and introducing and

exemplifying new methods and concepts related to mathematics.
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iv.  Science-related goals: Providing a realistic portrayal of mathematics as a
scientific discipline and offering an understanding of how mathematical and

extra-mathematical ideas intersect in the historical mathematical progress.

Also, Julie and Mudaly (2007) characterized modeling in two different ways.
Modeling is expressed as a vehicle if it is used to develop a mathematical
understanding and as a content in which modeling is the learning goal if it is used to
improve modeling skills. Like Julie and Mudaly (2007), Niss et al. (2007)

categorized the modeling goals as follows (p. 5):

I.  “Modeling may be a vehicle for facilitating and supporting students’
mathematical learning as a subject (i.e., modeling for the learning of
mathematics)”

a. “MNlustrating to students the practical application of mathematics in
diverse contexts beyond the mathematics classroom, thereby
contributing to a more comprehensive understanding of the nature
and role of mathematics.”

b. “Helping students to understand and interpret mathematical
activities” and

c. “Fostering students’ motivation to participate in mathematics studies
and helping to improve their mathematical attitudes.”

ii.  “Learning mathematics to develop competency in applying mathematics and
building mathematical models for extra-mathematical scenarios (i.e.,
learning mathematics for modeling)”

a. “Empowering students with the ability to apply mathematics beyond
its own domain” and

b. “Enabling the use of extra-mathematics with the help of mathematical
models and modeling.”

That is, generally, the purposes of mathematical modeling are categorized in two
main ways (Erbas et al., 2014):
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i.  Modeling as the purpose of teaching mathematics: The purpose of teaching
mathematics is to provide students with mathematical modeling competency,
viewed as a fundamental skill for solving real-world problems in
mathematics and various other fields. In this approach, the modeling process
begins with providing mathematical concepts and modeling, regarded as pre-
existing objects, and then continues adapting these concepts to real-world
situations (Gravemeijer, 2002; Niss et al., 2007). Concerning this purpose, it
focuses on conceptualizing, developing, and measuring the modeling

competencies.

Ii.  Modeling as a means to teach mathematics: Modeling is viewed as a vehicle
to support students in constructing and developing their foundational

mathematical knowledge and models.

As a result, there is a duality related to mathematical modeling purposes in the
literature. These different purposes play an essential role in developing different
perspectives on mathematical modeling (Abassian, Safi, Bush & Bostic, 2019; Nish
et al., 2007). Various approaches exist regarding the integration of modeling into
mathematics education. As a result of this diversity, different modeling perspectives
have developed within the framework of different goals and theoretical orientations
in connection with mathematical modeling teaching and learning (Kaiser, Blum,
Borromeo Ferri, & Stillman, 2011).

Educators have not made a common and single decision on this issue (Abassian et
al., 2019; Galbraith, 2012; Kaiser et al., 2011; Kaiser & Sriraman, 2006). However,
according to the literature, the leading perspective of modeling approaches is the
classification system of Kaiser and Sriraman (2006) (Erbas et al., 2014). Within this
context, in research about mathematical modeling education, mathematical modeling
perspectives are classified into five different categories: (1) realistic modeling or
applied modeling, (2) educational modeling, (3) models and modeling perspective
or contextual modeling, (4) socio-critical modeling, and (5) epistemological

modeling (Kaiser & Sriraman, 2006).
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The realistic modeling or applied modeling perspective focuses on solving real-
world problems, understanding real life, and developing students’ competencies
related to mathematical modeling (Blomhgj, 2009; Kaiser & Sriraman, 2006; Kaiser,
Sriraman, Blomhej & Garcia, 2007). According to this view of modeling, the tasks
that students work on should be realistic, messy, and authentic, requiring modeling
cycle use. Instead of focusing on mathematical content development, this perspective
highlights the importance of solving real-world problems. Also, realistic modeling

emphasizes interdisciplinary approaches (Blomhej, 2009).

The educational modeling perspective focuses on integrating models and modeling
into mathematics teaching (Blomhgj, 2009). The main objectives of this perspective
are to develop students’ mathematical modeling competencies and to learn and
understand mathematics (Blomhgj, 2009; Kaiser & Sriraman, 2006). That is, this
perspective consists of both modeling purposes as mentioned above, which are
“modeling as a vehicle” and “modeling as a content” (Julie & Mudaly, 2007; Niss et
al., 2007) at the same time. This situation leads the tasks to be simplified more than
the authentic tasks given in the previous perspective (Kaiser & Sriraman, 2006).
From the educational modeling perspective, the connection between mathematics
and the real world has an essential role in the process of mathematics teaching and
learning. This perspective motivates and supports students’ needs to learn

mathematics and describe real-life scenarios.

Also, it emphasizes mathematical modeling activities in different mathematics
curricula, problems related to the application of modeling in schools, and the
assessment of students’ modeling activities. The educational modeling perspective
has been divided into didactical and conceptual modeling. While didactical modeling
aims to organize the learning processes, conceptual modeling aims to introduce and

develop the concepts (Kaiser & Sriraman, 2006).

The contextual modeling perspective focuses on developing a deep understanding
of mathematics in the context of modeling (Kaiser & Sriraman, 2006; Lesh & Doerr,

2000). This perspective is called in different ways: “contextual perspective” or
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“model-eliciting perspective” (Kaiser & Sriraman, 2006), and “models and modeling
perspective (MMP)” (Lesh & Doerr, 2003a). This perspective is referred to as MMP
since it describes the mathematical modeling framework proposed by Lesh and
others (Lesh et al., 2000). In this framework, there are six guiding principles for
designing model-eliciting activities: (i) the model construction principle, (ii) the
reality principle, (iii) the model generalization principle, (iv) the simple prototype
principle, (v) the model externalization principle, and (vi) the self-evaluation
principle (Lesh & Doer, 2003a; Lesh et al., 2000). MEAs are designed to develop
learners’ mathematical reasoning, thinking, and understanding and teach
mathematics and mathematical concepts (Doerr & Lesh, 2011; Kaiser & Sriraman,
2006). Unlike other perspectives, the contextual modeling perspective defines the
mathematical model as a conceptual tool for a mathematical system that expresses a
certain real-world scenario, and in this perspective, mathematical modeling is not
considered a specific competence (Blomhej, 2009; Lesh, Doerr, Carmona, &
Hjalmarson, 2003).

The socio-critical modeling perspective focuses on the social role of mathematics
and pedagogical goals such as a critical understanding of the real-world (Blomhgj,
2009; Kaiser & Sriraman, 2006). This perspective is also defined as “modeling as
critics” (Barbosa, 2006) to use mathematical concepts to make decisions about
society. It includes both internal and external goals of mathematics: to show the
power of mathematics and its role as a tool in decision-making, to make societal
decisions, and to develop a critical understanding of the process of mathematical
modeling (Barbosa, 2006; Kaiser et al., 2007). In this way, this viewpoint of
modeling encourages students to develop their skills in mathematical modeling to
foster independent and autonomous citizens in society with the help of the teaching
of mathematical modeling in mathematics education (Blomhgj, 2009). According to
this perspective, a mathematical model serves as a representation of a real-world
situation (Barbosa, 2007). Socio-critical modeling perspective differs from the
perspectives of educational and realistic modeling since it emphasizes students’

critical application of mathematics to make sense of the world instead of
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mathematics-related competencies (Ferri, 2013). It also differs from the contextual
modeling perspective because it focuses on students’ ability to be critical modelers,
not on understanding mathematics. Here, mathematical concepts and modeling
competencies are considered as means to criticize mathematical models (Barbosa,
2006).

The epistemological modeling perspective focuses on developing comprehensive
theories related to the teaching and learning of mathematics (Blomhgj, 2009). This
perspective aims to develop mathematical understanding. Unlike other perspectives,
the epistemological perspective does not require a real-world context for modeling.
According to the epistemological perspective, any mathematical task can be regarded
as a modeling task. In this perspective, the modeling process, which is not limited to
the mathematization of non-mathematical problems, starts with the real world but

ends with mathematics (Kaiser & Sriraman, 2006).

Besides Kaiser’s (2006) and Kaiser and Sriraman’s (2006) categories of
mathematical modeling, there are three frameworks in the modeling field, namely
Realistic Mathematics Education (RME), the Anthropological Theory of Didactics
(ATD), and the Models and Modelling Perspective (MMP), that specifically
emphasize the use of modeling about the aim of enhancing students’ understanding
of mathematics in mathematics education. Two of these frameworks, RME and
ATD, adopt an epistemological viewpoint toward modeling as a vehicle for
facilitating students’ mathematical learning (Blomhgj, 2019). These frameworks
provide comprehensive guidelines for teaching and learning mathematics as a whole.
In the frameworks of RME and ATD, the focus on modeling is embedded within
broader theories related to the teaching and learning of mathematics. On the other
hand, the third framework, MMP, takes a contextual problem-solving approach to

modeling (Kaiser & Sriraman, 2006).

Within Realistic Mathematics Education (RME), modeling extends beyond
translating real-life problems into mathematical form, embracing modeling as a tool

for teaching mathematics (Erbas et al., 2014). The learning process at RME is viewed
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as a dynamic reinvention of mathematical knowledge by the learners during the
mathematization process (Freudenthal, 1983). In RME, models are described as
mathematical representations of problem situations and the elements comprising
students’ conceptual systems (Cobb, 2002). The modeling process begins with
students mathematizing their real-life experiences in various contexts (i.e., “from
real life to the world of symbols” or “model of”), called horizontal mathematization
(Freudenthal, 1991). Through this process, students establish a foundation for
grasping the theoretical meaning behind their concepts and methods and create more
abstract models called vertical mathematization (i.e., “stay in the world of symbols”
or “model for”’) (Doorman & Gravemeijer, 2009). That is, modeling is the process
of moving from a “model of” to a “model for,” which is considered emergent
modeling (Gravemeijer & Doorman, 1999). The emergent modeling perspective
developed by Gravemeijer, and his colleagues focuses on the learning process
through RME (Kaiser et al., 2007).

The other framework, ATD, provides a general and strong theory for comprehending
and designing the teaching of mathematics. The fundamental assumption is the
development of mathematical knowledge in order to contribute to the answer of
particular types of questions. For this reason, in ATD, mathematics teaching should
be defined and utilized as its starting point to teach how to generate such questions
for mathematics knowledge in the curriculum. The ATD approach highlights the
central role of mathematical modeling in the process of learning mathematics.
Instead of viewing modeling competency as a goal, it emphasizes modeling as a

didactical means for learning mathematics (Blomhgj, 2019).

MMP is a comprehensive approach to teaching and learning specific mathematical
concepts, methods, and problem-solving within various situations and contexts (Lesh
& Doerr, 2003a; 2003b). Here, modeling is regarded as a vehicle for both supporting
students’ mathematical learning and developing students’ mathematical modeling
and problem-solving competencies. It also focuses on designing modeling activities
that allow students to activate precisely defined aspects of these concepts in
modeling activities, referred to as MEA. They derive inspiration from everyday real-
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life scenarios, meaningful contexts created during instruction, or authentic

applications in various fields or professions.

All three frameworks share a fundamental belief that stems from the idea that
students’ understanding of mathematical concepts can be solidified and deeply
rooted through modeling activities (Blomhgj, 2019). By working with modeling and
applications across various contexts, students have the opportunity to not only apply
their conceptual understanding but also challenge and enhance it.

214 Model-Eliciting Activities in MMP

The models and modeling perspective (MMP) represent an extensive theoretical
framework for understanding learning and teaching mathematics and mathematical
problem-solving (Lesh & Doerr, 2003a). Within the context of MMP, models refer
to explicit constructions developed by students to represent, describe, and explain
significant real-life mathematical situations they come across (Lesh & Doerr,
2003a).

Modeling problems necessitate children comprehending the situation, enabling them
to mathematize it independently in a meaningful manner (English, 2006). This
process involves a cyclical approach of interpreting the problem information,
identifying relevant quantities, exploring operations that lead to new quantities, and

generating meaningful representations (Lesh and Doerr, 2003a).

This perspective was built upon the principles of constructivist and socio-cultural
theories. According to this viewpoint, individuals actively use their internal
conceptual systems, known as mental models, to organize, interpret, and
comprehend events, experiences, or problems (Moore et al., 2015). They are
encouraged to construct their models, aligning with the fundamental principles of
constructivism (Lesh & Lehrer, 2003). To effectively tackle complex problem-
solving situations, it is essential for these models to be externalized through

representational media, such as symbols and figures.
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As mentioned above, MEAs are challenging, non-routine, and open-ended problems
in various real-world contexts, designed to be approached by learners at different
skill levels. Learners engage with these problems by combining their informal and
formal mathematical knowledge (Wessels, 2014). These MEAs offer learners the
chance to create models and enhance their creative applied mathematical abilities
(Chamberlin & Moon 2005). MEA is an effective method for aiding students in the
development and enhancement of crucial mathematical concepts within real-world

scenarios (Moore et al., 2015).

MEAs have been specially designed for integration within the MMP. MEASs present
students with real-world problems that require them to grasp mathematical concepts
intuitively and construct relevant models within a relatively short timeframe
(Carlson, Larsen, & Lesh, 2003; Doerr & Lesh, 2011). To promote collaborative
learning and foster interaction, MEASs are carried out in teams of three to four
students. The objective is for students to create models to be shared and reused
among their peers, thus emphasizing the social dimension of learning within the
MMP (Zawojewski et al., 2003).

The development and use of MEAS serve two primary purposes (English, 2003; Lesh
et al., 2000). Firstly, learners are given opportunities to solidify their existing
mathematical knowledge, create mathematical models to solve complex tasks and
acquire new insights by modeling complex mathematical problems. Secondly,
teachers are afforded the opportunity to observe and study learners’ mathematical
thinking and determine students’ progress (Lesh & Doerr, 2003a; Moore et al., 2015;
Wessels, 2014).

2.15 Model-Eliciting Activities Design Principles
In the literature, a modeling activity typically possesses the following main features:

(i) being open-ended, (ii) being grounded in real-world scenarios, (iii) creating

mathematical models, (iv) developing students’ modeling competencies, (V) making
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assumptions consistent with real-world scenarios, (vi) creating diverse solutions
according to the assumptions, and (vii) offering solutions that can be generalized
(Blum & Niss, 1991; English, 2003; Kula Unver et al., 2018; Lesh & Doerr, 2003a).

Modeling activities can be designed according to different design perspectives. Here,
two different frameworks that are used to design modeling activities are presented:
Galbraith’s (2007) and Lesh et al.’s (2003) six modeling design principles.

Galbraith’s (2007) six design principles provide a guideline for transforming ideas
into modeling problems (Galbraith, Stillman & Brown, 2010). These principles are
(i) relevance and motivation, (ii) accessibility, (iii) feasibility of approach, (iv)
feasibility of outcome, (v) validity, and (vi) didactical flexibility. As documented in
Galbraith (2007, p. 55), the first principle requires the modeling activity to have a
genuine connection with the students’ real world. The context of modeling activities
should be a part of students’ daily experiences. According to the second principle,
modeling activity should provide students an opportunity to identify a
mathematically tractable questions extracting from the general problem statement.
The third principle states that students can develop solutions to the modeling
activities by (a) using mathematics that is available to them, (b) making the necessary
assumptions, and (c) collecting the required data. According to the fourth principle,
the feasibility of outcome principle, the solution of a basic problem in mathematics
should be possible for students with the help of interpretation. The fifth principle,
the validity principle, indicates that solutions for the modeling activity can be
assessed in terms of their mathematical accuracy and their relevance to the contextual
setting. According to the sixth principle, the didactical flexibility principle, the
problem should be structured into a series of questions that can still preserve the

integrity of the actual situation.

Another framework that was developed to assess the modeling nature of the tasks,
and that guides turning ideas into modeling activities is Lesh et al.’s (2003) design
principles for MEAs. Lesh et al. (2000) stated that a MEA must ensure modeling

design principles. The researchers developed and tested these principles with the help
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of hundreds of teachers, parents, and community leaders who worked with the
researchers in a 15-week multi-stage teaching experiment (Lesh et al., 2000). There
are six modeling design principles, namely, the principles of model construction,
reality, model generalization, simple prototype, model externalization, and self-

evaluation. The following paragraphs give an account of these principles.

The model construction principle indicates that the solution to the problem requires
creating a model (Chamberlin & Moon, 2005). A model can be defined as a system
including elements, relationships between these elements, and operations. These
explain how the elements interact and contain patterns and rules that apply to the
operations and relationships (Chamberlin & Moon, 2005; Lesh et al., 2000). Here,
the modeling process begins when confronted with the need to construct such a
model (Lesh et al., 2000).

To qualify as a model, a system must be employed to explain, make sense of, or
predict another system. Furthermore, for the model to hold mathematical
significance, it must concentrate on the basic structural features of the described
system (Lesh et al., 2000). A situation cannot be considered model eliciting unless it
constructs a model for a student. Therefore, this principle is necessary to determine
the situation that creates the need for a particular type of model and its underlying
concepts (Lesh & Caylor, 2007).

While traditional textbooks include problems that need to make sense of
symbolically expressed situations, MEASs require symbolic representations of given
situations, called mathematizing (Lesh et al., 2000). As a product of mathematizing,
a model is constructed. A variety of concrete, graphic, symbolic, or language-based
representation systems may be necessary to describe the connections, operations, and

patterns depicted in the underlying model.

To determine whether a model eliciting activity satisfies the model construction

principle, the following questions should be considered:
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e “Does the task put students in a situation that makes them realize the need to
develop a specific type of model to interpret the givens, goals, desired
outcomes, and possible solution processes in a complex problem-solving
situation?” (Lesh et al., 2000, p. 17)

e “Does the task lead students to get only an answer formulated by others for a
question?” (Lesh et al., 2000, p. 17)

e “Does the task include the construction, description, explanation,
manipulation, prediction, or control of a system that holds structural
significance?” (Lesh et al., 2003, p. 43)

e “How can activities create the need for students to construct, develop, revise,
modify, refine, or extend a mathematically significant model and underlying

conceptual systems?” (Lesh & Caylor, 2007, p. 181)

Models are essential in cases where predictions are required based on underlying
patterns, to justify or explain decisions, to evaluate or assess alternative conclusions,
explanations, or interpretations proposed by others, and to describe explicitly

requested constructions or explanations (Lesh et al., 2000).

The model construction principle becomes essential when arithmetic methods alone
are insufficient for problem solution. In such cases, the solution can only be obtained
by developing mathematical models (English, 2006). The principle emphasizes that
the purpose of MEASs is not only to get a solution but also to develop the appropriate
tools and structures that can be evaluated, explained, and predicted, which leads to
the desired outcome (Deniz, 2014; Saka & Alkan, 2022).

The reality principle (RP) is also known as the personal meaningfulness principle
since it emphasizes the significance of students attempting to understand a situation
based on their own knowledge and experience (Lesh et al., 2000). It requires that a
problem presented in the MEA should be a problem that students are likely to
encounter in their daily lives, and the problem situation should reflect students’ real
life (Lesh et al., 2000; Lesh & Caylor, 2007). This principle states that activities

should be designed in accordance with real or realistic data (Deniz, 2014; Saka &
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Alkan, 2022; Urhan & Dost, 2017). According to the reality principle for task design,
the questions asked to students are real questions instead of mathematics class
questions (Zawojewski et al., 2003). This enables students to comprehend the
situation through their knowledge and experience. Furthermore, students may realize
that an actual need causes the problem, and the model they have created will help
solve a real problem (Chamberlin & Moon, 2005; Deniz, 2014).

The reality principle requires that during the solution process, students’ ideas are
taken seriously, and they are not forced to follow the way the teacher or author

considers the right approach for the problem (Doruk, 2016; Lesh et al., 2003).

The realistic nature of the problem situation in the activity allows students to find
more creative solutions and understand the problem more easily because they will
be familiar with it (Chamberlin & Moon, 2005).

To determine whether a model eliciting activity is in accordance with the reality

principle, the following questions can be asked (Lesh et al., 2003, p. 43):

e “Could this scenario happen in real-life situations?”

e “Will students be encouraged to understand the situation by their own
personal knowledge and experiences?”

e “Do students’ ideas be taken seriously, or are they expected to align with the
teacher’s notion of the correct way on approaching about the problem

situation?”

It is crucial to consider that the interpretation of reality can vary significantly
between adults and children when examining the reality of the activity. Furthermore,
one child’s reality may differ from another’s (Doruk, 2019). Therefore, a problem is
not expected to be meaningful for all students, and no situation is expected to be
problematic for all students (Lesh & Caylor, 2007).

The model-eliciting activities in teaching mathematics can keep students’ interest
alive, attract their attention, and increase their motivation by establishing

connections with their daily lives (Kog, 2020). In addition, solving model-eliciting
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activities can increase the group’s motivation and contribute to their perseverance by
attracting the interest and attention of the individuals in the group in the process of

comprehending the problem situation (Zawojewski et al., 2003).

The model generalization principle (MGP) is also known as the construct
shareability and reusability principle (Lesh et al., 2000). This principle tells that the
elicited model should not only be useful and applicable to a particular situation, but
it should also be used for similar situations, shareable with other people (Chamberlin
& Moon, 2005; Doruk, 2016; Lesh et al., 2000; Lesh & Caylor, 2007).

To determine whether a model eliciting activity provides the model generalization

principle, answers are sought to the following questions (Lesh et al., 2000, p. 32):

e “Is the developed model applicable only to the specific situation in the
problem and useful only for the person who created it?”

e “Does the problem situation make students recognize the need for the model
to be reusable, shareable, transportable, and easily modifiable for different

situations?”

The modeling activities that meet this principle require students to ensure that they
develop models that are generalizable instead of developing personal models or
producing single-purpose ways of thinking (Lesh et al., 2000; Lesh & Doerr, 2003a).

According to this principle, for the solution to be successful, the created model can
also be reused and generalized to other situations that require a similar model
(Chamberlin & Moon, 2005). These types of problems prompt students to provide
descriptions, explanations, or prediction procedures that others can apply in different
contexts, highlighting more potent applications of mathematics compared to
problems that do not require any form of generalization (Lesh et al., 2000).
According to Lesh and Caylor (2007), this principle provides that the model should
not only be useful for a particular situation but also be shareable with other people

and reusable or generalizable for different purposes.
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The simple prototype principle (SPP) is also known as the effective prototype
principle (Lesh et al., 2000). This principle indicates that the developed model should
be as simple as possible and mathematically meaningful (Lesh et al., 2000; Lesh &
Caylor, 2007). This principle requires that the model created by students can be
remembered by the students even after a long time. That is, it should be memorable
for students when they encounter structurally similar situations (Chan, 2008; Lesh &
Caylor, 2007; Lesh et al., 2000; Tekin Dede & Bukova Giizel, 2013b). Also, the
model constructed should be easily interpretable by others (Chamberlin & Moon,
2005).

To determine whether a model eliciting activity is in accordance with the simple

prototype principle, the following questions can be asked:

e “Does the solution offer a useful prototype or metaphor for interpreting
various other structurally similar situations?” (Lesh et al., 2003, p. 43)

e “Is the situation simplified as much as possible while still requiring a
significant model?” (Lesh & Caylor, 2007, p. 184)

e “Long after the problem has been solved, will students think back on it when
encountering other structurally similar situations?” (Lesh et al., 2000, pp. 33)

Based on this principle, Doruk (2019) states that since the purpose of MEAs is to
focus on mathematical concepts, the solution to the problem should not include
complex procedures at a level that will overshadow the students’ main goal.
Modeling activities that are effective and thought-provoking should be structurally
meaningful and important, but they do not need to be operationally complex. If not,
students may not remember the model they created before when they encounter
similar situations after a long time because they will not be able to realize the basic

conceptual structure due to procedural complexities.

The model externalization principle (MEP) is also known as the model
documentation principle (Lesh et al., 2003). This principle requires external
documentation of mathematical models of the solution process (Zawojewski et al.,

2003). The principle of model externalization emphasizes that students should be
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able to express their thinking processes during the work on MEAs. Also, these
processes should be documented in their responses (Chamberlin & Moon, 2005;
Lesh et al., 2000; Tekin Dede & Bukova Giizel, 2013b). This principle helps teachers
in assessing their students’ thinking regarding mathematical operations, relationships
and patterns, and final answers or models during the problem-solving process. It is
also beneficial for students as it facilitates their visualizations and enables them to
reflect on their thoughts (Chamberlin & Moon, 2005; Lesh et al., 2000; Lesh et al.,
2003).

To determine whether a model eliciting activity is in accordance with the model

externalization principle, the following questions can be asked:

o “Will the response necessitate students to explicitly reveal their thought
process concerning the provided information, goals, and possible solution
ways?” (Lesh & Caylor, 2007, p. 183; Lesh et al., 2003, p. 43)

o “Will it offer an “audit trail” that can be examined to understand the types of
systems (mathematical objects, relations, operations, patterns, and
regularities) that students were thinking with and about?” (Lesh et al., 2000,
p. 30)

In model eliciting activities prepared in accordance with this principle, students are
expected to create a written document that will clearly reveal their own thoughts
about the problem situation and possible solutions during the activity (Doruk, 2019).

The required problem-solving situations must go beyond simply prompting thoughts;
that is, they should also reveal the thought processes involved. This principle is the
rationale behind using the term “thought-revealing activities” to describe these
activities (Lesh et al., 2000).

Since students have the opportunity to evaluate themselves, this principle is directly
related to the principle of self-evaluation in terms of the need for students to evaluate
their solutions (Chamberlin & Moon, 2005; Lesh & Caylor, 2007; Tekin Dede &
Bukova Giizel, 2013b).
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The self-evaluation principle (SEP) is also known as the self-assessment principle
(Lesh et al., 2000). It refers to the students’ self-evaluation of their solution process.
The self-evaluation principle requires that the purpose of the problem is clear and
suitable for the students’ levels (Chamberlin & Moon, 2005; Lesh et al., 2000; Urhan
& Dost, 2017).

According to this principle, students should be able to assess the appropriateness and
usefulness of their solution approaches independently, without the need for teacher
support or approval (Chamberlin & Moon, 2005; Lesh et al., 2000; Tekin Dede &
Bukova Giizel, 2013b). Also, this principle allows students to control the accuracy
of their own interpretations and conclusions in the activity and to decide for
themselves the model they have created that needs to be improved or revised (Doruk,
2019; Lesh et al., 2000).

Since students in a group may have different solutions and ideas in MEAs, this
principle contains information that enables students to choose the most appropriate
and useful solution from alternative possibilities and eliminate other ideas to achieve

the given purpose (Lesh et al., 2000).

Furthermore, during MEA implementation, teachers are expected to employ teaching
strategies that do not provide information about the correctness of students’ solution
approaches. Instead, they should facilitate self-evaluation by allowing students to
assess their own work (Doerr & English, 2006). According to Chamberlin and Moon
(2005), the self-evaluation principle is consistent with the development of creativity
since it is necessary for people engaged in creative work to be capable of self-
assessment. To determine whether a model eliciting activity is in accordance with

the self-evaluation principle, the following questions can be asked:

e “Does the problem statement strongly suggest suitable criteria for evaluating
the usefulness of alternative solutions?” (Lesh et al., 2000, pp. 27-28)

o “Will students be able to evaluate the strengths and weaknesses of alternative
solutions?” (Lesh et al., 2003, p. 43)
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e “Will students be able to determine when their responses are good enough?”
(Lesh etal., 2003, p. 43)

e “Is the purpose clear (what, when, why, where, and for whom)?” (Lesh et al.,
2000, p. 28)

e “Will students likely have confidence that their ideas will be taken
seriously?” (Lesh & Caylor, 2007, p. 182)

o “Will students believe the responses they are expected to give should align
with the teacher’s or author’s notion of the only “correct” approach to think
about the problem situation?” (Lesh & Caylor, 2007, p. 182)

e “Are students able to assess when their responses require improvement,
enhancement, refinement, or extension for a specific purpose?” (Lesh et al.,
2000, p. 28)

As a result, Lesh and others’ (2003) six design principles emphasize the key
characteristics of a good model-eliciting activity. They aim to increase the level of
revealing students’ thoughts and to enhance the effectiveness and quality of the
MEAs. Otherwise, the purpose of these principles is not to determine whether any
activity is a model-eliciting activity (Lesh et al., 2000; Lesh & Doerr, 2003a). The
design principles serve as a guide for the creative progression of new crafting MEA
problems. MEAs designed following these six principles possess distinct educational

and learning characteristics (Chamberlin & Moon, 2005).

Both Galbraith’s (2007) and Lesh et al.’s (2003) six modeling design principles are
frameworks for designing mathematical modeling activities and problems. A close
examination of these two frameworks shows that they have some similarities and
differences. Regarding the similarities between the principles, Lesh et al.’s (2003)
reality principle corresponds to Galbraith’s (2007) first principle, namely relevance
and motivation. Both principles recognize the importance of connecting
mathematical problems to real-world contexts. This emphasis helps make
mathematical modeling more relevant and engaging for students. Moreover, the self-

evaluation principle (Lesh et al., 2003) corresponds to Galbraith’s (2007) validity
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principle. Both principles involve checking the appropriateness in context and

mathematical accuracy of students’ responses through evaluation procedures.

On the other hand, there are some differences between these principles. According
to Galbraith (2007), the solution of mathematics for a basic problem and the
formulation of a solution process can be possible and feasible for students. Also, the
problem should be structured into sequential sub-questions to preserve the real
situation’s integrity. These principles are not stated in this way in the principles of
Lesh et al. (2003). On the other hand, Galbraith’s (2007) accessibility principle
emphasizes the importance of being able to derive specific questions from a general
problem statement. In contrast, Lesh et al.’s (2003) model construction principle
focuses on developing mathematical models to represent real-world situations.
Moreover, in contrast to Galbraith’s principles, Lesh et al. (2003) emphasize the
generalization of the model and the reusability of the elicited model in similar
situations. Also, unlike Galbraith’s principles, Lesh et al. (2003) give the importance
of expressing students’ thinking processes during MEA and documenting their
responses. In addition to this, the developed model should be mathematically
meaningful and as simple as possible, and students should remember the model even
after a long time (Lesh et al., 2003).

In summary, both modeling design principles aim to enhance the design of
mathematical modeling tasks by using different focuses and terminology. When
these principles are examined, it is concluded that the principles of Lesh and others
(2003) provide a broader and more comprehensive framework for designing
modeling activities. Indeed, the relevant literature shows that it is also widely used
in developing or assessing modeling tasks, or conducting research studies that focus
on issues around implementing mathematical modeling tasks. Therefore, in this
study, Lesh et al.’s (2003) design principles of MEA are used to determine the
compatibility of activities with the MEA design principles.
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2.2 Previous Research Studies on the Analysis of Mathematical Modeling

Activities in Teaching Materials and Textbooks

This part gives previous research studies related to the analysis of mathematical
modeling studies in teaching materials and textbooks in Turkey and other countries.

2.2.1 Previous Research Studies in Turkey

Doruk (2019) carried out a research study aimed at assessing the compatibility level
of problem-solving activities in the 5th-grade mathematics applications course
teaching material with the principles necessary for designing effective MEAs. This
study used the document analysis method to collect the data. A researcher and an
expert in the field of mathematics education examined 36 problem-solving activities
in the teaching material separately. Based on the relevant literature, the researchers
created a form that lists in detail the criteria to be provided for each principle by
using the content analysis to understand the compliance of activity with the MEA
design principles. The qualitative data obtained using this form consisting of 19
criteria were quantified, and descriptive analyses were performed. As a result of
these analyses, they found that the level of providing the MEA design principles was
above the intermediate level in general. It is concluded that the activities provide the
principles of effective prototype and reality at the highest level, while the principles
of model generalization and model construction have the lowest conformity level.
Also, the model documentation and self-assessment principles were higher than the

medium level in terms of the compatibility of the MEA design principles.

The activities in the secondary school mathematics practices course books (6th, 7th,
and 8th grades) were taught as part of the mathematics applications course since
2017 in Turkey. The published by the MoNE were examined by Saka and Alkan
(2022) based on the MEA design principles. By using the document analysis method,
the data were analyzed according to the MEA design principles. The results showed
that the self-evaluation principle was the lowest level of activities in the 6th and 7th-
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grade course books, while it was slightly above the intermediate level in the 8th-
grade course book activities. For all grade levels, the activities in the books
demonstrated more than moderately suitable for the model generalization principle,
and they were prepared in compliance with the principles of reality and effective
prototype. Regarding the model documentation principle, the activities in the 6th and
8th-grade course books were above the intermediate level, while those in the 7th-
grade course book were found to be below the intermediate level. To conclude, it
was determined that the activities in the course books for all three grade levels

generally met the design principles of MEA above the medium level.

The activities in the 9th-grade mathematics course book were analyzed by Urhan and
Dost (2017) according to the MEA design principles defined by Lesh and Doerr
(2003a), except for the effective prototype principle. The data source of the research
was the questions in the sections “Mathematics Workshop” and “Project” in the
ninth-grade mathematics course book. This book, prepared by MoNE (2013b),
comprises six units, including sets, equations and inequalities, functions, congruency
and similarity of triangles, right triangles and trigonometry, area of triangles and
vectors, and data, counting, and probability. While document analysis was used to
collect data, content analysis was used to analyze the data. Based on the results, it
was determined that 16 out of the 73 activities in the textbook are model-eliciting
activities. The results showed that the “Equations and Inequalities” unit contains the
most model-eliciting activities; on the other hand, none of the activities in the
“Congruency and Similarity of Triangles” and “Right Angled Triangle and
Trigonometry; Area of Triangles and Vectors” units could be defined as model-
eliciting activities. Also, it was found that none of the model-eliciting activities in
the textbook complied with all of the MEA design principles; only 5 out of 16
activities partially complied with the self-evaluation and model externalization
principles, and the rest fully adhered to the principles. The research findings
indicated that although the ninth-grade mathematics textbook is quantitatively rich

in terms of principle-based model-eliciting activities, it is qualitatively insufficient.

38



Cavus-Erdem et al. (2017) conducted a research study to investigate how much
mathematical modeling is included in secondary school mathematics textbooks and
to what extent the concept of modeling reflects mathematical modeling. The data
source of the study was all grade levels (5, 6, 7, and 8) mathematics textbooks in the
2016-2017 academic year in Turkey. They were analyzed by document review and
content analysis method in terms of the learning area, the grade level, the section
where the model is used, and the type of model used. In this context, the code list
related to the model type before the analysis was determined as a concrete model,
equality/inequality, graphics, and other models in the research. According to the
results, modeling is considered as “modeling mathematics” rather than as a means of
mathematical modeling in middle school mathematics textbooks. In addition, it has
been determined that the concept of modeling is used intensively in some subjects,
while it is not used at all in some topics. In addition, it has been determined that the
concept of modeling is used a lot in some subjects in mathematics books. In contrast,
it is not used at all in some subjects and class levels, and the models used are limited
only to concrete and visual structures. Therefore, modeling in mathematics textbooks
aims to model mathematical concepts into concrete and visual forms instead of
mathematizing the problem. Based on these results, the researchers suggested that
the modeling approach in the textbooks should be revised to represent the purpose
of mathematical modeling by considering the focus on mathematical modeling in the

mathematics education program.

Tekin Dede and Bukova Giizel (2013b) conducted a case study to analyze the design
process of an MEA called Obesity Problem, created by four secondary school
mathematics teachers in accordance with the framework of MEA design principles.
The study’s data sources were the activity and transcriptions of the recorded
videotape. The content analysis method was used to analyze the video recordings,
while the document analysis method was used to analyze the activity. The
researchers examined the extent to which the activity aligns with the MEA design
principles without using specific tools. They determined whether the task was

completely appropriate, partially appropriate, inappropriate, and unidentifiable with
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the MEA design principles. Since this problem was not implemented in schools, the
effective prototype principle was not included in the analyses. The findings indicated
that the activity was completely appropriate for the principles of model construction,
reality, model externalization, and model generalization. However, it was partially
appropriate for the principle of self-evaluation. Also, the simple prototype principle
could not be identified. As a result, the teachers, who started the design process from
real-life situations, created a generalizable and appropriate model for secondary
school students.

El¢i (2020) conducted a case study to explore how well the model eliciting activities
developed by secondary school teacher candidates align with MEA design principles
proposed by Lesh et al. (2000). Thirty-eight senior university students taking the
Mathematical Modeling course participated in this study in eight groups. The
participants were selected by using a convenience sampling method. The data of this
study were eight model-eliciting activities and solution reports created by the groups.
The document analysis was used to analyze the activities and their analysis designed
by groups based on the design principles of MEAs, except for the effective prototype
principle. The compatibility of the activities with each principle was examined by

29 ¢c

coding them as “totally appropriate,” “partially appropriate,” and “inappropriate.”
The findings indicated that the designed MEAs complied with the reality principle
at the highest level. In contrast, they complied with the construct shareability and
reusability principle at the lowest level. As a result, it has been suggested that
candidates for secondary school mathematics teachers should gain more experience
by practicing more model-eliciting activities and implementing the model-eliciting

activities in the classroom.

Sen (2020) investigated the perspectives of primary education prospective
mathematics teachers regarding the design of mathematical modeling problems and
their experiences throughout the design process. The research study was conducted
as a part of the Mathematical Modeling in Primary Education course, and forty-nine
prospective mathematics teachers participated in this study. Qualitative research

design was used to collect data, and content analysis method was used to analyze
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data. The data set of the study included mathematical modeling activities and their
reports created by the prospective mathematics teachers. The mathematical modeling
activities were evaluated based on the mathematical modeling activity design
principles, including the principles of reality, model construction, self-assessment,
model documentation, model shareability and reusability, and effective prototype.
The findings revealed that prospective teachers encountered difficulties in designing
mathematical modeling problems that provided all the specified principles. All
teachers designed their mathematical modeling problems in connection with the
daily life scenarios. It was determined that 63% of the prospective teachers’ designed
mathematical modeling problems satisfied the principles of reality, model
construction, self-assessment, model documentation, and model shareability and
reusability. However, these problems did not fulfill the criterion of being effective
prototypes. Also, according to the prospective teachers, the process of designing the
mathematical modeling problems required a significant amount of time and they had

difficulties in constructing mathematical models and selecting appropriate subjects.

Kula Unver et al. (2018) conducted a research study to examine the factors
uncovered during the posing mathematical modeling activities by preservice
mathematics teachers. Twenty-seven preservice secondary school mathematics
teachers who took the Mathematical Modeling Course participated in the study by
forming their groups. Qualitative research method was used to collect the data and
content analysis method was used to analyze the data. The instruments of the study
were mathematical modeling problems created by the participants, and the reflection
papers about the processes of designing and solving the problems. Data analysis was
performed by two researchers by evaluating the data and identifying the codes
individually. The study’s findings indicate that participants took into account several
factors when formulating and solving modeling problems, including the
development of a mathematical model, relevance to real-life situations, being
understandable and interesting, integration of real-world data, and the inclusion of

visual elements. Their approach to solutions primarily focused on utilizing
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mathematical expressions, ensuring alignment with the modeling process, and being

relevance in real-life scenarios.

Bukova Guzel (2011) constructed a case study to analyze the preservice mathematics
teachers’ approaches to create and solve the mathematical modeling problems, the
suitability of the problems and their solutions for modeling. The participants were
thirty-five preservice secondary school mathematics teachers within six groups who
attended the Mathematical Modeling Course. Data sources of this study were
modeling problems prepared by teacher candidates, their group presentations and
transcript of video recordings. Data were analyzed by using qualitative analysis
methods in terms of the mathematical modeling processes, which are (i)
understanding the task, (ii) simplifying the task, (iii) mathematizing, (iv) working
mathematically using individual mathematical competencies, (v) interpreting and
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(vi) validating. Each processes were coded as “complete performance”, “insufficient
performance”, “incorrect displayed” or “no approach displayed”. As a result of the
study, participants created modeling problems that met the several criteria, including
relevance to real-life situations, adaptability these situations to mathematical
concepts, understanding and simplifying the problem, alignment with the
curriculum, appropriateness of students’ levels of mathematical knowledge, and
drawing attention. On the other hand, they faced challenges in the interpretation and

validation phases of the modeling process.

222 Previous Research Studies in Other Countries

Berget (2022) investigated Norwegian upper secondary school mathematics
textbook modeling tasks and national examination tasks in terms of modeling cycle
that could consist of different perspectives on mathematical modeling. This study
focused on identifying which steps of the modeling cycle are required to solve
modeling tasks in textbooks and national examinations and examining the
differences and similarities between the intended, enacted, and assessed curriculum.

The steps of the modified modeling cycle from Blum and Leif (2007) were
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constructing, simplifying/structuring, mathematizing, working mathematically,
interpreting, validating, and exposing. This study used the content analysis method
to analyze 152 tasks from the written national examination in 2014-2018 and 514
tasks from the three different textbooks. By using a modeling cycle to examine tasks,
it is possible to gain an understanding of how the various sub-competencies involved
in modeling are emphasized in both the textbooks and the national exam. According
to the results, the assessed curriculum (national exam tasks) and enacted curriculum
(textbook tasks) were related to the intended curriculum. Furthermore, there were
differences between the initial points of the modeling process in the intended

curriculum and the tasks presented in textbooks and exams.

Jung (2015) discussed the strategies employed by two middle school teachers and
their students during a semester as they engaged in modeling activities. Jung and
these two teachers create modeling lessons together using MEAs three times in
eleven weeks. Throughout the modeling activity, students presented the
mathematical strategies they found by working in groups, and the teachers analyzed
students’ work. The data sources of this study were audiotaped interviews and
discussions with the two eighth-grade teachers, along with their students’ written
reports. As a result of this study, they presented that the strategies were categorized
under six principles of the MEAs to ensure that the models comply with the design

principles as follows:

e The reality principle is related to whether students understand the task based
on their own real-life experiences.

e The effective prototype principle is about guiding students through inquiry
to develop a mathematically meaningful model.

e The model generalizability principle is related to the students’ creation of a
generalizable model.

e The model documentation principle is related to students documenting their

modeling processes.
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e The model construction principle is related to the process of developing
students’ models.
e The self-evaluation principle is related to students applying to peer review to

assess their own responses.

Meyer (2015) examined how well textbooks fulfill the promise of one specific
standard of CCSSI (2010), which is mathematical modeling. He analyzed 83 tasks
in two textbooks, which are a geometry textbook and an algebra 1 textbook published
by McGraw-Hill according to the Common Core State Standards for Mathematics
[CCSSM] high school modeling standard describes five different actions to complete
modeling tasks, namely, identifying essential variables in a situation, formulating
models from those variables, performing operations using those models, interpreting
the results of those operations, and validating the conclusions of those results
(CCSSI, 2010, p. 72). As a result of this study, while textbooks emphasize the
modeling actions of performing operations and interpreting results, they do not
emphasize the modeling actions of identifying variables, formulating models, and
validating conclusions. To conclude, these two textbooks provide specific
opportunities for both students and teachers to engage in modeling activities, while
other modeling opportunities remain unavailable for student learning and teacher

instruction.

Zwaneveld et al. (2017) evaluated the extent to which the tasks in the two most
frequently used Dutch upper secondary school mathematics textbooks, “Number and
Space” and “Modern Mathematics,” comply with the criteria for genuine
mathematical modeling with respect to modeling purposes which are explanation,
prediction, compression, inspiration, communication, unification, abstraction,
analysis, verification, exploration, decision, optimization, specification, realization
and steering and control (Van Overveld & Borghuis, 2013), and characteristic
modeling activities are conceptualizing, mathematizing, solving, interpreting,
verifying, validating, iterating, communicating, and reflecting (Perrenet &
Zwaneveld, 2012). Results showed that many of the modeling tasks did not meet

44



these criteria. The findings revealed that nearly all of the problem-solving tasks
involved context-based task-solving. Also, conceptualizing, mathematizing, and
interpreting occurred in almost 30% of the tasks, while the remaining five
characteristics of modeling activities were either rare or fully absent. In addition, the
results related to the presence of modeling purposes showed that while the analysis
and explanation purposes were included the most, optimization, decision, and
prediction followed this. Also, approximately 60% of the tasks did not have a

modeling purpose.

2.3  Summary of the Literature Review

The literature review provides a comprehensive overview of various aspects of
mathematical modeling in mathematics education. The fundamental concepts related
to this present study, including model, modeling, modeling approaches and
perspectives, specifically focusing on MEAs within the MMP framework are
presented in detail. Furthermore, the importance of modeling in mathematics
education and the role of mathematics textbooks in teaching and learning

mathematics are introduced.

The literature presents several previous research studies related to the analysis of
mathematical modeling activities in teaching materials and textbooks, both in Turkey
and other countries. These studies revealed both similarities and differences. In
Turkey, most of the research studies (Cavus-Erdem et al., 2017; Doruk, 2019; Saka
& Alkan, 2022; Urhan & Dost, 2017) have primarily focused on assessing the
compatibility of modeling activities in mathematics teaching materials and textbooks
with mathematical modeling design principles, mostly Lesh et al.’s (2000, 2003)
design principles of MEAs. Also, some of the research studies (El¢i, 2020; Kula
Unver et al., 2018; Sen, 2020; Tekin Dede & Bukova Giizel, 2013b) have examined
the modeling problems prepared by preservice teachers. Research studies in other
countries (Berget, 2022; Jung, 2015; Meyer, 2015; Zwaneveld et al., 2017) have

explored various aspects of mathematical modeling tasks and activities in textbooks
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and national examinations in terms of different perspectives, such as the modeling
cycle, modeling actions and standards, modeling purposes, and characteristics of
modeling activities. In studies conducted in other countries, university-level
mathematics textbooks are generally examined, while in Turkey, mostly elementary
school-level textbooks have been analyzed. These studies collectively provided
insights into the state of mathematical modeling within educational materials and

textbooks.
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CHAPTER 3

METHODOLOGY

The purpose of this study is to analyze the mathematical modeling activities in the
ninth-grade mathematics modeling activity book (MoNE, 2020a) based on their
compliance with the model-eliciting activities principles according to Lesh et al.
(2003). In the methodology chapter, the design of the study, data set, data analysis,
sample coding from the study, validity, and reliability are explained.

3.1  Design of the Study

In this study, the document analysis method is used to collect, review, and analyze
data. Document analysis is a qualitative research method that requires interpretation
and examination of data to comprehend the information in the documents and the
underlying concepts to provide empirical knowledge (Corbin & Strauss, 2008;
Rapley, 2007). Also, document analysis is a systematic procedure for reviewing or

evaluating printed and electronic documents (Bowen, 2009).

The data of the study is analyzed by the content analysis method. Content analysis
is a qualitative research method in which the systematic set of methods for the
rigorous analysis, investigation, and verification of the written data contents
(Fraenkel, Wallen & Hyun, 2011). To analyze the modeling activities in the
textbook, the design principles for model eliciting defined by Lesh and others (2003)

are used.

3.2 Data Set

The data set of the study is the ninth-grade mathematics modeling activity book
(MoNE, 2020a). MoNE (2020b) stated that the resources containing activities based
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on the area, life, and basic skills of the courses found in the course schedules of ninth
grades have been made available as of November 20, 2020, to provide resources to
students in order to minimize the learning losses of students during the COVID-19
pandemic. One of the books prepared for this purpose is the ninth-grade mathematics
modeling activity book (MoNE, 2020a).

The ninth-grade mathematics modeling activity book (MoNE, 2020a) covers the
units of the ninth-grade textbook except sets: logic, equations and inequalities,
triangles, and data. As a 127-page supplementary book, it consists of 47 modeling
activities, sample solution approaches to these activities. This activity book (MoNE,
2020a) does not provide particular information about which ninth-grade topic the
modeling activities are related to, and no topic/subject index is provided in the book.
The distribution of the modeling activities according to topics has been determined
by the researcher (see Table 1).

Table 1. The Distribution of the Modeling Activities According to Ninth Grade
Mathematics Topics

Unit Name The number of activities
Logic 1,2
Sets -
Equations and Inequalities 3,4,5,6,7,8,9,10,11, 12, 133, 14, 15,

16, 17,18, 19, 20, 21, 22, 23, 24, 25, 26,
27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37,
38, 39, 40,41, 44
Triangles 13b, 42, 43, 45
Data 46, 47

As can be seen from the Table 1, there are two activities from logic, none from sets,

40 from equations and inequalities, 4 from triangles, and 2 from data.

At the beginning of the book, the first two pages show the table of contents and the

page numbers of the sample solution approaches. After that, 47 modeling activities
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are presented, followed by sample solution approaches for these activities. Below,

some sample pages from the book are presented:

T.C. MILLI EGITIM BAKANLIGI
ORTAOGRETIM GENEL MUDURLUGU

Figure 1. Book Cover of Ninth Grade Mathematics Modeling Activity Book (MoNE,
2020a)
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Ortadgretim Genel Mudirlt

ICINDEKILER
IKRAMIYE KIMIN HAKKI? ... w3
KURA CEKIMI oovvvvvvvvervnen !
EV DEKORASYONU ..... .6
ZEYTIN YETISTIRICILIGI .. 7
HAVUZ... .8
ENER]IMI NASIL HARCAMALIYIM?.. 9
HAVUZ TEMIZLIGI ... L1
YESIL SEHIRLER.... S .12
OTEL HAVUZLARINDA BAKTERI ANALIZI VE i1 A(;I AMA oo 13
BAHGELIEV ... .14
YER CEKIMI KUVVETI .15
DENEME SINAVLARL......... .16

MAHALLEMIZIN VEFA SOSYAL DESTEK GRUBU GENCLERI ) 17
SPOR AKTIVITELER ..ot vsessessss s sssssesesssssssssseses st s sssssesesss e sssssesesssssssseses .19
KORONAVIRUS ... .20
YAKIT TUKETIMI oo .22
INDIRIM GUNLERI .o k!
KURBAN BAYRAMI....oooovvvvoererrrcinne .24
NOBET UCRETT oo .25
OYUNCAK SECIMI c.oovooooeooe .26

Figure 2. Table of Contents of the Ninth Grade Mathematics Modeling Activity
Book (MoNE, 20203, p. 1)

aogretim Genel Midurligi

ORNEK COZUM YAKLASIMLARI

[kramiye Kimin Hakki Ornek COZGm YAKIASIIIL .oouuuurvreeeesooresiceeemseseseseeessmesss e sesmsessesssssmsss s seses s seseenes 66
Kura Cekimi Ornek Coziim Yaklagimi.............
Ev Dekorasyonu Ornek Coziim Yaklasimi
Zeytin Yetistiriciligi Ornek Coziim Yaklasimi
Havuz Ornek Coziim Yaklagimi
Enerjimi Nasil Harcamaliyim Ornek Céziim Y.lk]a;ﬂn'n
Havuz Temizligi Ornek Coziim Yaklagimi
Yesil Sehirler Ornek Céziim Yaklagimi
Otel Havuzlarinda Bakteri Analizi ve flaglama Ornek Coziim Yaklasimi
Bahgeli Ev Ornek Coziim Yaklasimi
Yer Cekimi Kuvveti Ornek (éziim Yaklagimi
Deneme Sinavlart Ornek COzIm YaKIasimL . ...
Mahallemizin Vefa Sosyal Destek Grubu Gengleri Ornek Céziim Yaklagimi ..
Spor Aktiviteleri Ornek Céziim Yaklagima ...
Koronaviriis Ornek Coziim Yaklagimi ......
Yakit Tiiketimi Ornek Céziim Yaklagimi
Indirim Giinleri Ornek Céziim Yaklagimi
Kurban Bayrami Ornek Céziim Yaklagimi ...
Nobet Uereti Ornek Coziim Yaklagimi

Ovyuncak Secimi Ornek Coziim Yaklasimi
Kumas Boyama Ornek Coziim Yaklagimi

Figure 3. Sample Solution Approaches of the Ninth Grade Mathematics Modeling
Activity Book (MoNE, 20204, p. 2)
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Ortadgretim Genel Mudurligi

Ziiccaciye magazasi sahibi olan Selma Hanim’ in magazasinda Kemal, Selim ve Burcu adli tig ¢alisan:
vardur.

Selma Hanim bir giinde en az 1000 Tiirk lirasi satig yapan ¢alisanlarina ikramiye verecegini séylemistir.
Giiniin sonunda kasada 2728 Tiirk liras1 para birikmistir ancak kimin ne kadarlik satig yaptig1 bilinme-
mektedir.
Asagida verilen ifadelerin dogru oldugu kabul edilsin.

o fkramiye Kemal’in hakk: degildir veya Selim’in hakkidir.

o Tkramiye Selin'in hakki degildir ya da Burcunun hakkidur.

o [kramiye hem Kemal’in hem de Burcu'nun hakk degil ise Selim’in hakkidur.

ikramiyeyi hak eden kisinin kim ya da kimler oldugunu bulamayan Selma Hanim’a bu konuda yar-
dima olacak bir modelleme yapiniz.

Figure 4. Sample Modeling Activity from the Ninth Grade Mathematics Modeling
Activity Book (MoNE, 2020a, p. 3)
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ogretim Genel Mid(rlligu

ikramiye Kimin Hakki: Ornek Coziim Yaklasimi

p» q ve r 6nermeleri asagidaki gibi tanimlansin:
p: “Ikramiye Kemal'in hakkidir”

q: “Ikramiye Selim’in hakkidir”

r: “Tkramiye Burcu'nun hakkidir”

Bu 6nermeleri kullanarak elde edilen

i)p'vg

ii) q' ¥r

iii) (p'Ar')=q

bilesik onermelerinin dogruluk tablosu asagida verilmistir:

Po|a |r P |q | [ PAY PV | @Y [ (p'AT) =g
0 0 0 0 1 1 1
1 1 0 0 0 1 0 1 0 1
1 0 1 0 1 0 0 0 0 1
1 0 0 0 1 1 0 0 1 1
- 1 0 0 0 1 1 1
0 1 0 1 0 1 1 1 0 1
olofl1l1]1]o] o 1 0 1
0 0 0 1 1 1 1 1 1 0

Elde edilen bilesik onermelerin ti¢iintin de dogru oldugu iki durum vardir:
l.durum: p=1,g=1,r=1

2, durum: p=0,q=1,r=1

Kasada biriken para 2728 lira oldugundan sadece 2 kisi ikramiye alacaktir. 2. duruma gore ikramiye
Selim'in ve Burcu’'nun hakkidir.

Figure 5. Sample Solution Approach from the Ninth Grade Mathematics Modeling
Activity Book (MoNE, 2020a, p. 66)

3.3  Data Analysis

In this study, modeling activities are analyzed considering the following design
principles of model eliciting activities: model construction, reality, model
generalization, simple prototype, model externalization, and self-evaluation
principles proposed by Lesh et al. (2003). To determine whether a model eliciting
activity comply with the design principles, a form, developed by Doruk (2019) was
adapted and used. Doruk (2019) developed this form with the help of the relevant
literature (e.g., Lesh et al., 2000; Lesh et al., 2003). The original form is in Turkish
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and is given in Appendix A. It has been adapted from Turkish to English. The form
contains 19 criteria in total. There are five criteria for the model construction
principle, four for the reality principle, two for the model generalization principle,
three for the simple prototype principle, two for the model externalization principle,
and three for the self-evaluation principle. Also, the researcher analyzes modeling
activities by categorizing them according to the units of ninth grade mathematics
textbook. To do this, the researcher solves the modeling activities at first, and then
decides which modeling activity belongs to which unit by examining the solution

approaches.

In the form (Doruk, 2019), some of the criteria did not allow for a clear and complete
analysis. To better understand and clarify these criteria, Doruk has been contacted
via e-mail. B. K. Doruk stated that “the criteria were developed in Turkish format by
examining studies in the literature, primarily referencing the work of Lesh and others
(2000; 2003). Therefore, the source of these items is originally from English texts,
which may not be entirely clear in our culture” (personal communication, May 16,
2023). Therefore, in this study, the criteria that are not clearly understood have been
clarified with the help of relevant literature. For example, an ambiguous criterion
“the framework of the task is clear,” which is one of the criteria related to the self-
evaluation principle, has been clarified as “the purpose is clear (what, when, why,
where, and for whom)” according to Lesh et al. (2000, p. 28). See Table 2 for the
form adapted from Doruk (2019).

Although some of the studies conducted in this field did not examine the activities
in terms of the effective prototype principle (El¢i, 2020; Tekin Dede & Bukova
Giizel, 2013b; Urhan & Dost, 2017) by indicating that a certain amount of time must
elapse after the completion of the activity for the evaluation of this principle, the
evaluation criterion form proposed by Doruk (2019) is used in this study included
the effective prototype principle criteria by stating that this principle can be evaluated

by experts even if the activity is not applied.
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Table 2. Sub-criterion of MEA design principles

Principle Sub- Sub-criterion

criterion

number
The Model MCP1 The task puts students in a situation where they
Construction recognize the need to develop a model for
Principle interpreting the givens, goals, and possible solution
(MCP) processes in a complex problem-solving situation.

MCP2 The task does not lead students to produce only an
answer to a question that was formulated by others.

MCP3 The task creates the need for students to revise,
correct, explain, and modify the developed model.

MCP4 The task explicitly states that students need to
develop a model for solving the problem.

MCP5 The task supports developing the most appropriate
symbolic descriptions of meaningful situations
instead of making meaning out of symbolically
stated questions.

The Reality RP1 The problem situation included in the task could
Principle (RP) really happen in a real-life situation.

RP2 The problem situation included in the task has a
structure that can be perceived as realistic for the
students.

RP3 Students can make sense of the situation based on
extensions of their own personal knowledge and
experience.

RP4 During the solution process, students’ ideas are

taken seriously, and they are not forced to follow the
way that the author considers the right approach for
the problem.
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Table 2. (cont’d)

Principle Sub- Sub-criterion

criterion

number
The Model MGP1 The task allows the developed model to be useful not
Generalization only to the person who developed it and applicable
Principle only to the particular situation presented in the
(MGP) problem but also to be used in other similar

situations.

MGP2 The task leads students to think about creating
models that can be shareable, transportable, easily
modifiable, and reusable.

The Simple SPP1 The problem situation is kept away from complexity
Prototype in a way that allows the student to produce a logical
Principle response and develop a prototype.

(SPP)

SPP2 The solution provides a useful prototype, or
metaphor, for interpreting other structurally similar
situations.

SPP3 The solution to the problem does not include
complex computational procedures at a level that
would prevent noticing conceptual relationships that
are essential for dealing with the intended structure
of the task.

The Model MEP1 The response to the problem is in a way that reveals
Externalization explicitly how students are thinking during the
Principle modeling process.

(MEP)
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Table 2. (cont’d)

Principle Sub- Sub-criterion

criterion

number
The Model MEP2 The problem requires students to create a document
Externalization that clearly reveals their own thoughts and solution
Principle approaches regarding the problem situation during
(MEP) the solution process.
The Self- SEP1 Students can check the accuracy of their
Evaluation interpretations and conclusions while performing
Principle the task and decide whether any improvements or
(SEP) corrections are necessary.

SEP2 The problem statement strongly suggests
appropriate criteria for assessing the usefulness of
alternative solutions.

SEP3 The purpose is clear (what, when, why, where, and

for whom).

Note. Adapted from Doruk (2019)

Using the adapted form developed by Doruk (2019), the compatibility of each
modeling activity is coded as “completely compatible,” “partially compatible,” or
“incompatible.” When coding activities according to principles, for each principle, 2
points are given if it is completely compatible, 1 point if it is partially compatible,

and 0 if it is not compatible at all.

There are a total of 47 activities in the ninth-grade mathematics modeling activity
book. Since the activity numbered 13 had two different sub-questions, this activity

is divided into 13a and 13b. That is, the number of activities to be examined is 48.

The researcher conducts the coding procedure. At first, coding is done together with
an associate professor who is an expert in the field of modeling. Thanks to this, it

enables the researcher to understand the criteria of the principles better and learn
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how to analyze the activities according to these criteria. In this data analysis process,
three activities (7, 13a, and 21) are used. After that, another researcher, who holds a
master’s degree in mathematics education and writes a thesis about mathematical
modeling, is asked to code according to the coding form to provide inter-rater
reliability. At this stage, nine activities (2, 5, 22, 27, 32, 34, 36, 37, 38) are used.
Later, the researchers compare the coding, and the different codes are reviewed

again, and a compromise is reached on the conflicting coding results.

In the process of analyzing the modeling activities, each one of the activities are
solved by the researcher, and sample solution approaches in the book are also
examined. Examining the solution approaches supports data analysis in terms of
determining if and how the activity meet the criteria for each MEA design principles.
For example, while deciding on the suitability of the activity to the model
generalization principle, sample solution approaches show whether it is a
generalizable or reusable model. Also, for the simple prototype principle, these
solution approaches allow us to determine whether the solutions provides a useful

prototype or metaphor for interpreting other structurally similar situations.

The data obtained as a result of coding are qualitative. To interpret the compatibility
levels of the modeling activities to the MEA design principles by descriptive
statistical methods, it is necessary to convert qualitative data into quantitative data
with the help of some calculations. To do this, the total score obtained from the
criteria of each principle is calculated and divided into the highest total score that
can be obtained from the criteria of that principle. Finally, the sum of the scores
obtained for each principle is divided by the highest score that can be obtained from
all criteria. In this way, a score, which is between 0 and 1 is obtained that shows the
compatibility level of a modeling activity for each principle. Through this
calculation, the qualitative findings obtained through the examination of each
activity are digitized (Doruk, 2019). This final score gives the general compatibility
of the modeling activities for the design principles of MEA. Thanks to this, the
compatibility of the activities to the MEA design principles can be analyzed by
descriptive statistical methods with the help of MS Excel. If a score approaching 1

57



indicates that the modeling activity has a high level of compatibility with the design
principles; otherwise, the score approaching 0 shows that the level of compatibility

is decreasing.

According to the literature (Doruk, 2019), the following scoring system is used when

identifying the compliance of the activities with the MEA design principles:

Table 3. Scoring criteria for the level of compatibility with MEA design principles

The range of score  The level of compatibility with MEA design principles

0-0.25 Low level
0.25-0.50 Moderate
0.50-0.75 Above average

0.75-1 High level

Note. 0.50 is accepted as medium level

At the end of data analysis, the modeling activities are interpreted according to this
scoring criteria to determine the level of compatibility with MEA design principles.

Analyses are presented on the basis of units and as a whole book.

3.4  Sample Coding from the Study

To show the sample coding from the study, Activity 13a, titled “Youth of our
Neighborhood’s Vefa Social Support Group” is given below to be analyzed.
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Ortadgretim Genel Mudirlugi_ MATEMATIK 9

MAHALLEMIZIN VEFA SOSYAL DESTEK GRUBU GENCLERI

Koronaviriis (Covid-19) salginiyla miicadelede iilkemiz pek gok tedbir almig ve almaya da devam etmek-
tedir. Bu tedbirlerden biri de Saglik Bakanhg ve Koronaviriis Bilim Kurulu kararlan dogrultusunda; Icis-
leri Bakanhigimizca ulkemiz genelinde dncelikli risk grubunda bulunan 65 yay ve iisti1 ile kronik hastahg
bulunan yaghlarimizin sokaga cikmalarinin yasaklanmasi uygulamasidir.

Kronik hastaligi bulunanlara ve yaghlarimiza viriis bulagmasini énlemenin yolu, vatandaglarimizin go-
niilla olarak kendilerine karantina uygulamalandir.

Gegmigi gelecege tasiyan, gegmisin canh gahitleri olan yaghlarimiz 6zenle korumaliyiz. 65 yag ve st
olan bitytiklerimizden maddi durumu iyi olmayan, kronik rahatsizhg bulunan, evlerinde ihtiyaclanim
kargilayacak yakinlar bulunmayanlann sokaga ¢tkmadan temel ihtiyaclarinin kargilanmas: amaciyla al-
kemiz genelinde Vefa Sosyal Destek Gruplan kurulmugtur.

112, 155 ve 156'ya bu vatandaglarimizdan gelen ¢agn ve talepleri yerine getirmek icin Vefa lletisim Mer-
kezlerimizde gorevli polis, jandarma, belediye, AFAD, Kuzilay ve sivil toplum kuruluslanimizin ekipleri
yogun bir gayret géstermektedir.

Vefa Sosyal Destek Grubu caligmalarina destek vermek amaciyla mahallelerinde ikamet eden 65 yas tisti
olan Hasan amcay, Tuna 2, Tolga 4, Tilay 5 giinde bir ziyaret ederck ihtiyaglarin: karyilamaktadir. Ikinci
kez birlikte 7 Eyliil Pazartesi giint ziyaretlerini gergeklegtirdikten sonra Tolga rahatsizlanarak ziyaret-
lerine ara vermek zorunda kalr. Tuna ve Tolga' nin ziyaretlerinin ¢akigtifs ginlerde tek ziyaret olmak
tizere Tolga rahatsizlanmasayds igiincii kez birlikte ziyaret yapacaklan giine kadar Tuna, Tolga'min yerine
ziyaretleri gergeklestirir.

Hasan amcanin evi Tuna, Tolga ve Tilay"in evlerini ikiger ikiger birlegtiren dogrusal yollarin olusturdugu
tiggenin kenarortaylarinin kesisme noktasindadir.

1. Tuna, Tolga ve Talay birlikte iigiincii ziyaretlerini yaptiktan sonra gorevlerini Emre, Eray ve Erdeme
devrediyor.

Ziyaretlerini sirastyla 3, 5 ve 6 giin araliklarla gerceklestiren Emre, Eray ve Erdem’e Hasan amcay:
ziyaret edecekleri ilk giinlerini bulmada yardima olunuz.

Figure 6. Activity 13a from the textbook (MoNE, 2020a, p.17)

The English version of the activity is as follows:

59



Our country has taken and continues to take many measures in the fight against the coronavirus
(Covid-19) pandemic. One of these measures is the implementation of banning elderly people aged
65 and older, who are in the priority risk group, as well as individuals with chronic diseases, from
going out on the streets by the Ministry of Internal Affairs in accordance with the decisions of the
Ministry of Health and the Coronavirus Science Board throughout the country.

The way to prevent transmission of the virus to those with chronic diseases and to our elderly is

for our citizens to apply quarantine to themselves voluntarily.

We must carefully protect our elders, who carry the past into the future and serve as living
witnesses of the past. To meet the basic needs of our elders who are 65 years old and older,
especially those who have financial difficulties, chronic diseases, and do not have relatives to meet
their needs at home, Social Support Groups called “Vefa” have been established throughout our

country to meet their basic needs without going outside.

The teams of the police, gendarmerie, municipality, AFAD (Disaster and Emergency Management
Authority), Turkish Red Crescent (Kizilay), and non-governmental organizations working in our
Vefa Communication Centers are making intensive efforts to fulfill the calls and requests received

from these citizens through 112, 155 and 156.

To support the activities of the Vefa Social Support Group, Hasan, an elderly individual over the
age of 65 residing in their neighborhood, is visited by Tuna every two days, Tolga every four days,
and Tiilay every five days to meet their needs. After their second visit together on Monday,
September 7th, Tolga falls ill and has to temporarily take a break from his visits. On the days when
Tuna and Tolga’s visits coincide, Tuna takes over the visits instead of Tolga, if Tolga had not been

ill until they were supposed to visit together for the third time.

Hasan’s house is located at the intersection of the medians of the triangle formed by linear paths

that connect the houses of Tuna, Tolga, and Tiilay in pairs.

1) After Tuna, Tolga, and Tulay make their third visit together, they transfer their duties to Emre,
Eray, and Erdem.

Help Emre, Eray, and Erdem, who visit Uncle Hasan at intervals of 3, 5, and 6 days

respectively, to find their first day to visit him.

Figure 7. The English Version of the Activity 13a (MoNE, 2020a)
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Table 4 is given below to demonstrate the evaluation of Activity 13a in terms of the

MEA design principles criteria.

Table 4. Evaluation of the activity 13a in terms of the criteria of MEA design
principles

Sub-criterion*  Point** Explanation

MCP1 0 This question can be solved mathematically
using the least common multiple without the
need for a model.

MCP2 1 The task does not ask students to produce only
an answer to this question formulated by others.
However, it has only one correct result; that is,
everyone who solves it will reach this same
result.

MCP3 0 The task is incompatible according to the third
criterion of the model construction principle
since it does not put students in a situation where
they will need to review, correct, explain and
modify the developed model.

MCP4 0 The task does not explicitly state that students
should develop a model to solve the problem
because there is no statement in the question
about the necessity of creating a model either.
Therefore, it is incompatible with this criterion.

MCP5 0 The question does not support developing
symbolic descriptions of the problem situation.
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Table 4. (cont’d)

Sub-criterion*

Point**

Explanation

RP1

RP2

RP3

RP4

During the coronavirus pandemic, social support
centers have been opened to help the elderly and
disabled people, but for children who do not
experience this period, there may not be a
situation that they can encounter in real life.
The problem situation does not have a structure
that can be perceived as completely realistic for
students.

Students who have experienced the coronavirus
pandemic can make sense of the situation based
on extensions of their own personal knowledge
and experience.

Students do not have to follow the author’s
solution approach during the solution process,
but since the correct result is clear and single,

students’ ideas do not change this result.

MGP1

MGP2

It can enable the use of the greatest common
divisor (GCD) and least common multiple
(LCM) for similar periodic condition problems,
but it is not applicable or useful for every similar
condition.

The question does not lead students to create a
shareable, transportable, easily modifiable, and

reusable model.

SPP1

The problem situation is not suitable for
generating a logical response and developing a
prototype.
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Table 4. (cont’d)

Sub-criterion*  Point** Explanation
SPP2 0 The solution does not provide a useful prototype
for interpreting other structurally similar
situations.
SPP3 2 In solving the problem, it is expected that three

of the students will find the day they visited
together using LCM and then determine the days
of new visitors according to the result. This does

not require complex calculation procedures.

MEP1 1 Since the students are not asked to explain their
thoughts or prepare a report on the question, it
does not reveal how they think during the
modeling process. However, it may be
understandable by their solutions.

MEP2 0 In the question, the requirement for students to
create a document is not clearly stated.

SEP1 1 While students can check the accuracy of their
results themselves, there is no situation in which
they can decide whether it is necessary to correct
or improve them.

SEP2 0 Since the problem statement is not open to
assumptions and different ways of solution, it
does not propose criteria suitable for alternative
solutions.

SEP3 2 The purpose of the question is clear.

*: MCP: “Model Construction Principle”, RP: “Reality Principle”, MGP: “Model Generalization
Principle”, SPP: “Simple Prototype Principle”, MEP: “Model Externalization Principle”, SEP: “Self-
Evaluation Principle”

**: 0: “incompatible”, 1: “partially compatible”, and 2: “completely compatible”
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3.5  Validity and Reliability

In qualitative research studies, validity and reliability are essential considerations to
ensure the findings’ credibility and trustworthiness (Fraenkel et al., 2011). While
they are often associated with quantitative research, they are also relevant in

qualitative research.

Validity is considered the appropriateness, usefulness, correctness, and
meaningfulness of the particular inferences researchers derive from the data they
gather, while reliability is considered the consistency of the scores or inferences over
time, location, and circumstances (Fraenkel et al., 2011). Also, reliability is
considered as the degree of consistency in the obtained scores, individuals across
multiple administrations of an instrument, and across different sets of items
(Fraenkel et al., 2011).

For qualitative studies, reliability corresponds to inter-rater reliability (Lincoln &
Guba, 1985). Inter-rater reliability refers to the degree of agreement among different
researchers who analyze the same data. Researchers can enhance inter-rater

reliability by providing clear guidelines and definitions for coding and interpretation.

In the evaluation of the model-eliciting activities in the ninth-grade mathematics
modeling activity book, the activities of two researchers working in the field of
mathematics education are scored separately in terms of coding criteria of MEA
design principles described in Table 2. Later, the scores are examined, and it is
determined that the scoring values of the two researchers are largely compatible.
Internal reliability is ensured by reviewing the criteria that differed in scoring and

reaching a consensus on scoring.

There are a total of 48 activities in the ninth-grade mathematics modeling activity
book. Nine of them (activity numbers: 2, 5, 22, 27, 32, 34, 36, 37, 38) are examined
together with another researcher. That is, 18.75% of the whole activities are coded
by two researchers. Since all activities have 19 different criteria, each coder makes

171 codes. Then, they come together to compare the coding results. Among 171
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coding, 19 contradictions are found. That is, the agreement level is 88.9% by using
inter-rater reliability formula (Miles & Huberman, 1994). To eliminate the
contradictions and reach an agreement, the two researchers come together again and
review the coding that is different. As a result of the discussion, they reached a
consensus on the different coding, and the level of agreement reached 100%. Thus,

inter-rater reliability is provided.
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CHAPTER 4

RESULTS

The study aims to analyze the mathematical modeling activities in the ninth-grade
mathematics modeling activity book (MoNE, 2020a) according to their compliance
with the design principles of model-eliciting activities proposed by Lesh et al.
(2003).

In this chapter, the findings obtained as a result of the analyses are presented.
Evaluation of compatibility of the activities in the ninth-grade mathematics modeling
activity book with the MEA design principles, which are model construction, reality,
model generalization, simple prototype, model externalization, and self-evaluation

is given separately.

4.1  Compatibility of the Activities in the 9" Grade Mathematics Modeling
Activity Book with the Design Principles of MEA

The mathematics modeling activity book, consisting of 48 activities, is examined
according to the design principles of model-eliciting activities. As a result of these
analyses, the descriptive statistical inferences of the findings obtained are presented

below in Table 5:

Table 5. General Evaluation of Compatibility Level of 9" Grade Mathematics
Modeling Activity Book with the Design Principles of MEA

MEA Design Principle Mean Min Max
The model construction principle 0.70 0.1 1
The reality principle 0.74 0.38 1
The model generalization principle 0.22 0 1
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Table 5. (cont’d)

MEA Design Principle Mean Min Max
The simple prototype principle 0.74 0.33 1
The model externalization principle 0.51 0 1
The self-evaluation principle 0.52 0.33 1

Table 5 shows the means of the compatibility levels obtained by considering all the
principles for the conformity of the modeling activities included in the ninth-grade
mathematics modeling activity book. Also, the minimum and maximum values on
the Table 5 show the lowest and highest values that modeling activities receive

according to the MEA design principles for each principle.

As aresult of the analyses, general mean is calculated by dividing the scores obtained
from the sub-criteria of all MEA design principles by the total score that can be
obtained from all criteria in the form. This value indicates the general compliance of
modeling activities with MEA design principles. It is found that the general mean of
compatibility of the activities in the ninth-grade mathematics modeling activity book
is 0.57. This shows that the ninth-grade mathematics modeling activity book
provides the design principles of MEA above the medium level which is 0.5.

As can be seen in Table 5, the principles that are determined to be at the highest level
are the principles of reality and simple prototype with a mean of 0.74. In contrast,
the principle at the lowest level is determined as the model generalization principle
with a mean of 0.22. The analysis of activities according to the design principles
shows that except for the model generalization principle, the mean scores for each
principle are above the medium level. The mean score for the principle of model

generalization is at a low level.

The compatibility level of 48 activities with the design principles of MEA in the
ninth-grade mathematics modeling activity book and the distribution of these
activities according to units is demonstrated in Table 6 below.
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Table 6. The Compatibility Level of Activities in the 9th Grade Mathematics
Modeling Activity Book with the MEA Design Principles and their Distribution
According to Units

Unitname Activity MCP RP MGP SPP MEP SEP Mean

number
o 1 0.6 0.63 0.25 083 05 0.5 0.58
éw 2 0.5 0.75 0.5 1 1 0.5 0.68
3 0.8 1 0 0.67 0.5 0.5 0.66
4 0.8 1 0 0.5 0.5 0.5 0.63
5 0.4 088 025 083 025 05 0.55
6 0.9 075 0 083 05 0.5 0.66
7 0.9 1 0.75 083 025 0.5 0.76
8 0.5 1 0 083 05 0.67 0.63
9 0.5 088 0 083 025 05 0.55
A 10 1 0.88 0.25 0.83 05 0.5 0.74
:c—% 11 0.9 038 1 1 0.5 0.5 0.71
;‘; 12 0.3 1 0.75 0.67 0 0.5 0.55
T 13a 0.1 0.38 0.25 033 025 05 0.29
(39
@ 14 0.9 088 05 083 025 05 0.71
'% 15 0.5 075 0 033 025 033 042
u% 16 0.6 0.75 O 0.67 025 05 0.53
17 0.5 0.88 0.5 083 025 05 0.61
18 0.9 088 025 083 05 0.5 0.71
19 0.4 0.75 O 083 025 05 0.5
20 0.5 088 O 083 075 0.5 0.61
21 0.8 063 075 083 1 0.5 0.74
22 0.6 0.5 0.25 1 1 0.5 0.63
23 0.9 0.75 0.25 0.67 05 0.5 0.66

MCP: Model Construction Principle, RP: Reality Principle, MGP: Model Generalization Principle,
SPP: Simple Prototype Principle, MEP: Model Externalization Principle, SEP: Self-Evaluation
Principle
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Table 6. (cont’d)
Unitname Activity MCP RP MGP SPP MEP SEP Mean

number
24 05 075 0 083 025 05 053
25 05 1 025 08 025 05 061
26 04 05 O 083 025 05 045
27 04 038 0 083 025 05 042
28 1 0.75 0 0.67 1 0.67 0.74
29 09 075 05 083 075 05 0.74
8 30 09 038 O 067 05 05 055
= 31 05 075 0 083 05 05 055
] 32 08 063 0 05 025 05 053
2 33 0.7 063 0 067 025 05 053
g 34 0.9 075 025 067 1 0.67 0.74
E 35 09 075 0 067 1 05  0.68
i) 36 1 088 05 05 1 0.83 0.82
37 05 075 0 033 1 05 053
38 1 088 025 05 1 1 082
39 09 088 O 067 05 05 0.66
40 05 075 0 067 025 05 05
41 09 075 0 067 05 05 0.3
44 07 08 025 08 05 05 066
13b 07 063 025 083 05 05 06l
g 42 08 038 075 08 075 05 066
& 43 08 038 025 08 05 05 058
- 45 1 063 025 083 075 05 071
» 46 08 088 025 083 025 05 066
g 47 06 1 025 08 025 05 063

MCP: Model Construction Principle, RP: Reality Principle, MGP: Model Generalization Principle,
SPP: Simple Prototype Principle, MEP: Model Externalization Principle, SEP: Self-Evaluation
Principle
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Table 6 shows that four out of 48 activities (13a, 15, 26, and 27) are at moderate
levels (between 0.25 and 0.50) in terms of meeting the design principles of MEA.
Also, only three out of 48 activities (7, 36, and 38) meet the design principles of
MEA at a high level (above 0.75). The remaining 41 activities take values between

0.50 and 0.75, which is above average.

According to Table 6, the compatibility level of 24 (50%) of the activities for MCP,
34 (70.8%) of the activities for RP, 5 (10.4%) of the activities for MGP, 29 (60.4%)
of the activities for SPP, 13 (27.1%) of the activities for MEP, and 2 (4.2%) of the
activities for SEP are at high level. If the activities at the moderate level of
compatibility are added to these values, the proportion of the activities above the
average compatibility for MCP, RP, MGP, SPP, MEP, and SEP become 87.5%,
87.5%, 20.8%, 93.7%, 60.4%, and 98%, respectively. Furthermore, the compatibility
level is at a low level for one of the activities in the MCP and MEP dimensions and
22 (45.8%) activities in the MGP dimension. The data analysis also shows that
activities 36 and 38 meet the design principles of MEA at the highest level, whereas

activity 13a meets the principles at the lowest level.

Table 6 shows that the least number of modeling activities belongs to the Units of
Logic and Data, and the most are from the Unit of Equations and Inequalities
according to the units in the ninth-grade mathematics curriculum. There are 2
activities from the Units of Logic and Data,, 4 from the Units of Triangles and 40
from the Units of Inequalities. There are no activities related to the Units of Sets in
the modeling activity book. Accordingly, modeling activities related to logic and
data are 4.17% of the activities in the book, equations and inequalities are 83.33%
and triangles are 8.33%.

Table 7. The Compatibility Level of Activities in the 9th Grade Mathematics
Modeling Activity Book with the MEA Design Principles According to the Units

Unit name MCP RP MGP SPP MEP SEP Mean
Logic 0.55 0.69 0.38 0.92 0.75 0.5 0.63
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Table 7. (cont’d)

Unit number MCP RP MGP SPP MEP SEP Mean
Equations and 0.69 0.76 0.19 0.72 0.5 0.53 0.62

Inequalities
Triangles 0.83 0.51 0.38 0.83 0.63 0.5 0.64
Data 0.7 0.94 0.25 0.83 0.25 0.5 0.64

Table 7 shows that all units are above average in terms of the compatibility of
activities to the principles of model construction, reality, simple prototype and self-
evaluation. On the other hand, the compliance of all units with the model

generalization principle is below average.

The compatibility of the model construction principle is highest for the Unit of
Triangles while it is at the lowest level for the Unit of Logic. From the point of view
of the reality principle, the Unit of Data has the highest compatibility, while the Unit
of Triangles has the lowest. The compliance of the activities with the model
generalization principle is low in general and it is higher in the Units of Logic and
Triangles than they are in the Unit of Equations and Inequalities. According to the
simple prototype principle, the Unit of Logic has the highest level of compatibility,
while The Unit of Equations and Inequalities has the lowest level. In terms of the
model externalization principle, there is a big difference between the highest and the
lowest level of compatibility. The Unit of Logic is at a high level with 0.75, while
the Data is at a low level with 0.25. The compatibility levels show similarities in the
self-evaluation principle. The highest and the lowest values are very close to each
other. The Unit of Equations and Inequalities is the highest with 0.53, while the other

subjects are at the same level with 0.50.

The following sections present values that show the extent to which the activities in
the modeling activity book are compatible with each of the design principles based

on each sub-criterion.
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411 Compatibility of the Activities in the 9" Grade Mathematics
Modeling Activity Book with the Model Construction Principle

The compatibility level of 48 activities in the ninth-grade mathematics modeling
activity book according to the model construction principle is given in Table 8 below.

Table 8. The Compatibility Level of Activities in the 9th Grade Mathematics
Modeling Activity Book with the Model Construction Principle

Activity MCP1 MCP2 MCP3 MCP4 MCP5 Mean
number

1 2 0 0 2 2 0.6
2 1 1 2 0 1 0.5
3 2 2 1 2 1 0.8
4 2 2 1 2 1 0.8
5 1 1 0 0 2 04
6 2 2 1 2 2 0.9
7 2 2 1 2 2 0.9
8 1 2 1 0 1 0.5
9 1 2 1 0 1 0.5
10 2 2 2 2 2 1
11 2 2 1 2 2 0.9
12 0 2 0 0 1 0.3
13a 0 1 0 0 0 0.1
13b 1 2 1 1 2 0.7
14 2 2 1 2 2 0.9
15 1 2 0 0 2 0.5
16 1 2 1 0 2 0.6
17 0 2 1 0 2 0.5
18 2 2 1 2 2 0.9
19 0 2 0 0 2 0.4
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Table 8. (cont’d)

MCP2 MCP3 MCP4 MCP5  Mean

MCP1

Activity

number
20
21

0.5

0.8

0.6

22
23

0.9

0.5

24
25
26
27

0.5

0.4

0.4

28
29
30
31

0.9

0.9

0.5

0.8

32

0.7

33
34

0.9

0.9

35

36

0.5

37

38

0.9

39

0.5

40
41

0.9

0.8

42

0.8

43
44

0.7
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Table 8. (cont’d)

Activity MCP1 MCP2 MCP3 MCP4 MCP5 Mean
number

45 2 2 2 2 2 1
46 2 2 1 1 2 0.8
47 1 2 1 0 2 0.6
Mean 0.66 0.90 0.48 0.51 0.91 0.70

MCP: Model Construction Principle

Table 8 shows that the criteria of model construction principle other than the third
criterion related to creating the need for students to review, correct, explain, and
change the developed model are above the medium level. Based on the scoring
criteria in Table 3, the second and fifth criteria are at a high level, the first and fourth,
related to the need to develop a model, are above the medium level, whereas the third

is moderate.

While 26 of 48 activities (54.2%) are completely compatible, 12 (25%) are partially
compatible, and 10 (20.8%) are incompatible with the first criterion (MCP1). It is
observed that tasks usually put students in a situation where they will realize the need

to develop models.

While 40 of 48 activities (83.3%) are completely compatible, 7 (14.6%) are partially
compatible, and 1 (2.1%) are incompatible with the second criterion (MCP2). That
is, since the answers to the questions are mostly specific and everyone will reach the

same result, the tasks ask students to answer a question formulated by others.

While 8 of 48 activities (16.7%) are completely compatible, 30 (62.5%) are partially
compatible, and 10 (20.8%) are incompatible with the third criterion (MCP3). It can
be said that the task usually does not create a need for students to review, correct,
explain, and change the created model.

While 20 of 48 activities (41.7%) are completely compatible, 9 (18.8%) are partially
compatible, and 19 (39.5%) are incompatible with the fourth criterion (MCP4). This

criterion is very close to the average, which means in some questions, students
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clearly are asked to develop a model to solve the problem, while in others, they do

not.

While 41 of 48 activities (85.4%) are completely compatible, 6 (14.6%) are partially
compatible, and 1 (2.1%) are incompatible with the fifth criterion (MCP5), which
indicates that the tasks expect students to develop the most appropriate symbolic
descriptions of meaningful situations instead of making sense out of symbolically

expressed questions.

According to Table 8, the 10th, 28th, 36th, 38th, and 45th activities meet the design
principles of MEA at the highest level, while activity 13a meets the design principles
of MEA at the lowest level. Considering the model construction principle, activity
38, one of the activities with the highest score, and activity 13a, which has the lowest

score, are examined in terms of the criteria related to the relevant principle.

The analysis of activity 13a (in Appendix B), which has the lowest score in the

dimension of the model construction principle, is given in the following table:

Table 9. Evaluation of Activity 13a in terms of the Model Construction Principle

Sub- Point” Explanation
criterion™
MCP1 0 This question can be solved mathematically using the

least common multiple without the need for a model.
That is, this activity directs students to find results rather
than putting them in a situation where they will
recognize the need to develop a model.

MCP2 1 The task does not ask students to produce only an
answer to this question formulated by others. However,
it has only one correct result; that is, everyone who

solves it will reach this same result.
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Table 9. (cont’d)

Sub- Point” Explanation
criterion™
MCP3 0 The task is incompatible according to the third criterion

of the model construction principle since it does not put
students in a situation where they will need to review,
correct, explain, and modify the developed model.

MCP4 0 The task does not explicitly state that students should
develop a model to solve the problem because there is
no statement in the question about the necessity of
creating a model either. Therefore, it is incompatible
with this criterion.

MCP5 0 The question does not support developing symbolic

descriptions of the problem situation.

*: 0: “incompatible”, 1: “partially compatible”, and 2: “completely compatible”
**. MCP: Model Construction Principle

The analysis of activity 38 (in Appendix B), which has the highest score in the

dimension of the model construction principle, is given in the following table:

Table 10. Evaluation of Activity 38 in terms of the Model Construction Principle

Sub- Point* Explanation
criterion**
MCP1 2 The task asks students to notice that they need to

develop a model to be able to interpret the given
numerical values contained in the tables and to
solve the complex problem situation.

MCP2 2 The answers to the questions in the task are clear,
but they do not lead the students to a solution that
has been formulated by others. Students can also
produce different answers to the question.
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Table 10. (cont’d)

Sub- Point* Explanation
criterion**

MCP3 2 Since it is indicated that “Explain in detail...” in
the question, this task creates the need for
students to explain the developed model.

MCP4 2 Since the task includes an expression that states,
“Create a mathematical model that explains...”,
it explicitly requests students to develop a
model.

MCP5 2 By making sense of the values given in the tables

in the questions, the task supports students to
reach the desired results with symbolic
representations created by themselves. That is, it
does not lead to make meaning out of

symbolically stated questions.

*: 0: “incompatible”, 1: “partially compatible”, and 2: “completely compatible”

**. MCP: Model Construction Principle

4.1.2 Compatibility of the Activities in the 9" Grade Mathematics
Modeling Activity Book with the Reality Principle

The compatibility level of 48 activities in the ninth-grade mathematics modeling

activity book according to the reality principle is given in Table 11 below.
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Table 11. Evaluation of Activities” Compatibility Level of 9th Grade Mathematics
Modeling Activity Book with the Reality Principle

Activity RP1 RP2 RP3 RP4 Mean
number

1 2 1 1 1 0.63
2 2 2 1 1 0.75
3 2 2 2 2 1
4 2 2 2 2 1
5 2 2 2 1 0.88
6 2 1 1 2 0.75
7 2 2 2 2 1
8 2 2 2 2 1
9 2 1 2 2 0.88
10 2 1 2 2 0.88
11 0 0 1 2 0.38
12 2 2 2 2 1
13a 1 0 1 1 0.38
13b 1 1 1 2 0.63
14 2 1 2 2 0.88
15 2 1 1 2 0.75
16 2 1 1 2 0.75
17 2 1 2 2 0.88
18 2 1 2 2 0.88
19 2 1 1 2 0.75
20 2 1 2 2 0.88
21 2 0 1 2 0.63
22 2 1 1 0 0.5
23 2 1 1 2 0.75
24 2 1 1 2 0.75
25 2 2 2 2 1
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Table 11. (cont'd)

Activity RP1 RP2 RP3 RP4 Mean
number

26 1 0 1 2 0.5
27 1 1 1 0 0.38
28 2 1 1 2 0.75
29 2 1 1 2 0.75
30 1 0 0 2 0.38
31 2 1 1 2 0.75
32 1 1 1 2 0.63
33 2 0 1 2 0.63
34 2 1 1 2 0.75
35 2 1 1 2 0.75
36 2 2 1 2 0.88
37 2 2 1 1 0.75
38 2 2 1 2 0.88
39 2 2 1 2 0.88
40 2 1 1 2 0.75
41 2 1 1 2 0.75
42 1 0 0 2 0.38
43 1 0 0 2 0.38
44 2 2 1 2 0.88
45 2 1 0 2 0.63
46 2 2 1 2 0.88
47 2 2 2 2 1
Mean 0.89 0.57 0.60 0.90 0.74

RP: Reality Principle

Table 11 shows that all criteria are above the medium level. As can be seen, the first
criterion (RP1) related to a real-life problem situation, and the fourth criterion (RP4)
is about the students being free in the solution approach are at a high level, and the
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second criterion (RP2) is about realistic problem structure and the third criterion
(RP3) related to the appropriateness of the questions to the students’ knowledge and

experiences are above the medium level based on the scoring criteria in Table 3.

The analysis of data shows that 39 of 48 activities (81.3%) are completely
compatible, 8 (16.7%) are partially compatible, and 1 (2.1%) is incompatible with
the first criterion of RP. That is, problem situations in activities can be expected to
really happen in a real-life situation.

While 15 of 48 activities (31.3%) are completely compatible, 25 (52.1%) are
partially compatible, and 8 (16.7%) are incompatible with the second criterion of RP.
As can be understood from these values, more than half of the activities are partially
compatible with this criterion. This indicates that some problem situations involved

in the tasks can be perceived realistically by the students, while others cannot.

While 14 of 48 activities (29.2%) are completely compatible, 30 (62.5%) are
partially compatible, and 4 (8.3%) are incompatible with the third criterion of RP. It
can be observed that students can make sense of the situation based on their own
personal knowledge and experience in a way that is above average.

Not all activities that could happen in real life seem realistic to students. At the same
time, it can also be interpreted by looking at the scores in Table 11, where most of
the situations that are realistic for students can be made sense of with their own

experience and knowledge.

While 41 of 48 activities (85.4%) are completely compatible, 5 (10.4%) are partially
compatible, and 2 (4.2%) are incompatible with the fourth criterion of RP. It can be

concluded that students’ ideas are mostly taken seriously during the solution process.

According to Table 11, the activities that provide the design principles of MEA at
the highest level are activities 3, 4, 7, 8, 12, 25, and 47, while the activities that
provide the design principles of MEA at the lowest level are activities 11, 13a, 27,
30, 42 and 43.

81



Considering the reality principle, Activity 12, which is one of the activities with the

highest score, and Activity 13a, which is one of the activities with the lowest score,

are examined in terms of the criteria related to the relevant principle.

The analysis of Activity 13a (in Appendix B), which has the lowest score in the

dimension of the reality principle, is given in the following table:

Table 12. Evaluation of Activity 13a in terms of the Reality Principle

Sub-criterion Point*

Explanation

RP1 1
RP2 0
RP3 1
RP4 1

During the coronavirus pandemic, social support
centers have been opened to help the elderly and
disabled people, but for children who do not
experience this period, there may not be a
situation that they can encounter in real life.
The problem situation does not have a structure
that can be perceived as entirely realistic for
students.

Students who have experienced the coronavirus
pandemic can make sense of the situation based
on extensions of their own personal knowledge
and experience while those who have not
experienced this period may not be able to
understand it.

Students do not have to follow the author’s
solution approach during the solution process,
but since the correct result is clear and single,

students’ ideas do not change this result.

*: 0: “incompatible”, 1: “partially compatible”, and 2: “completely compatible”

**. RP: Reality Principle

The analysis of activity 12 (in Appendix B), which has the highest score in the

dimension of the reality principle, is given in the following table:
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Table 13. Evaluation of Activity 12 in terms of the Reality Principle

Sub-

criterion**

Point*

Explanation

RP1

RP2

RP3

RP4

This activity is completely compatible with this
criterion for high school students who will
usually be preparing for the university exam
since they often take essay exams and take
private lessons or courses in different lessons
that they have difficulty understanding in their
daily lives.

The problem situation is in a structure that can
be perceived realistically because it is a situation
that students may often encounter in their daily
lives.

Students can make sense of the situation based
on their own personal knowledge and
experiences.

Students are not forced to follow the way the
author considers the right solution. On the
contrary, students are expected to explain the

answers they have found with their own ideas.

*:0: “incompatible”, 1: “partially compatible”, and 2: “completely compatible”

**. RP: Reality Principle

4.1.3 Compatibility of the Activities in the 9" Grade Mathematics

Modeling Activity Book with the Model Generalization Principle

The compatibility level of 48 activities in the ninth-grade mathematics modeling

activity book according to the model generalization principle is given in Table 14

below.
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Table 14. Evaluation of Activities” Compatibility Level of 9th Grade Mathematics
Modeling Activity Book with the Model Generalization Principle

Activity number MGP1 MGP2 Mean
1 1 0 0.25
2 1 1 0.5
3 0 0 0
4 0 0 0
5 1 0 0.25
6 0 0 0
7 2 1 0.75
8 0 0 0
9 0 0 0
10 0 1 0.25
11 2 2 1
12 2 1 0.75
13a 1 0 0.25
13b 1 0 0.25
14 1 1 0.5
15 0 0 0
16 0 0 0
17 1 1 0.5
18 1 0 0.25
19 0 0 0
20 0 0 0
21 2 1 0.75
22 1 0 0.25
23 1 0 0.25
24 0 0 0
25 1 0 0.25
27 0 0 0
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Table 14. (cont’d)

Activity number MGP1 MGP2 Mean
28 0 0 0
29 1 1 0.5
30 0 0 0
31 0 0 0
32 0 0 0
33 0 0 0
34 0 1 0.25
35 0 0 0
36 1 1 0.5
37 0 0 0
38 1 0 0.25
39 0 0 0
40 0 0 0
41 0 0 0
42 2 1 0.75
43 1 0 0.25
44 1 0 0.25
45 1 0 0.25
46 1 0 0.25
47 1 0 0.25
Mean 0.30 0.14 0.22

MGP: Model Generalization Principle

Table 14 represents that both criteria of the model generalization principle are below
the medium level. Based on the scoring criteria in Table 3, the first criterion (MGP1)
related to the usability of the developed model in other similar situations is
considered moderate, and the second criterion (MGP2) about the reusability and
shareability of the created models is considered low level. The data in the Table 14
shows that only five activities are completely compatible with MGP1, while half of
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the activities do not comply with it. This indicates that most of the models developed
at the end of the modeling process are useful only for the person developing it and
valid only for the specific situation presented in the problem. Table 14 shows that
the case for MGP2 is even worse. While 1 of 48 activities (2.1%) are completely
compatible, 11 (22.9%) are partially compatible, and 36 (75%) are incompatible with
MGP2. Only one activity completely complies with this criterion, while 36 (75%) of
activities are incompatible with the criterion. This indicates that almost none of the
tasks lead students to think about developing shareable and reusable models.

Considering the model generalization principle, Activity 11, which has the highest
score, and Activity 15, which is one of the activities with the lowest score, are
examined in terms of the criteria related to the relevant principle.

The analysis of Activity 15 (in Appendix B) with the lowest score in terms of the
model generalization principle is given in the following table:

Table 15. Evaluation of Activity 15 in terms of the Model Generalization Principle

Sub- Point* Explanation
criterion**
MGP1 0 The question asks how many daily PCR tests

should be done in order for additional
precautions to be taken, in your opinion. Since
the task does not lead students to a generalizable
model, the developed model is useful only for
this particular situation, not other similar

situations.

MGP2 0 In the activity, students are expected to solve a
specific situation; that is, they are not led to

create models that can be modified and reused.

*: 0: “incompatible”, 1: “partially compatible”, and 2: “completely compatible”
**. MGP: Model Generalization Principle
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The analysis of the Activity 11 (in Appendix B) with the highest score in terms of

the model generalization principle is given in the following table:

Table 16. Evaluation of Activity 11 in terms of the Model Generalization Principle

Sub- Point* Explanation
criterion**
MGP1 2 In the activity, students are expected to create a

mathematical formula by stating, “create a
mathematical formula that gives ...”. Since this
formula could be used in other similar situations,
the task leads students to develop a generalizable
model.

MGP2 2 Since the formula that students are expected to
develop is reusable and shareable, the task

directs students to construct such models.

*:0: “incompatible”, 1: “partially compatible”, and 2: “completely compatible”
**. MGP: Model Generalization Principle

414 Compatibility of the Activities in the 9" Grade Mathematics
Modeling Activity Book with the Simple Prototype Principle

The compatibility level of 48 activities in the ninth-grade mathematics modeling
activity book according to the simple prototype principle is given in Table 17 below.

Table 17. Evaluation of Activities” Compatibility Level of 9th Grade Mathematics
Modeling Activity Book with the Simple Prototype Principle

Activity SPP1 SPP2 SPP3 Mean
number

1 2 1 2 0.83
2 2 2 2 1
3 2 1 1 0.67
4 2 0 1 0.5
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Table 17. (cont’d)

Activity SPP1 SPP2 SPP3 Mean
number

5 1 2 2 0.83
6 2 1 2 0.83
7 2 2 1 0.83
8 2 1 2 0.83
9 2 1 2 0.83
10 2 1 2 0.83
11 2 2 2 1
12 2 0 2 0.67
13a 0 0 2 0.33
13b 2 1 2 0.83
14 2 1 2 0.83
15 1 0 . 0.33
16 2 0 2 0.67
17 2 1 2 0.83
18 2 1 2 0.83
19 2 1 2 0.83
20 2 1 2 0.83
21 1 2 2 0.83
22 2 2 2 1
23 2 0 2 0.67
24 2 1 2 0.83
25 2 1 2 0.83
26 2 1 2 0.83
27 2 1 2 0.83
28 2 0 2 0.67
29 2 1 2 0.83
30 2 0 2 0.67
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Table 17. (cont’d)

Activity SPP1 SPP2 SPP3 Mean
number

31 2 1 2 0.83
32 1 0 2 0.5
33 2 0 2 0.67
34 2 0 2 0.67
35 2 0 2 0.67
36 2 0 1 0.5
37 1 0 1 0.33
38 1 1 1 0.5
39 2 0 2 0.67
40 2 0 2 0.67
41 2 0 2 0.67
42 2 1 2 0.83
43 2 1 2 0.83
44 2 1 2 0.83
45 2 1 2 0.83
46 2 1 2 0.83
47 2 1 2 0.83
Mean 0.91 0.38 0.92 0.74

SPP: Simple Prototype Principle

Table 17 represents that the first criterion of the simple prototype principle (SPP1)
about the complexity of the problem situations, the third criterion (SPP3) is related
to whether the solution of the problem involves complex computational procedures
are high level, and the second criterion related to the solution that provides a useful

prototype is moderate.

While 41 of 48 activities (85.4%) are completely compatible, 6 (12.5%) are partially
compatible, and 1 (2.1%) is incompatible with SPP1. It can be concluded that most
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of the problem situations are free from complexity in a way that allows the student

to generate a logical response and develop a prototype.

While 6 of 48 activities (12.5%) are completely compatible, 25 (52.1%) are partially
compatible, and 17 (35.4%) are incompatible with SPP2. That is, most of the
solutions do not provide a useful prototype or metaphor for interpreting other

structurally similar situations.

Moreover, 41 of 48 activities (85.4%) are completely compatible, and 7 (14.6%) are
partially compatible with SPP3, and there are no activities that do not comply with
this criterion. It shows that most of the solutions to the modeling activities do not
involve complex calculation procedures so as not to prevent seeing the conceptual

relationships intended in the question.

According to Table 17, the activities that provide the design principles of MEA at
the highest level are activities 2, 11, and 22. In contrast, the activities that provide

the design principles of MEA at the lowest level are activities 13a, 15, and 37.

Considering the simple prototype principle, Activity 11, one of the activities with the
highest score, and Activity 13a, one of the activities with the lowest score, are

examined in terms of the criteria related to the relevant principle.

The analysis of Activity 13a (in Appendix B), which has the lowest score in terms

of the simple prototype principle, is given in the following table:

Table 18. Evaluation of Activity 13a in terms of the Simple Prototype Principle

Sub- Point* Explanation
criterion**
SPP1 0 The problem situation is not very complicated,

but it is not suitable for generating a logical

response and developing a prototype.
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Table 18. (cont’d)

Sub- Point* Explanation

criterion**

SPP2 0 The solution does not provide a useful prototype
for interpreting other structurally similar
situations.

SPP3 2 In solving the problem, it is expected that three

of the students will find the day they visited
together using Icm and then determine the days
of new visitors according to the result. This does

not require complex calculation procedures.

*:0: “incompatible”, 1: “partially compatible”, and 2: “completely compatible”
**. SPP: Simple Prototype Principle

The analysis of Activity 11 (in Appendix B) with the highest score in terms of the

simple prototype principle is given in the following table:

Table 19. Evaluation of Activity 11 in terms of the Simple Prototype Principle

Sub- Point* Explanation
criterion**
SPP1 2 The problem situation in this activity is clear and

uncomplicated, allowing the student to generate
a logical response and develop a prototype.
SPP2 2 In the problem situation, it is asked to develop a
mathematical formula as a solution. This
formula provides a useful prototype for

interpreting other structurally similar situations.
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Table 19. (cont’d)

Sub- Point* Explanation
criterion**
SPP3 2 In this problem, the conceptual relationships

expected to be noticed are root numbers and

exponential numbers. Here, the solution of the

problem does not involve complex calculation

procedures at a level that would prevent this.

*: 0: “incompatible”, 1: “partially compatible”, and 2: “completely compatible”
**. SPP: Simple Prototype Principle

4.1.5

Compatibility of the Activities in the 9" Grade Mathematics

Modeling Activity Book with the Model Externalization Principle

The compatibility level of 48 activities in the ninth-grade mathematics modeling

activity book according to the model externalization principle is given below:

Table 20. Evaluation of Activities” Compatibility Level of 9th Grade Mathematics

Modeling Activity Book with the Model Externalization Principle

Activity number

MEP1

MEP2

Mean
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0.5
1
0.5
0.5
0.25
0.5
0.25
0.5
0.25
0.5
0.5
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Table 20. (cont’d)

Activity number MEP1 MEP2 Mean
12 0 0 0
13a 1 0 0.25
13b 1 1 0.5
14 1 0 0.25
15 1 0 0.25
16 1 0 0.25
17 1 0 0.25
18 1 1 0.5
19 1 0 0.25
20 1 2 0.75
21 2 2 1
22 2 2 1
23 1 1 0.5
24 1 0 0.25
25 1 0 0.25
26 1 0 0.25
27 1 0 0.25
28 2 2 1
29 1 2 0.75
30 1 1 0.5
31 1 1 0.5
32 1 0 0.25
33 1 0 0.25
34 2 2 1
35 2 2 1
36 2 2 1
37 2 2 1
38 2 2 1
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Table 20. (cont’d)

Activity number MEP1 MEP2 Mean
39 1 1 0.5
40 1 0 0.25
41 1 1 0.5
42 1 2 0.75
43 1 1 0.5
44 1 1 0.5
45 1 2 0.75
46 1 0 0.25
47 1 0 0.25
Mean 0.58 0.44 0.51

MEP: Model Externalization Principle

Table 20 shows that the first criterion of the model externalization principle (MEP1)
is related to the fact that the response reveals the thoughts in the modeling process
are above the medium level, and the second criterion (MEP2) is related to whether it

requires them to create a document revealing their solution approaches is moderate.

Only one of the activities receives zero points from the first criterion (MEP1). Also,
9 of the 48 activities (18.75%) completely comply with this criterion, while 38 (79%)
partially comply. These values show that the compatibility of the modeling activities

is average in revealing how students think during the modeling process.

On the other hand, the second criterion (MEP2) is below the medium level, which is
considered as moderate. While 13 of the 48 activities (27%) are completely
compatible and 16 (33.4%) are partially compatible with this principle, 19 (39.6%)
are incompatible. These values show that the activities differ substantially in meeting
the design principles, meaning that although some activities require students to
document their thoughts and solution approaches, many modeling activities do not

request any explanations that would elicit students’ ways of thinking.
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According to Table 20, activity numbers 2, 21, 22, 28, 34, 35, 36, 37, and 38 provide
the design principles of MEA at the highest level, while activity number 12 provides
the design principles of MEA at the lowest level. Below, the compatibility of
activities 12 and 18 in meeting the model externalization principle is documented in

terms of the criteria related to the relevant principle.

The analysis of Activity 12 (in Appendix B), which has the lowest score in terms of

the model externalization principle, is given in the following table:

Table 21. Evaluation of Activity 12 in terms of the Model Externalization Principle

Sub- Point* Explanation
criterion**
MEP1 0 Students are asked to find out which course

Ahmet attended and how many times. The
answer given here does not reveal the students’
thoughts in the modeling process.

MEP2 0 The activity does not expect students to create a
document that clearly reveals their solutions.

*: 0: “incompatible”, 1: “partially compatible”, and 2: “completely compatible”
**. MEP: Model Externalization Principle

The analysis of the activity 38 (in Appendix B) with the highest score in terms of the

model externalization principle is given in the following table:

Table 22. Evaluation of Activity 38 in terms of the Model Externalization Principle

Sub- Point* Explanation
criterion**
MEP1 2 This activity involves statements like “Explain

the model to find which car Ms. Yeliz
should...”. That is, students are expected to

explain the created model in their own words.
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Table 22. (cont’d).

Sub- Point* Explanation
criterion**
MEP2 2 This activity involves statements like “Please

give a price offer by explaining in detail on the
table.” That is, the activity requires students to
create a document that clearly reveals their
thoughts and solution approaches during the

solution process.

*: 0: “incompatible”, 1: “partially compatible”, and 2: “completely compatible”
**. MEP: Model Externalization Principle

4.1.6 Compatibility of the Activities in the 9" Grade Mathematics
Modeling Activity Book with the Self-Evaluation Principle

The compatibility level of 48 activities in the ninth-grade mathematics modeling

activity book according to the self-evaluation principle is given in Table 23 below.

Table 23. Evaluation of Activities’ Compatibility Level of 9th Grade Mathematics
Modeling Activity Book with the Self-Evaluation Principle

Activity SEP1 SEP2 SEP3 Mean
number

1 1 0 2 0.5

2 1 0 2 0.5

3 1 0 2 0.5

4 1 0 2 0.5

5 1 0 2 0.5

6 1 0 2 0.5

7 1 0 2 0.5

8 2 0 2 0.67
9 1 0 2 0.5
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Table 23. (cont’d)

Activity SEP1 SEP2 SEP3 Mean
number

10 1 0 2 0.5

11 1 0 2 0.5

12 1 0 2 0.5

13a 1 0 2 0.5

13b 1 0 2 0.5

14 1 0 2 0.5

15 1 0 1 0.33
16 1 0 2 0.5

17 1 0 2 0.5

18 1 0 2 0.5

19 | 0 2 0.5

20 1 0 2 0.5

21 1 0 2 0.5

22 1 0 2 0.5

23 1 0 2 0.5

24 1 0 2 0.5

25 1 0 2 0.5

26 1 0 2 0.5

27 1 0 2 0.5

28 1 1 2 0.67
29 1 0 2 0.5

30 1 0 2 0.5

31 1 0 2 0.5

32 1 0 2 0.5

33 1 0 2 0.5

34 1 1 2 0.67
35 1 0 2 0.5
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Table 23. (cont’d)

Activity SEP1 SEP2 SEP3 Mean
number

36 2 1 2 0.83
37 1 0 2 0.5
38 2 2 2 1
39 1 0 2 0.5
40 1 0 2 0.5
41 1 0 2 0.5
42 1 0 2 0.5
43 1 0 2 0.5
44 1 0 2 0.5
45 1 0 2 0.5
46 1 0 2 0.5
47 1 0 2 0.5
Mean 0.53 0.05 0.99 0.52

SEP: Self-Evaluation Principle

Table 23 represents that the first criterion of the self-evaluation principle (SEP1)
related to the ability of students to control the accuracy of their interpretations and
conclusions results themselves is above the medium level based on Table 3. While
there are no activities that do not meet the first criterion, 45 (93.8%) of them provide
it partially. That is, students can check the accuracy of their results and decide
whether there is a need for correction. Moreover, the second criterion (SEP2) related
to whether the problem contains criteria for evaluating alternative solutions is at a
low level. Only three activities (6.25%) are partially compatible, and one (2.1%) is
completely compatible with this criterion. This shows that most of the problem
statements in the activities do not include appropriate criteria for evaluating the
usefulness of alternative solutions. On the other hand, the third criterion (SEP3)

about the clarity of the purpose is at a high level. Except for one, all of the activities
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are completely compatible with the third criterion of the self-evaluation principle,

clearly stating the purposes of the activities.

According to Table 23, the activity number that provides the design principles of

MEA at the highest level is 38, while the activity number that provides the design

principles of MEA at the lowest level is 15. The analysis of Activity 15 (in Appendix

B) with the lowest score in terms of the self-evaluation principle is given in the

following table:

Table 24. Evaluation of Activity 15 in terms of Self-Evaluation Principle

Sub- Point*

criterion**

Explanation

SEP1 1

SEP2 0

SEP3 1

Students are asked for the number of daily PCR
tests to be performed to take additional
measures. In this case, students should determine
a range of cases for the R, value. These ranges
are determined by themselves and may vary
according to their assumptions. Therefore,
students can check their results based on their
assumptions, but they may not be able to decide
if correction and improvement are necessary due
to the lack of a definitive conclusion.

The problem statement does not suggest
appropriate criteria for assessing the usefulness
of alternative solutions.

The purpose of this problem is not completely
clear. In the problem situation, it is asked the
number of PCR tests per day that should be
reached to take additional, but the range of

values that we should take is not explicit.

*: 0: “incompatible”, 1: “partially compatible”, and 2: “completely compatible”

**: SEP: Self-Evaluation Principle
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The analysis of the activity 38 (in Appendix B) with the highest score in terms of the

self-evaluation principle is given in the following table:

Table 25. Evaluation of Activity 38 in terms of Self-Evaluation Principle

Sub-criterion Point* Explanation

SEP1 2 Since students are expected to clearly explain
their solutions and create documents (e.g.,
“Create a mathematical model that explains...”),
they can check the accuracy of their results.

SEP2 2 The problem statement suggests appropriate
criteria for assessing the usefulness of alternative
solutions. The criteria in the question are
presented in the form of items and tables.

SEP3 2 The purpose of the task is clear: for whom, what,
when, why, and where. There are five sub-
questions in the problem. The purpose is stated

explicitly in all of the questions.

*: 0: “incompatible”, 1: “partially compatible”, and 2: “completely compatible”
**. SEP: Self-Evaluation Principle

The following table shows the average of all the sub-criteria of MEA design
principles. This table is used in the discussion part.

Table 26. General Evaluation of Compatibility Level of Activities with all Sub-
criteria of MEA Design Principles

MEA Design Principle Sub-criterion Mean
MCP MCP1 0.66
MCP2 0.90
MCP3 0.48
MCP4 0.51
MCP5 0.91
RP RP1 0.89
RP2 0.57
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Table 26. (cont’d).

MEA Design Principle Sub-criterion Mean
RP RP3 0.60
RP4 0.90
MGP MGP1 0.30
MGP2 0.14
SPP SPP1 0.91
SPP2 0.38
SPP3 0.92
MEP MEP1 0.58
MEP2 0.44
SEP SEP1 0.53
SEP2 0.05
SEP3 0.99

MCP: Model Construction Principle, RP: Reality Principle, MGP: Model Generalization Principle,
SPP: Simple Prototype Principle, MEP: Model Externalization Principle, SEP: Self-Evaluation
Principle
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CHAPTER 5

DISCUSSION, CONCLUSION AND IMPLICATIONS

In this present research study, the activities included in the ninth-grade mathematics
modeling activity book published by MoNE and taught in Turkey since 2020 are
analyzed in terms of their compatibility with the MEA design principles. The results
of this study reveal that the activities in the ninth-grade mathematics modeling

activity book meet these principles above average.

The results of the study show that in the 9th-grade mathematics modeling activity
book, except for the model generalization principle, the compatibility with each
design principle is above the medium level. While the compatibility levels for model
construction, reality, and simple prototype principles are much higher than the
medium level and close to the high level, the compatibility levels for the model
externalization and self-evaluation principles are slightly above the medium level.
On the other hand, the compatibility with the model generalization principle is at a
low level. The findings also indicate that compatibility with reality and simple

prototype principles are at the highest level.

The findings of this study show that the general compatibility level of the activities
in the 9th-grade mathematics modeling activity book according to the MEA design
principles is at above average. That is, the level of compliance in all studies is above

average, so in this respect, their results are parallel to each other.

The general average of the activities regarding the model construction principle is
0.70, above the medium level. Saka and Alkan (2022) find that the compliance level
of 6th, 7th, and 8th-grade mathematics practices course books with the MEA design
principles concerning the model construction principle are 0.46, 0.63, and 0.52,
respectively. Doruk (2019) finds the compatibility level as 0.46. That is, the results
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are consistent with Saka and Alkan’s (2022) results for 7" and 8" grade, while they
are inconsistent with the results of Doruk (2019) and Saka and Alkan (2022) for 6%
grade since they are below the medium level. Also, according to the results of Urhan
and Dost’s (2017) study, no activities are incompatible with the model construction
principle, and their scores are above the medium level. Therefore, these results are

in parallel with this present study.

The findings of the study indicate that the mean compatibility level in terms of the
reality principle is 0.74, which is above the medium level. Saka and Alkan (2022)
find that the compliance level of 6th, 7th, and 8th-grade mathematics practices course
books with the MEA design principles concerning the reality principle are 0.64, 0.62,
and 0.65, respectively. According to the results of Doruk’s (2019) study, the
compatibility level in terms of the reality principle is 0.68. Furthermore, Urhan and
Dost (2017) state that all the activities were found to be completely compatible with

the principle of reality. That is, the result is aligned with these studies.

Considering the model generalization principle, the activities comply with the MEA
design principle 0.22, which is below the medium level. Saka and Alkan (2022) find
that the compliance levels of 6th, 7th, and 8th-grade mathematics practices course
books with the MEA design principles with respect to the model generalization
principle are 0.58, 0.56, and 0.56, respectively. Doruk (2019) finds a level of 0.37
below the medium level. Also, Urhan and Dost (2017) find that all activities in the
9th-grade course book are fully compatible with the model generalization principle.
Therefore, while the result is coherent with only Doruk’s (2019) study, it is
incoherent with the results of Urhan and Dost (2017) and Saka and Alkan (2022) for

all grades.

When the activities in the ninth-grade mathematics modeling activity book are
analyzed in terms of the simple prototype principle, the mean score of 0.74 is above
the medium level. According to Saka and Alkan (2022), the compatibility level of
6th, 7th, and 8th-grade activities in mathematics practices course books with the

MEA design principles in terms of the simple prototype are 0.82, 0.72 and 0.73,
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respectively. Similarly, Doruk (2019) finds the activities” compatibility level
regarding the simple prototype principle to be 0.75. Therefore, since all the results
are above the medium level, they are consistent with the previous results (Doruk,
2019; Saka & Alkan, 2022).

Regarding the model externalization principle, the compatibility level of the
activities in the ninth-grade mathematics modeling activity book is found to be 0.52,
slightly above the medium level. Saka and Alkan (2022) find that the compliance
levels of 6th, 7th, and 8th-grade mathematics practices course books with the MEA
design principles with respect to the model externalization principle are 0.55, 0.46,
and 0.51, respectively. According to the findings of Doruk’s (2019) study, the
compatibility level of the activities with the principle of model externalization is
0.53. Moreover, Urhan and Dost (2017) also conclude that no activities are
completely compatible, and most of the activities are found to be partially compatible
with the model externalization principle. That is, the results are consistent with Saka
and Alkan’s (2022) results for 6" and 8" grade and Doruk’s (2019) above the
medium level, while they are inconsistent with the results of Saka and Alkan (2022)

for 7" grade, and Urhan and Dost (2017) with below the medium level.

The results related to the self-evaluation principle indicate that the mean
compatibility level is 0.52, slightly above the medium level. Saka and Alkan (2022)
find that the compliance levels of 6th, 7th, and 8th-grade mathematics practices
course books with the MEA design principles with respect to the self-evaluation
principle are 0.44, 0.33, and 0.51, respectively. According to the results of Doruk’s
(2019) study, the compatibility level is 0.68. Urhan and Dost (2017) state that all the
activities are partially compatible with the self-evaluation principle. In this respect,
the results are consistent with the studies of Saka and Alkan (2022) for 8™ grade and
Doruk (2019) since they are found to be above the medium level, while they
contradict the results of Saka and Alkan (2022) for 6™ and 7"-grade levels as they

are below the medium level.

105



The studies that examine preservice mathematics teachers’ constructions of
modeling tasks show that they pay attention to some principles more than others
when creating modeling activities. Similar to the findings of the present study, these
studies (Bukova Guzel, 2011; Kula Unver et al., 2018; Tekin Dede & Giizel, 2013b)
reported that the modeling activities developed by preservice mathematics teachers
focused on the principles of reality and model construction in their studies.
Moreover, Tekin Dede and Bukova Giizel (2013b) indicated that the modeling
activity developed by preservice mathematics teachers partially met the self-
evaluation principle, as in this study. On the other hand, while Tekin Dede and
Bukova Giizel (2013) found that the modeling activity was fully appropriate to the
model generalization principle, the present study showed that this principle has the
lowest level of compatibility.

5.1 Limitations and Recommendations

In this study, only the ninth-grade mathematics modeling activity book was
analyzed. The MoNE has not prepared a mathematical modeling activity book for
other high school grade levels. However, there are skill-based activity books
published by the MoNE for each grade level. Skill-based activity books are
supplementary resources to improve and enhance students’ mathematical skills,
including problem-solving, critical thinking, mathematical modeling, computational
skills, and understanding mathematical concepts. They contain various exercises,
problems, modeling tasks, and activities designed to align with the mathematics
curriculum. They cover the relevant mathematical units and learning objectives.
Therefore, the activities in these books can be examined by the modeling perspective
and principles used in this study or other modeling principles (e.g., Galbraith, 2007).

In this study, the MMP was used to analyze the modeling activities. MMP is
contextual modeling perspective. It is also related to the realistic and educational
modeling perspectives in terms of their purposes. While the realistic modeling

perspective focuses on understanding real life, the educational modeling perspective
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focuses on integrating modeling into mathematics teaching and learning to develop
students’ modeling competencies and understand mathematics. However, MMP is
not directly related to the socio-critical modeling perspective, which focuses on the
social role of mathematics in using mathematical concepts to make decisions about
society. Moreover, RME and ATD frameworks, other categorizations of modeling,
provide general and broader theories for designing mathematics education (Kaiser &
Sriraman, 2006). Not examining activities from this point of view may be a limitation
of this study. Thus, the activities in this book can be examined by these perspectives
(socio-critical modeling perspective, ATD, and RME) depending on the purpose of

the study.

The activities in this book were not implemented in the ninth-grade classrooms
before being analyzed. The solution approaches have been limited to the researcher’s
own solutions and the solution approaches included in the book. Getting support
from experts in this field to understand whether there are different solutions can
facilitate better analysis, particularly in the dimension of the simple prototype
principle. Furthermore, in supporting the analysis, the activities can be implemented
with ninth-grade students for a year, and then the results of this implementation can
be used in the analysis of the activities for their compatibility with design principles.
It can be expected that a sufficient amount of time passed after the implementation

can also help to assess the compatibility with this principle more clearly.

Consequently, this study holds significance for various stakeholders, including the
MoNE, researchers, textbook authors, and teachers. The MoNE can utilize the
findings of this study to incorporate MEAS into the mathematics curriculum, taking
into account the analysis conducted on the six design principles of the MMP.
Additionally, this study draws attention to the importance of evaluating the quality
of modeling activities before their implementation, which may be of interest to
researchers. It sheds light on the researchers for the future study. If a modeling
activity book is also prepared for other grade levels, the prepared books can be
analyzed by researchers before publication. They can also review mathematics skill-
based activity books within this framework.
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According to the general evaluation of the compatibility level of the modeling
activities in the mathematics modeling activity book, it is observed that the principle
with the lowest level of compatibility is the model generalization principle. The level
of compliance of modeling activities with this principle should be increased to
strengthen the compatibility of the teaching material with the MMP. For this purpose,
in accordance with the model generalization principle, arrangements should be made
that will allow the model requested from students to be useful and applicable not
only to a particular situation but also to be used in other similar situations. Also, the
activity should lead students to think about producing models that can be reusable,
shareable, modifiable, and transportable. Therefore, textbook authors should review
the activities in this context and organize them in such a way that students are asked
to create a generalizable model. For example, in activities, students may be asked to
create a generalizable model in the problem statement, or questions can be designed
to contain incomplete information, be open-ended, and have results that can vary

based on assumptions and not have a definite solution.

Considering the findings of this study, principles that are slightly above the medium
level are the principles of model externalization and self-evaluation. In this regard,
although the modeling activities in the book do not completely align with these
principles, they have been prepared by considering them. However, it is still
suggested to develop and revise activities that meet these principles at a higher level.
Regarding the model externalization principle, the problem situation should require
students to create a document in such a way as to reveal their solution processes.
Also, the activities should be prepared in a way that enables students to check the
accuracy of their conclusions and to suggest appropriate criteria for evaluating the
usefulness of alternative solutions in terms of the self-evaluation principle. In this
context, it is recommended for future book authors that the activities should be
designed in accordance with these principles. In addition, necessary changes can also
be made to activities, especially those that remain at a low level in the book according

to these principles by authors who want to revise this modeling book.
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The mathematics modeling activity book (MoNE, 2020a) has been prepared by the
MoNE only at the ninth-grade level. It is recommended to prepare a modeling
activity book for other high school grade levels. Taking into account of the results of
this study, it is expected to eliminate the deficiencies in the previous book that will
be prepared in the new ones and to create modeling activities according to the

principles of MEA design.

In the secondary education mathematics course curriculum (MoNE, 2018), the
course hours of the subjects logic, sets, equations and inequalities, triangles, and data
are 12, 20, 98, 70, and 16, respectively. The weights of the subjects are %6, %9,
%46, %32 and 7%, respectively. However, the percentage of modeling activities in
the book with respect to the topics are %4.17, %0, %83.33, %8.33, and %4.17,
respectively. These values are not compatible with the percentages given in the
curriculum. In revising the book or in developing new books for other grade levels,

the distribution and weight of topics in the curriculum should be considered.

It is not possible for teachers to implement all of these activities in their classrooms
according to the curriculum. Therefore, teachers can decide which activity to
implement in which unit according to the results of this study. Selecting the modeling
activities with the highest average in terms of meeting the design principles is
recommended. For example, based on the findings, teachers may prefer activity 2 for
the Unit of Logic, activities 7, 36, and 38 for the Unit of Equations and Inequalities,
45 for the Unit of Triangles, and 46 for the Unit of Data.

The analysis of the results shows that although the activities have the highest
averages, their compliance with all criteria may not be above average. For example,
although they have high averages in terms of meeting the design principles, activities
38, 45, and 46 are below the average according to the model generalization principle.
Based on the results of this study, teachers can make revisions and refinements in
activities considering dimensions that are below the average. For instance, teachers
can revise the question item or the content of the activity to make the modeling

activity more generalizable before applying it in their classrooms and to lead students
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to create a model that can also be used in similar situations. They may also ask
students to prepare a document in which they can reveal their solution approaches

and thoughts.
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APPENDICES

A. Criteria for Compatibility with the MEA Design Principles

Table 27. Criteria for compatibility with the design principles of MEA in the native
language (Doruk, 2019)

1.Asagidaki maddeler model olusturma prensibine uygunluk hakkindadar. 0 |1 |2

Gorev Ogrencileri karmagik bir problem durumunda verilenler, istenenler ve
muhtemel ¢oziim siireglerini yorumlamak igin bir model gelistirme gereksinimini

fark ettirecek bir durum igine koyuyor.

Gorev ogrencileri bir soru icin baskalari tarafindan formiile edilmis olan cevabi

elde etmeye yonlendirmiyor.

Gorev Tretilecek modeli, gozden gecirmeyi, diizeltmeyi, aciklamayir ve

degistirmeyi gerektiriyor.

Gorev, dgrencilerden problemin ¢oziimil i¢in bir model gelistirmeleri gerektigini

acikca ifade ediyor.

Gorev, sembolik olarak ifade edilmis durumlar1 anlamlandirma yerine, o duruma

uyan en uygun sembolik gésterimleri gelistirmeyi destekliyor.

2. Asagidaki maddeler gerceklik prensibine uygunluk hakkindadir.

Gorevin igerdigi problem durumu bire bir gergek yasamda karsilasilabilecek

yapidadir.

Gorevin igerdigi problem durumu &grenciler igin gergekei algilanabilecek bir

yapidadir.

Ogrenciler kendi deneyimleri ve bilgilerine dayanarak problem durumunu

anlamlandirabilir.

Coziim stirecinde 6grencilerin fikirleri ciddiye aliniyor, yazarin problem i¢in dogru

yol olarak diisiindiigii yola uymaya zorlanmiyor.

3. Asagidaki maddeler model genellestirme prensibine uygunluk hakkindadir.

Gorev olusturulan modelin sadece onu gelistiren kisi i¢in kullanigh ve sadece 6zel
bir duruma uygulanabilir olmasina degil, benzer bagka durumlarda da

kullanabilmesine olanak sagliyor.

Gorev Ogrencileri tekrar kullanilabilir, paylasilabilir, {izerinde degisiklikler

O OO CO|CO|CDO T O OO T OO
O OO OO || T OO O T OO
O OO CO|CO|CDO T O OO T OO

yapilabilir modeller tiretmek i¢in kafa yormaya yonlendiriyor.

4. Asagidaki maddeler etkili ve basit prototip prensibine uygunluk hakkindadir.
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Gorevin igerdigi problem durumu 6grencinin mantikli bir cevap iiretebilmesine

(prototip gelistirmesine) olanak saglayacak sekilde karmasikliktan uzak.

Gorevin igerdigi problemin ¢dzliimii yapisal olarak benzer problem durumlarini
yorumlamak i¢in kullanigh bir prototip (6rnek model) veya metafor (mecaz)

sagliyor.

y

J

y

Gorevin igerdigi problemin ¢oziimii kavramsal iliskileri fark etmeyi (prototip

gelistirmeyi) engelleyecek diizeyde karmasik hesaplama prosediirlerini icermiyor.

J

J

J

5. Asagidaki maddeler model dissallastirma (diisiincelerini belgelendirme) prensibine

uygunluk hakkindadir.

Gorevin igerdigi probleme verilen yanit, 6grencilerin modelleme siirecinde neler

distindiiklerini agiga ¢ikaracak sekilde.

J

J

J

Gorevin igerdigi problem 6grencilerin ¢6ziim siireci boyunca problem durumuyla
ilgili kendi diisiinceleri ve ¢oziim yollarin1 agik¢a ortaya koyan bir belge

olusturmalarini gerektiriyor.

6. Asagidaki maddeler 6z degerlendirme prensibine uygunluk hakkindadir.

Ogrenci, gorevi yerine getirirken kendi yorumlarinin ve ulastigi sonuglarin
dogrulugunu kendi kontrol edebilir, gelistirme veya diizeltmeye gerek olup

olmadigina karar verebilir.

Gorevin igerdigi problem ifadesi giiglii bir sekilde alternatif c¢oziimlerin

kullanigliligini degerlendirmek igin uygunluk kriterleri dneriyor.

Gorevin gergevesi nettir.

0: “Saglamiyor”, 1: “Kismen sagliyor”, 2: “Tam olarak sagliyor”
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B. Mathematical Modeling Activities in the Ninth-Grade Mathematics
Modeling Activity Book

Activity Number: 11

Activity Name: Gravitational Force

Ortadgretim Genel Miid

Mert, bilim teknik dergilerinden “Newton'un Evrensel Kiitle Cekim Teorisi’ ne” dayanarak belirli bir
kiitlesi olan bir gezegenin yer ¢ekimi kuvvetinin kiitlesi ile dogru, yiizey agirhk merkezinin yarigapinin
karesi ile ters orantili olarak hesaplandigini ve Yunan matematikgi ve astronom Eratosthenes’in M.0O. 200
yihinda Diinya'nin yarigapini ilk kez hesapladigini 6grenmistir.
Mert'in fizik 6gretmeni, enerji Ginitesinde yer ¢ekimi potansiyel enerji konusunu islemis ve asagidaki
bilgiler esliginde verdigi sorular1 6grencilerinden ¢ozmesini istemistir.
G: Yer ¢ekimi sabiti (G = 6,673 x 107" "%g .¢2) olduguna gore gezegenlerin yer ¢ekimi kuvveti (g)
asagidaki formiil ile bulunmaktadir.

M, s g " 2 i
g = Gz (M, =Diinya'nin kiitlesi ve R, = Yiizey agirhik merkezinin yaricapi)

Agirhk(N) = Kiitle - yer ¢ekimi kuvveti

[z Uzay Aracinin | 2. Uzay Aracinin
Kiitlesi Yarigap1 Yer Cekimi kiitlesi kiitlesi
(kg) (metre) (m/s?) (72 kg) (64 kg)
Diinya | 597-10" | 6,37-10° 706,104 N | 627,648 N
Mars | 3,389-10° 3,711
Ay 1,737 - 10° 1,62 [

NASA [National Aeronautics and Space Administration (Ulusal Havacihk ve Uzay Dairesi)] Amerika
Birlesik Devletlerinin uzay programi ¢aligmalarindan sorumlu olan kurumdur. NASA yeni aragtirmalar
igin Mars ve Ay’a uzay arac1 génderiyor. Tki 6zdes top, gonderilen uzay aracindan Ay ve Mars'ta farkh
yiiksekliklerden birakiliyor. Ay yiizeyine birakilan top yere her carptiginda diistiigi yiiksekligin kare-
kokii kadar yiikseliyor. Mars yiizeyine birakilan top yere her carptiginda diistiigii yiiksekligin kiipkokii-
niin karesi kadar yiikseliyor. Ay’ da (0,6)'® metre yiikseklikten birakilan cismin dordiincii garpmasindan
sonraki yiiksekliginin Mars'ta birakilan cismin Gigincii carpmasindan sonraki yiiksekligine esit oldugu
hesaplanmgtir.
Buna gore
a) Topun Mars’1n yiizeyine ka¢ metreden birakildigini bularak Mars ve Ay’ da esit mesafeden bira-
kilan es deger toplarin zemine ¢arpmalarindan sonraki yiiksekligini veren bir matematiksel

formiil gelistiriniz.

b) Tablodaki bosluklar: doldurarak Diinya’ da agirlig: verilen toplarin Mars ve Ay’daki agirliklarini
veren bir formiil olusturunuz.

Mert’e sorularin cevabini bulmada yardimci olunuz.

15 p

Figure 8. Activity 11 from the textbook (MoNE, 20203, p. 15)
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The English version of the Activity 11:

Mert learned that based on Newton’s Universal Law of Gravitation, a science
technical journal, the gravitational force of a planet with a certain mass is calculated
by directly proportional to its mass and inversely proportional to the square of the
radius of its center of gravity. He also discovered that the Greek mathematician and
astronomer Eratosthenes first calculated the radius of the Earth in 200 BC.

Mert’s physics teacher taught the topic of gravitational potential energy in the energy
unit and asked his/her students to solve the following questions based on the given

information.

Since G is the gravitational constant (G = (6,673><10‘11)m3/kg_52), the

gravitational force (g) of planets is found by the following formula.

My
g = GﬁMyRy
y

(M,, = the mass of the earth, and R,, = the radius of the surface center of gravity)

Weight (N) = mass - gravitational force

Mass (kg) Radius (m) Gravitation The mass of The mass of
(m/s?) the first the second
spacecraft spacecraft
(72 kg) (64 kg)
Earth 5,97 - 10%* 6,37 - 10° 706,104 N 627,648 N
Mars 3,389 - 10° 3,711
Moon 1,737 - 10° 1,62

NASA [National Aeronautics and Space Administration] is the institution responsible
for the work of the United States space program. NASA sends spacecraft to Mars
and the Moon for new research. Two identical balls are dropped from different
heights on the Moon and Mars from the spacecraft. Whenever the ball hits the ground

on the Moon, it rises as high as the square root of the height it fell. Whenever the
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ball hits the ground on Mars, it rises as high as the square of the cube root of the
height it fell. It has been calculated that the height of an object left on the Moon from
a height of (0,6)'® meters after the fourth hit equal the height of an object left on
Mars after the third hit.

Accordingly,

a) By finding out how many meters the ball was left on the surface of Mars,
develop a mathematical formula that gives the height of equivalent balls left
at equal distances on Mars and the Moon after they hit the ground.

b) By filling in the blanks in the table, create a formula that gives the weights

of the balls given weight in the Earth on Mars, and the Moon.

Help Mert to find the answers to the questions.
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Activity Number: 12

Activity Name: Practice Exams

_Orntacgretim Genel Midiriuga

Ahmet 2020 YKS hazirhik strecinde sirasi ile Turkce, matematik ve fen bilimleri derslerinden toplamda
10 sinav donemi gegirmistir. Her sinav dénemi aras: 15 giindiir ve her sinav arasinda 2 giin bogluk vardir.

PAVRIANIAT K2 011'9]
| | ®r
2 [ s [ M s | 6 [ @QF] 8
9 | w0 | n 12 B3| 14 15
6 w1 w0 |2 2
@T [ u | s | @M w | » | GF
0 | a1 | \

[k sinav dénemi 1 Arahk 2019'da baglayan Ahmet’in sinavlan 8 Arahik’ta agiklanmug, matematik ve fen
bilimleri sinav sonuglan kétii gelmigtir. Durum degerlendirmesi yapan Ahmet’in velisi bu derslerden
birebir kurs aldirmaya karar vermigtir. Gerekli aragtirma ve gorigmelerden sonra Ahmet matematik
kursuna 11 Aralik’ta, fen bilimleri kursuna 12 Aralik’ta baglamigtir. Ahmet,

I, Matematik kursuna dort ginde, fen bilimleri kursuna beg ginde bir gitmistir.
II. Kurs giinleri cakigtiginda matematik kursunu tercih etmigtir.
II1. Kurslara son sinav donemine kadar devam etmig ancak sinav donemlerinde kurslara gitmemistir.

Buna gore velisine Ahmet’in hangi dersten ka¢ defa kursa gittigini anlagilir bir sekilde anlatimz.

16

Figure 9. Activity 12 from the textbook (MoNE, 2020a, p. 16)
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The English version of Activity 12:

Ahmet has passed ten exam periods in Turkish, mathematics, and science courses,
respectively, during the preparation process for the 2020 Higher Education Entrance
Exam (YKS). A 15-day break follows each exam period, and there is a gap of 2 days

between each exam period.

DECEMBER 2019
Monday | Tuesday | Wednesday | Thursday | Friday | Saturday | Sunday

1(T)

2 3 4 (M) 5 6 7(S) 8

9 10 11 12 13 14 15

16 17 18 19 20 21 22
23 (T) 24 25 26 (M) 27 28 29 (S)

30 31

T: Turkish, M: Mathematics, S: Science

Ahmet’s first exam period started on December 1, 2019. His exams were announced
on December 8, and he received low points in the mathematics and science exams.
His parents, who evaluated the situation, decided to enroll him in a one-to-one course
from these lessons. After conducting the necessary research and interviews, Ahmet
started his mathematics course on December 11 and his science course on December
12. Ahmet,

I.  He attended the mathematics course every four days and the science course
every five days.
Il.  When the course days coincide with the same day, he preferred the
mathematics course.
1. He continued the courses until the last exam period but did not attend the

courses during the exam periods.

Accordingly, explain clearly to his parent which course Ahmet attended and how

many times.
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Activity Number: 15

Activity Name: Coronavirus

aogretim Genel Midiriiga

2020 yihnda tiim dunyada ctkisini gosteren Covid-19 salgini nedeniyle bu hastaliga yakalanan kigileri
tespit edebilmek ve hastaligin yayihmini engelleyecek onlemleri alabilmek igin her gin belirli sayida
insana "PCR” testi yapilmaktadur.

Her yeni vaka sayisina gore ginlitk Ry degerleri olugmaktadir. Bu degerler, Covid-19 hastas: olan bir
kiginin bu hastali kac kisiye bulagtirdigin: gostermektedir.

Agagidaki grafiklerde gunlere gore yapilan test sayisy, yeni vaka sayis: ve bu hastaligin bulagtirma katsa-
yisiun ( Ry ) degeri verilmigtir:

Test Sayist Vaka Sayisi
T R T
4510!
14513
b I — 51
AMOT ] 15
e ——
3960 101
4 e
P —
L2 ——
320007
[T e
9341
26000

3 3§ 3 355 3 § Jower 3§ 53 5 § § § § Cale
z z 2z 2z 7z 7z z 7z Z Z z 2z z z 2z 7z 7z =
m e b = 2 8 % 8 Q m e & 2 2 8 85 A K

20

Figure 10. Activity 15 from the textbook (MoNE, 2020a, p. 20)
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Ortadgretim Genel Mudirligl_

“7§ 535 5 5 5 3 5 § Gloler
Z Z Z Z Z zZ Z Z Z
Y 5 %2 3 8 7 849 8

Yapilan test sayis: arttikga tespit edilen yeni Covid-19 vaka sayisi da artmaktadir. R, degeri 1,09 degeri-
ne ulagtifs zaman hastalifin yayilmasin: 6nlemek icin ilave tedbirler alinacaktir.

flave tedbirlerin alinabilmesi igin sizce yapilacak giinliik PCR test sayist kag olmalidir?

NOT: R¢ degerinin belirlenmesinde bulagma yolu, kulucka stiresi, temas riski, yogunlugu ve siiresi gibi
birgok faktér etkilidir. Ornek goziimde bu faktorler hesaba katilmamaktadir.

Figure 11. Activity 15 from the textbook (cont’d) (MoNE, 2020a, p. 21)
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The English version of the Activity 15:

Due to the COVID-19 pandemic, which had its impact worldwide in 2020, a certain
number of people are being tested by the “PCR” test every day to identify those who

have contracted this disease and to take measures to prevent the spread of the disease.

Daily R, values are formed according to the number of new cases. These values

indicate how many people a person with Covid-19 can transmit the disease to.

The following graphs provide the number of tests conducted, the number of new
cases, and the value of the transmission coefficient (R,) of this disease according to

the days:

The Number of Test
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1051

1040
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T
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As the number of tests conducted increases, the number of newly detected Covid-
19 cases also increases. When the R, value reaches 1.09, additional measures will
be taken to prevent the spread of the disease.

In your opinion, how many daily PCR tests should be done in order for additional

measures to be taken?

NOTE: The determination of the R, value is influenced by various factors such as
the mode of transmission, incubation period, contact risk, intensity, and duration.

These factors are not taken into account in the sample solution.
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Activity Number: 38

Activity Name: Acar Car Rental

Acar arag kiralama yirketi sahibi olan [lhan Bey arag filosuna 2019 yilimin baginda B, C ve D segmentinde
g adet sifir arag ilave etmigtir.

[lhan Bey'in y1l iginde araglara yapti harcamalar agafidaki gibidir.

1. Tablo

lAndar/ ‘“;““" 20i9MTy | 20%OK® 4000 km | Zorunlu Trafik | Kiralik Arag
i s ﬁ (Tirk B‘h"“m'k ' Balumi (Tirk| Sigortas: Kaskosu

) lirasi) ‘ ast) lirasi) , (Tlirk liras:) | (Tiirk lirass)
| BI1300 cc

| 80 000 861 1100 1200 1000 2500
|(Ekonomik)

|GlS00ce (Ona) | 130000 | 1499 1300 1400 1000 3000
DJ2000 cc (US() 250 000 4170 1800 2000 1000 4000

[lhan Bey'in y1l iginde araclarim kiralama bilgisi agagidaki gibidir.

2. Tablo
‘ Gunlik | Hafalik | Aylk oo "a‘:t‘l“ | 100 k' dekd
| Araclar/ Kira Kira Kira Yas Haftalilk  Aylikkm (Tirk Yakat
| Motor Hacmi (Tark (Turk (Tark km Sinirn - Simin Tiiketimi
tiran) | lirass) | liram) | SO i (Litre)
| | | (km Bag1) |
B/1300 cc o .
i o | 600 | 2000 300 | 2000 @ 7500 05 85
Cl1500¢cc (Orta) | 160 | 900 | 3000 400 | 2500 | 9000 06 53
D/2000 cc (ﬂﬂ) 250 1500 5500 500 3000 11 000 04 6,0
51 )

Figure 12. Activity 38 from the textbook (MoNE, 2020a, p. 51)
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ogretim Genel Miduruga

Kiralama en az 1 ginliktir (24 Saat). Daha kisa sireli kiralamalarda gunlik @icret uygulanir. Gecikme

halinde 4 saate kadar her saat iin giinliik ticretin 1/4 &, gecikmenin 4 saati gectigi durumlarda ise tam
gun ficreti ahmir.

« 2. Tablo’ daki kilometre sinirlar: sirketin Izmir, Antalya, Bodrum, Dalaman, Fethiye, Ortaca ve Mar-
maris'teki tim ofisleri i¢in gegerlidir. Turkiye genelindeki diger ofislerde araglanin giinlitkk km sinin
bulunmamaktadir.

« Araa kiralayan kigi, kiralama déneminde olugabilecek her tirli ek masrafi  trafik cezas;, OGS/HGS
kagak gecig veya her tiirli maddi zarar ) 6deyecegini bu sozlesmeyi imzalayarak kabul etmig sayihr.

« Benzinin litresi ortalama 6,5 Turk lirasidur.

1. Yeliz Hanim, tatile geldigi Marmaris'te kirahik arag kullanarak 3 giinliik kiiltiir turu planhyor.
1600 km lik kiiltiir turu i¢in arac zamaninda ve hasarsiz olarak teslim ettigi takdirde Yeliz Ha-
nim'in hangi araa tercih etmesi gerektigini nedenleri ile agiklayan bir matematiksel model oluy-
turunuz.

Ld

2. Tablo’ daki bilgileri kullanarak 40 giinliik gezi programu icin Yeliz Hanim'in 17 000 Tiirk liras:
olan biitgesi ile (C segmenti) orta simf bir arag kiralayarak en fazla ka¢ km yol gidebilecegini bu-
lup ayrintili olarak agiklayimiz. (Bu hesaplamada bir ayin 30 giin iizerinden ticretlendirildigini,
aracin zamaninda ve hasarsiz olarak teslim edildigini hesaba katiniz.)

3. Araglarin yil icerisindeki kiralanma durumu agagidaki tabloda verilmigtir.

3. Tablo
Arag Sinfi/Motor Hacmi | Gn “ Hafa ‘ Mo ‘T ﬁxﬁ'ﬁfm |
(:;'300 ‘&) | 90 9 3 62000
C/1500 cc {Orta) 110 8 1 82300
| | |
D/2000 cc (Ust) ‘ 60 3 1 40000

§irket sahibi {lhan Bey’in yil sonundaki kazanci nasil olmustur? Sizce yeni y1lda hangi araglardan
alirsa hem sermayesini korur hem de kazana yiiksek olur?

4. Dokuz giinliik arag kiralamak isteyen Sibel Hanim, toplamda 5000 km yol gitmeyi planliyor. Siz-
den hangi arac1 segmesi gerektigine dair dneri istiyor. Onerdiginiz arag icin 2. Tablo’daki verileri
kullanarak tablo geklinde ayrintilariyla aciklayarak fiyat teklifi vermenizi istiyor. (Aracin zama-
nminda ve hasarsiz olarak teslim edildigini hesaba katarak teklif veriniz.)

5. Acar arag kiralama sirketine gelen iki aileden biri ckonomik, digeri orta simif arag kiraliyor. Be-
raber aiktiklar: sekiz giinliik tatilde 3600 km yol gidiyorlar. Sizce bu ailelerden hangisi daha fazla
iicret 6demistir? Cevabimiza tablo iizerinde aynntilaniyla agiklayimz. (Araglarin zamaninda ve
hasarsiz olarak teslim edildigini hesaba katimz.)

52

Figure 13. Activity 38 from the textbook (cont’d) (MoNE, 2020a, p. 52)
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The English version of the Activity 38:

Mr. llhan, the owner of Acar Car Rental Company, added three brand new vehicles
in the B, C, and D segments to the vehicle fleet at the beginning of 2019.

Mr. Ilhan’s expenditures on vehicles throughout the year are as follows.

Table 1.
Vehicles/Engine Vehicle 2019 20 000 km 40 000 km Compulsory Collision
volume purchase ~ MTV  maintenance maintenance traffic insurance
price (TL)  (TL) (TL) (TL) insurance of rental
(TL) car (TL)
B/1300 cc 80 000 861 1100 1200 1000 2500
(economic)
C/1500 cc 130 000 1499 1300 1400 1000 3000
(medium)
D/2000 cc (top) 250 000 4170 1800 2000 1000 4000

Mr. Ilhan’s information about renting vehicles throughout the year is as follows.

Table 2.
Vehicles/Engine Daily Weekly Monthly Daily Weekly Monthly km Fuel
volume rent rent rent km km km limit exceeding consumption
(TL) (TL) (TL) limit limit fee (TL)  per 100 km
B/1300 cc 110 600 2000 300 2000 7500 0,5 8,5
(economic)
C/1500 cc 160 900 3000 400 2500 9000 0,6 5,3
(medium)
D/2000 cc (top) 250 1500 5500 500 3000 11000 0,4 6,0

The minimum rental duration is one day (24 hours). For rentals shorter than a day, a
daily cost is applied. In case of delay, for each hour up to 4 hours, 1/4 of the daily
cost is charged, and if the delay exceeds 4 hours, the total daily cost is charged.
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e The kilometer limits in Table 2 are valid for all the company’s offices in
[zmir, Antalya, Bodrum, Dalaman, Fethiye, Ortaca, and Marmaris. There is
no daily km limit for vehicles in other offices throughout Turkey.

e By signing this contract, the person renting the vehicle is deemed to have
accepted that they will pay any additional expenses (traffic fine, OGS/HGS
illegal passage, or any kind of financial damage) that may occur during the
rental period.

e The average liter of gasoline is 6.5 Turkish liras.

1. Ms. Yeliz, who is on vacation in Marmaris, plans a 3-day cultural tour using a
rental car. Create a mathematical model that explains which car Ms. Yeliz should
choose and the reasons behind it, provided that she returns the vehicle on time and
without any damage, for a 1600 km cultural tour.

2. Using the information in Table 2, find and explain in detail how many kilometers
Ms. Yeliz can travel at most by renting a medium-class vehicle (C segment) with a
budget of 17 000 Turkish liras for a 40-day trip program. (In this calculation,
consider that one month is charged based on 30 days and assume that the car is

returned on time and without any damage.

3. The rental status of the vehicles throughout the year is given in the table below.

Table 3.
Vehicle grade / Day Week Month The total kilometer
Engine volume taken by the vehicle
B/1300 cc (economic) 90 9 3 62 000
C/1500 cc (medium) 110 8 1 82 300
D/2000 cc (top) 60 3 1 40 000

How was the company owner Mr. Ilhan’s earnings at the end of the year? Which
vehicles do you think he would buy in the new year that can both protect his capital
and provide high profit?
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4. Ms. Sibel, who wants to rent a car for nine days, plans to travel 5000 km. She
wants a recommendation from you about which vehicle she should choose. She also
requests a detailed price offer in tabular form using the information in Table 2,
explaining the details. (Please make an offer taking into account that the vehicle was

returned on time and without any damage.)

5. One of the two families that come to Acar Car Rental Company is renting an
economical vehicle, and the other is renting a middle-class vehicle. They are
traveling 3600 km on an eight-day vacation they are going on together. Which of
these families do you think has paid more? Explain your answer in detail in the table.

(Please consider that the vehicles are returned on time and without any damage.)
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