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ABSTRACT

AN INVESTIGATION OF A CASE OF TURKISH AND SYRIAN SEVENTH
GRADE STUDENTS’ MATHEMATICAL MODELING PROCESSES

Mavi, Sinan
Master of Science, Mathematics Education in Mathematics and Science Education
Supervisor: Assist. Prof. Dr. Serife Seving

May 2022, 119 pages

The aim of this study was to investigate a case of Turkish and Syrian seventh grade
students’ mathematical modeling cycle in their collaborative work on Model-
Eliciting Activities (MEA). The study was conducted with a group of Turkish and
Syrian students in a public middle school close to Syrian border in Gaziantep,
Turkey. Two different Model Eliciting Activities (MEAs) were implemented in two

weeks in spring semester of 2019-2020 school year.

Video and audio data, written works, and fields notes were used as main data sources
to determine the steps that the students took in modeling cycle during “Let’s Build
Environmentally Friendly Structures with Plastic Bottles” and “Summer Job”
MEAs. Findings were coded into categories. Moreover, during the modeling cycle,
a new code list was prepared by arranging the codes seen in the students’ modeling

cycle.



Overall, this study showed that students understood real-life situations but were
unable to make the necessary mathematical inferences to build models. In addition,
Turkish students chose mathematical operations from the mathematical topics they
just learned in the curriculum, while Syrian students tried to contribute to the
modeling activity by using mathematical operations such as selecting, and sorting
data.

This study demonstrated that cultural differences between the students did not
adversely affect the model-eliciting activities, as Turkish and Syrian students carried
out the modeling cycle in collaboration. It showed that students’ academic, social,
and cultural differences were not important in mathematical modeling activities, and
even showed further that these differences were an asset as well as they supported
the universality of mathematics. Hence, it can be concluded that multiple and
sustained experience of MEAs is important for students and teachers who want to

integrate MEAs into their instruction.

Keywords: Mathematical Modeling, Model Eliciting Activities, Middle School
Students, Turkish and Syrian Students
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0z

TURKIYE VE SURIYE UYRUKLU YEDINCIi SINIF OGRENCILERININ
MATEMATIKSEL MODELLEME SURECLERININ INCELENMESI

Mavi, Sinan
Yiiksek LisansYiiksek Lisans, Matematik Egitimi, Fen ve Matematik Bilimleri
Egitimi Matematik Egitimi, Fen ve Matematik Bilimleri Egitimi
Tez Yoneticisi: Dr. Ogr. Uyesi Serife Seving

Mayis 2022, 119 sayfa

Bu ¢aligmanin amaci, Tiirkiye ve Suriye uyruklu yedinci sinif 6grencilerinin Model
Olusturma Etkinliklerine (MOE) yonelik isbirlikli calismalarinda matematiksel
modelleme siirecini incelemektir. Arastirma, Tirkiye’nin Gaziantep ilinde Suriye
siirina yakin bir devlet ortaokulunda 6grenim goren bir grup Tiirk ve Suriye uyruklu
ogrenci ile gergeklestirilmistir. 2019-2020 Egitim-Ogretim y1l1 bahar doneminde iki
Tiirk ve iki Suriyeli 6grenciden olusan bir ogrenci grubuna iki hafta boyunca iki

farkl1 Model Olusturma Etkinligi uygulanmistir.

“Pet siselerle Cevre Dostu Yapilar Insa Edelim” ve “Yaz Isi” adl etkinlikler
sirasinda 6grencilerin modelleme basamaklarini belirlemek i¢in video ve ses verileri,
yazili cevaplar1 ve alan notlar1 ana veri kaynaklart olarak kullanilmistir. Bulgular
kategoriler halinde kodlanmistir. Ayrica modelleme siirecinde O6grencilerin

modelleme siirecinde goriilen kodlar diizenlenerek yeni bir kod listesi hazirlanmistir.
Genel olarak, bu ¢aligma 6grencilerin gergek yasam durumlarini anladigim ancak

model olusturmak i¢in gerekli matematiksel c¢ikarimlar1 yapamadiklarinm

gostermistir. Ayrica Tiirkiye uyruklu 6grenciler miifredatta 6grendikleri konulardaki

vii



matematiksel iglemleri segerken, Suriyeli 6grenciler verileri segme ve siralama gibi
matematiksel islemler kullanarak modelleme etkinligine katki saglamaya

calismiglardir.

Bu caligma, Tiirk ve Suriyeli 6grenciler modelleme dongiisiinii igbirligi icinde
yurittiikleri i¢in, 6grenciler arasindaki kiiltiirel farkliliklarin model olusturma
etkinliklerini olumsuz etkilemedigini gostermistir. Matematiksel modelleme
etkinliklerinde 6grencilerin akademik, sosyal ve kiiltiirel farkliliklarinin 6nemli
olmadigini, hatta bu farkliliklarin matematigin evrenselligini destekleyen bir
zenginlik oldugunu da gostermistir. Bu nedenle, model olusturma etkinlikleri
ogretimlerine entegre etmek isteyen 6gretmenler ve onlarin 6grencileri i¢in ¢oklu ve
stirekli model olusturma etkinlikleri deneyiminin 6nemli oldugu sonucuna

varilabilir.

Anahtar Kelimeler: Matematiksel Modelleme, Model Olusturma Etkinlikleri,

Ortaokul Ogrencileri, Tiirkiye ve Suriye Uyruklu Ogrenciler
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CHAPTER 1

INTRODUCTION

Over the years, not only has mathematics changed, but mathematics education has
also changed as other areas has (Kilpatrick, 1992). These changes have formed new
expectations from students such as “mathematical competence and basic
competences in science and technology” which refers to solving daily life problems,
devoloping mathematical thinking style and desire to use mathematical modes to
different degrees. Besides, “learning to learn” means the competence of pursuing and
insisting on learning so that an individual can organize his or her learning action
individually or in groups, including effective time, knowledge management, and the
awareness of learning needs and cope with difficulties for a successful learning
(MoNE, 2018). Indeed, content knowledge is not thought to be sufficient considering
the needs this age brings about because 21 century expects student to solve non-
routine real life problems, make inferences and be creative (Hilton, 2008; Jerald,
2009). Solving routine problems, remembering rules and theorems or finding result
of basic mathematical computations are not enough to meet the expectations, so
mathematics curriculum needs to be informed by the requirements 21% century
necessitates. In addition, new methods might be employed to educate creative
scientists, high-tech engineers and mathematicians who will develop a brighter
future (Leikin, 2009). To accomplish these goals, school curriculum might be
appropriately designed to aid students to have such skills and abilities as solving non-

routine problem, creativity and analytical thinking (Gilat & Amit, 2013).

Today, one of the most important aims of education is to raise individuals who have
a sense of responsibility, are comptetent enough to have easy access to the
information needed, have analytical thinking skills, can produce effective solutions
to problems, have advanced decision-making skills, have skills of emphaty, can



communicate in a healthy way, and can think critically and innovatively (OECD,
2018). Within this respect, it might be stated that gaining problem solving skills in
real life might be the main target of education, and the use of mathematical modeling
in mathematics teaching may also be a way to achieve this goal (Gravemeijer &
Stephan, 2002; Lesh & Doerr, 2003).

It is possible to encounter mathematical modeling in different disciplines, such as
physics, chemistry, engineering, medicine and many other areas. Such assumptions
as mathematics includes real-life applications, mathematical knowledge can be
applied to the daily life problems, and it provides the opportunity to produce more
analytical and practical solutions to daily problems indicate that mathematics is more
than just problem solving. Indeed, in recent years, many researchers in the field of

mathematics education have been examining mathematical modeling in education.

Traditional methods and problem solving activities do not meet the demands for
students, so these concerns have lately directed mathematics educators to work on
mathematical modeling (Mousoulides et al., 2006). The significance of mathematical
modeling in mathematics education has been emphasized by NCTM (2000) and
many researchers (e.g., Gravemeijer & Doorman, 1999; Lesh & Doerr, 2003; Lesh
& Lehrer, 2003). Since mathematical modeling allows student to think analytically
and give chance to solve non-routine daily life problems (Lesh & Doerr, 2003), it
appears to be one of the most favored application in the field of mathematics
education (MoNE, 2013; NCTM, 2000) Moreover, advocates of mathematical
modeling have contended that mathematical modeling plays an important role as a
bridge between real-world and school-based mathematics (Blum, 2002; Kaiser &
MaaB, 2007; Lesh & Doerr, 2003; Stillman et al., 2008). Mathematical modeling
activities include rich opportunities for students, such as mathematical reasoning,
learning in a more meaningful way, and sense making (English, 2009). Furthermore,
it assists mathematics educators in helping their students gain 21st century skills
(Sevinc, 2021).


https://www.researchgate.net/profile/Katja_Maass?_sg%5B0%5D=8DfwoFB7Am8JaGk5SCELM-bWzSRtkA11B76JdEwqrblj7D-2FLcINsZzR2TffWjAuO3JM1g.WgL0vYbV5wCn_tfHLVRobO1jyg-tbcG7vQz2VoopijRRl-Ym8fRUb_jMnBmv47Fot_ZfLFOGoxay2vHGK48xZQ&_sg%5B1%5D=zY7Q0rw1Y5Swc92uw2i-sCo3X5GYgN66k4djrI2bOGDn-NRbT0uza26GuRu123OyI_5BEzI.H_41rFalBwm_bvugIzo8uXqQSMM1UpWRz2n2aWZtac6-SdscNsSahJTc88NRZV-4SNF8BoLn8RuIXzZPv3mldw

It is possible to argue that mathematical modeling not only provides opportunities
for students and establishes a direct relationship between real life and mathematics,
but it also provides equality among students. Students' cultural backgrounds, family
backgrounds, and socio-economic conditions create inequality of opportunity among
students (Ursprung et al., 2008). However, it can be said that mathematical modeling
eliminates differences such as socioeconomic, cultural and family backgrounds
among students because modeling activities are a process in which students share
their ideas and demonstrate their performance by working together in cooperation.
Lesh (2005) stated that mathematical modeling caused more sophisticated
conceptual developments than the knowledge that students could learn at school, and
that students with average academic success could develop strong mathematical
models. In addition to that, mathematical modeling promotes group work where
students learn to communicate and work collaboratively to solve real life problems
(English & Mousoulides, 2009). Mathematical modeling does not limit students to
learn mathematics in the classroom, rather it extends it to their family and social lives
(Velez et al., 2015).

Due to the war in Syria, students had to migrate to other countries, and Turkey is one
of the leading countries hosting the asylum seekers. Syrian students are trained
together with Turkish students in the same schools located in regions that receive
immigration. Kiris¢i (2014) stated that there were significant differences in the
curricula and education systems of Turkey and Syria due to their culture, history,
and social structure. Along with such differences, there were differences in both
cultural and family backgrounds of Turkish and Syrian students. These differences
have negatively affected the school adaptation process of Syrian students (Tut,
2018). Therefore, it gains importance to organize and adjust the instruction and carry
out the studies considering the inequalities on the part of Syrian students. As a
mathematics teacher having experience with teaching to both Turkish and Syrian
students, | conjectured that using mathematical modeling in math class could
possibly eliminate these differences and help students learn mathematical topics
together. Mathematical modeling entails a process that requires collaborative work

in the group and includes real-life situations, and students could participate in this



process with motivation. Therefore, in this study, Turkish and Syrian students were
brought together, and representation of the classroom environment was made, and

mathematical modeling processes were examined.

1.1  Purpose of the Study and Research Questions

The aim of this study was to investigate a case of Turkish and Syrian seventh grade
students’ mathematical modeling process in their collaborative work on model-
eliciting activities. This study addressed the following research questions:

1. How does a group of 7th-grade students involving two Syrian refugee
children and two Turkish children experience a modeling cycle in solving
mathematical modeling problems?

2. Do Syrian refugee and Turkish children’s perspectives contribute differently

to the modeling cycle? If yes, how?

1.2 Significance of the Study

In mathematics education, students need to be encouraged to learn with different
practices and contexts so that the knowledge transferred to students might become
more meaningful (Bransford et al. 1999). Previous research on mathematical
modeling demonstrates that most of the students’ academic success was above the
average in the cases where mathematical modeling was utilized. These studies were
mostly carried out in schools with good physical conditions and facilities in the city
centers. Due to the limited number of studies conducted on mathematical modeling
investigating its effects on middle school students in Turkey (Glider & Giirbiiz, 2017;
Kant, 2011), it would be quite significant to conduct and examine modeling
processes in different regions of Turkey. Although the literature involved various
studies investigating the modeling process of students from different perspectives,
what students would bring into the modeling perspective regarding their cultural

background has not been studied much.



In addition, some researchers (Diezmann et al., 2001; English & Fox, 2005; English
& Watters, 2004, 2005a, 2005b) explicitly stated that not enough attention was paid
to the modeling processes of primary and middle school students. Researchers argue
that mathematical modeling might be made at lower grade levels (Diezmann et al.,
2001; English & Fox, 2005; English & Watters, 2004, 2005a, 2005b). These
researchers also emphasized that primary and middle school students can also work
successfully with modeling problems. On the other hand, modeling problems
provide an opportunity for students to experience how to cope with complex data
presented in challenging but meaningful contexts (English & Watters, 2004, 2005a,
2005b). Therefore, in the literature, there is a need for studies dealing with the
mathematical modeling process focusing on the middle education level. Hence, this
study is important in that it aims to reveal the mathematical modeling processes of

middle school students.

This study was carried out with a group of participants whose socio-economic level
was low and whose academic success was below the average. In addition, some of
the participants were students who had to migrate due to the war in Syria. The school
where the study was conducted was located very close to the Syrian border.
Therefore, all students were claimed to be affected adversely by the war. The
coexistence of different cultures and ethnic students brought out many problems. The
first of these was cultural difference. Most of the Turkish public schools provided
many Syrian children with access to education and a warm and safe learning
environment. However, poor school conditions associated with insufficient
resources and inappropriate curriculum planning hindered the delivery of high-
quality education (Aydin & Kaya, 2017). Many countries such as Turkey have lived
with immigrants for many years and seem to live even more. In this respect, the fact
that some of the participants in the study were Syrian immigrant students makes the

study important.

In this study, mathematical modeling activities were applied in an environment

where immigrant students were also present, and the results were evaluated. In this



respect, the present study differs from other studies with its participants, hoping to

inform future educational practices.

As a mathematics teacher employed in public school near to Syrian border, | was
directly exposed to the devastating influence of the war in Syria at school. The Syrian
students’ difficulties experienced in mathematics lessons, their struggles to be
integrated into classroom, and their low performances in mathematics triggered my
interest and | decided to conduct such a study to provide a better learning

environment to the students.

1.3 Definition of Terms

The following important terms are associated with the study.

Models: Models are “conceptual systems that are expressed using external notation
systems, and that are used to construct, describe, or explain the behaviors of other
system(s)-perhaps so that the other system can be manipulated or predicted
intelligently” (Lesh and Doerr, 2003, p.10). In this study, students’ solution paths

including the final answer encompassed the model.

Modeling: Modeling is the process of creating a model that represents a situation
(Sriraman, 2006). In this study, students experienced a modeling cycle, the path that
led students to reach an answer to the problem situation.

Mathematical Model: Mathematical model is all of the conceptual structures such
as equations, functions, graphics and mathematical thinking skills that exist or are
created in the mind so that a problem or real life situation can be expressed and
interpreted mathematically (Lesh & Doerr, 2003). In this study, the mathematical

aspects of students’ model were identified at the mathematical model.

Mathematical Modeling: Mathematical modeling is the process of mathematically
describing a situation, phenomenon and relations between situations that are not
based on mathematics and revealing the mathematical patterns within these
situations and phenomena (Verschaffelet al., 2002). A model as the product of a

mathematical modeling activity is described by Lesh and Doerr (2003, p.3) as



conceptual tools which are “sharable, manipulatable, modifiable, and reusable for
constructing, describing, explaining, manipulating, predicting, or controlling

mathematically significant systems.”

Model-Eliciting Activities (MEAS): These activities are open ended and real word
problems which are intented improve problem-solving skills and conceptual learning
(Lesh etal., 2000). MEAs encourage students to create mathematical models to help
students to solve complex problems about real world (Lesh & Doerr, 2003). In this
study, two MEAs were used to understand the modeling process of Syrian and
Turkish students.






CHAPTER 2

LITERATURE REVIEW

In this section, the related literature is examined in detail, and then the theoretical
framework of the study is given in light of the related literature. Before elaborating
on modeling studies and approaches in mathematics education, the problem-solving
that forms the basis of the modeling approach is addressed, and then the definition
of mathematical modeling and modeling approach in mathematics education is

discussed in detail.

2.1 Problem Solving and Its Place in Mathematics Education

The significance of understanding, associating, and expressing verbal or different
representations of information conveyed in mathematics lessons appears during
problem-solving process. Therefore, problem-solving activities can be the most
important tool of mathematics education and one of the most frequently studied
topics in mathematics education research. Mathematical problem-solving can
roughly be defined as “the search for a powerful procedure that links well-specified
givens to well-specified goals” (Zawojewski & Lesh, 2003, p. 318). Greer (1997),
Verschaffel et al. (1994) and many other mathematics education researchers stated
that the current problem-solving activities were far from meeting the needs of the

century.

Problem-solving has more than one meaning as an activity, as a process, and as a
context. Schwieger (1999) defined it as “the process of using tools, knowledge,
problem skills, and strategies to find or develop the solution to a problem” (p. 113).
Mayer (1985), on the other hand, defined it as “the process of moving from the given

state to goal state of a problem” (p. 124). Problem-solving is an activity where



students see problems as an obstacle which causes a skirmish between student’s
previous knowledge and new knowledge (Grugnetti & Jaquet, 1996). Among many
other fields of study, problem-solving in the area of mathematics is also an issue that
has been widely studied by many influential researchers such as Polya (1957) and
Schoenfeld (1992). There are even further classifications in the literature on
mathematics such as verbal problems, algebraic problems, routine and non-routine
problems (Selden et al., 2012), and real-life problems (Freudenthal, 1991;
Gravemeijer, 1997).

The competency of problem-solving activity depends on the nature and purpose of
the problem used. The purpose and appropriateness of the problems posed to students
in mathematics education are discussed by researchers. Researchers like Schoenfeld
(1992) and English (2003) stated that problem-solving activities need to be separated
from traditional verbal problem-solving activities and math exercises. According to
Schoenfeld (1992), problems and problem-solving activities need to involve

students’ high level cognitive and metacognitive processes.

As a result of the findings obtained from the studies on traditional verbal problems,
mathematics education researchers has focused more on modeling problems as a
problem-solving activity. Investigating problem-solving activities taught in the
classroom in terms of social and cognitive consideration, Reusser and Stebler (1997)
stated that when students solved problems for improving their mathematical
modeling skills, they did it without taking real-life situations and its limitations into
account. So, they argued that solving mathematical problems in mathematical
classrooms limited itself into classroom culture and was isolated from real life

conditions.

According to the study by Reusser and Stebler (1997), the following didactical

contracts existed in students against mathematical modeling problems:

10



“students frequently solve problems without understanding them (Raddatz,
1983; Reusser, 1984; Stern, 1992);

students readily “solve” unsolvable, even absurd, problems if presented in
ordinary classroom contexts (Baruk. 1989; Reusser, 1988; Schoenfeld,
1989);

students almost never ask themselves if a problem given to them is solvable
or not (Wertheimer, 1945);

students frequently use superficial keyword methods (or direct translation
strategies) rather than thinking deeply about the implied real-world situation
when solving stereotyped word problems (Bobrow, 1964; Nesher, 1980;
Nesher & Teubal, 1975; Paige & Simon, 1966; Schoenfeld, 1982;
Wertheimer, 1945);

students’ factual problem-solving behavior is heavily influenced by
contextual information (Reusser, 1984, 1988);

students who can easily deal with additive and subtractive problems within
the classroom seldom use the formal arithmetic notations when asked to write
down what happened in real-world situations dealing with candy, flowers. or
dice (Schubauer-Leoni & Perret-Clermont, 1985).” (p.310).

Traditional verbal problems do not improve students’ problem-solving skills since

students use some stereotypes in problem sentence, which is not meaningful for them

while solving problems (Greer, 1997; Nunes et al., 1993). Greer, Verschaffel, and

De Corte (1993) considered the applications of mathematics as mathematical

modeling to solve real-life problem situations. Researchers such as Greer (1993),
Verschaffel, De Corte, and Lasure (1994) stated in their studies that traditional

mathematics teaching method led students to develop a tendency to reduce

mathematical modeling to the level of choosing and solving only correct, formal

arithmetic operations without really understanding the nature and context of the

problem.

11



Many researchers (e.g., Blum & Niss, 1991; English & Doerr, 2004; Lesh & Doerr,
2003; Schoenfeld, 1992; Verschaffel et al., 1994) who focused on mathematical
modeling problems claimed that study with non-routine problems helped students to
grow up having real-life problem-solving skills both for school and outside of school
in their future lives. The idea that mathematical modeling helps students learn
mathematics more meaningfully by relating it to real life and that traditional problem
types in achieving a more meaningful learning proves to be insufficient constitute
the necessities of using modeling in mathematics education (Erbas et al., 2014). In
this case, mathematical modeling problems have the features of being non-routine
and open-ended.

2.2 Modeling in Mathematics Education

It is important to realize that a more meaningful learning is achieved by establishing
a relationship between the situations that people encounter in their daily lives and
the mathematical content they learn in schools. For this reason, mathematics
educators have turned to investigate the methods different from the traditional
problem-solving activities that could enable students to use mathematics more
efficiently in their lives. So, many studies were conducted on mathematical modeling
method that contained tight bonds with the real life and offered students rich

mathematical situations (Doruk, 2010).

Many researchers (e.g., Blum, 2002; Lesh & Doerr, 2003; Sevinc, 2021) have delved
more into mathematical modeling in recent years. Research strongly suggests that
learning, teaching and applying mathematical modeling include mathematical
thinking and different aspects of learning mathematics (Mousoulides et al., 2006).
Lesh and Doerr (2003a) defined the model as the whole of the conceptual structures
and their external representations that existed in the mind to interpret and understand
complex systems and structures. Besides, the ideas, notations, rules, some tools, and
equipment that people discover, develop, and use in order to understand nature of

mathematics are related to the concept of “model” (Lesh & Doerr, 2003).
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The model as a term is also used in mathematics education research as hypothetical
problem-solving model and mental “schemas” that describe processes such as
abstraction and generalization that take place in the problem-solving process. Models
emerge as a result of students’ formal or non-formal activities in the classroom

(Gravemeijer et al., 2002).

Modeling is a process of organizing problem situations in mind; coordinating,
systemizing, organizing and finding a pattern; using, creating different schemes and
models in the process of interpreting (defining, explaining or creating) events and
problems. Our real-life interpretations are the interaction of the model in our minds
with the real-life system. Generally, the mathematical model is a concept that
includes mental representations and schemas. Lesh and Lehrer (2003) also defined
the mathematical models as “purposeful mathematical descriptions of situations,
embedded within particular systems of practice that feature an epistemology of
model fit and revision” and mathematical modeling as “a process of developing
representational descriptions for specific purposes in specific situations” (p. 109).
The mathematical model entails all structures such as equation, function, graphic,
and mathematical thinking skills that exist or are created in the mind to express a
problem situation or real-life situation mathematically. Mathematical models are
conceptual tools required for individuals to interpret the problems and events they

encounter mathematically.

The difference of between model and modeling is similar to the one between process
and product (Sriraman, 2005). Modeling is a process of creating model for
problematic situation. From this point of view, model can be seen as a product,
whereas modeling is a process of creating a physical, symbolic or abstract model of
situation. In mathematical modeling, there is no strict and single procedure to reach
a solution using the givens. On the contrary, there are more than one way to solve
real life problem and procedure between those givens and the target to reach (Blum
& Niss, 1991; Haines, 2001; Lesh & Doerr, 2003).
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In the literature, traditional perspective and Models-and-Modeling Perspective
(MMP) are two different aspects of problem-solving and learning (Lesh & Doerr,
2003). According to the traditional problem-solving perspective, after students study
the necessary premises and computational procedures in context, these procedures
are applied to a set of problems that requires strategies for solving problems.
Therefore, students can deal with complex and realistic applied problems only in the
last part of the instruction. By contrast, in MMP, students use their conceptual
systems while creating strategies or procedures. According to the model and
modeling perspective, students revise, adapt, and create mathematical models
informed by real life context. Under this point of view, students learn problem-
solving and mathematization of the problem during the modeling process. Therefore,
according to model and modeling perspective, problem-solving becomes a sub-
category of applied problem-solving (Lesh & Zawojewski, 2007). The following
figure portrays a comparison between traditional perspective and model and

modeling perspective.
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Traditional Perspective Models and Modeling Perspective

Traditional Problem Solving Applisd Beoblem Solving

Traditional Problem
Solving

Applied Problem
Solving

1. Learn the prerequisite ideas and 1. Learn the mathematical procedures in
computational procedures in context. context and problem solving strategies
2. Solve the word problems including the together while constructing models.
newly learned ideas in context. 2. Develop mathematical ideas and problem
3. Learn the problem-solving strategies solving skills while making mathematical
4. Apply the problem-solving strategies to sense of the given real life problem.
real life situation that is given in the 3. Think the constructs, processes, and
newly learned context (if time permits). abilities that is essential to solve the

applied problems (i.e., model-eliciting
activities) as being at intermediate stages
of development, rather than mastered
prior to engaging in problem solving.

Figure 2.1 Traditional Perspective versus Models and Modeling Perspective (Lesh
& Doerr, 2003, p. 4)

Mathematical modeling problems, when compared to traditional problems, are more
open-ended, give students chance to work collaboratively, and enhance students’
ways of thinking. As shown in Table 2.1, mathematical modeling has multiple cycles
that require students interpret the real life situation, develop a solution, and then
relate the solution with real lie context. Thorough solving mathematical modeling
problems students work together, share their ideas and have a chance to change their
strategies; therefore, the process of modeling is as important as the model developed
at the end. Mathematical modeling process includes stage of developing, reviewing,
and revising the mathematical ideas (Lesh & Doerr, 2003a, 2003b; Lesh & Yoon,
2007). On the other hand, in traditional problem-solving perspective, the aim is

finding an answer from the givens using the mathematical ideas and procedures
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taught previously in the class and often occur as individual problem-solving

experience (Erbas et al., 2014).

Table 2.1 A Comparison between Problem-Solving and Mathematical Modeling

(Erbas et al., 2014, p. 1623)

Traditional Problem Solving

Mathematical Modeling

Process of reaching a conclusion using data

Context of the problem is an idealized real-

life situation or a realistic life situation

Students are expected to use taught structures

such as formulas, algorithms, strategies, and

Multiple cycles, different interpretations

Authentic real-life context

Students experience the stages of developing,

reviewing, and revising important

mathematical ideas mathematical ideas and structures during the

modeling process
Individual work emphasized Group work emphasized (social interaction,
exchange of mathematical ideas, etc.)

Abstracted from real life Interdisciplinary in nature

Students are expected to make sense of In modeling processes, students try to make
mathematical symbols and structures mathematical descriptions of meaningful real-
life situations

Teaching of specific problem-solving Open-ended and numerous solution strategies,
strategies (e.g., developing a unique developed consciously by students according
approach, transferring onto a figure) to the specifications of the problem
transferable to similar problems
A single correct answer More than one solution approach and solution

(model) possible

The related literature on modeling reveals that there are different approaches to
mathematical modeling. In the following section, different mathematical modeling
approaches and some significant studies are addressed.
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In the literature on mathematics education, a number of different theoretical
approaches and perspectives are adopted that affect the main objectives of the
research conducted on modeling teaching and learning (Blomhoej, 2008; Erbas, et
al., 2014; Hidiroglu & Bukova-Giizel, 2016; Kaiser et al., 2006; Kaiser & Sriraman,
2006). There are two main approaches emerged in the 1980s, namely the pragmatic
and the scientific-humanistic perspective. It has been observed that these two main
approaches actually foregrounded two main ways of modeling, namely theoretical
modeling and real-life modeling (Kaiser & Sriraman, 2006). However, with the
development of current discussions on modeling and the influence of the
constructivist paradigm shift in education, these approaches have further been
developed and differentiated in recent years, and there emerged various modeling
perspectives (Blomhoej, 2008; Kaiser et al., 2011; Kaiser & Sriraman, 2006). Kaiser
(2006) and Kaiser and Sriraman (2006) examined and classified the studies on
modeling presented in the congresses organized by the International Commission on
Mathematical Instruction (ICMI) and The International Community of Teachers of
Mathematical Modeling and Applications (ICTMA). This classification
distinguished the various perspectives in the discussion according to their main
objectives in connection with modeling and describes the backgrounds on which
these perspectives are based. In line with this, Kaiser (2006) classified the modeling
approaches available in the literature as realistic (applied), contextual, educational,

cognitive, socio-critical and epistemological approaches (see Table 2.2).

Table 2.2 Classification of current perspectives on modeling (Kaiser & Sriraman,
2005, p. 304)

Name of the Central aims Relations to earlier Background
perspective perspectives

Realistic or Pragmatic-utilitarian goals, Pragmatic Anglo-Saxon
applied i.e.: solving real world perspective of pragmatism and
modelling problems, understanding of Pollak applied

the real world, promotion of mathematics

modelling competencies
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Tablo 2.2 (continued)

Contextual Subject-related and Information American
modelling psychological goals, i.e. processing problem
solving word problems approaches leading  solving debate as
to systems well as everyday
approaches school practice
and
psychological lab
experiments
Educational Pedagogical and subject- Integrative Didactical
modelling; related goals: perspectives (Blum,  theories
differentiated in a) Structuring of learning Niss) and further and learning
a) didactical processes and its promotion  developments of the  theories
modelling and b) Concept introduction and  scientific-
b) conceptual development humanistic approach
modelling
Socio-critical Pedagogical goals such as Emancipatory Socio-critical
modelling critical understanding of the  perspective approaches in

surrounding world

political sociology

Epistemological
or theoretical

Theory-oriented goals, i.e.
promotion of theory

Scientific-
humanistic

Roman
epistemology

modelling development perspective of

“early” Freudenthal
Cognitive Research aims: Cognitive
modelling a) analysis of cognitive psychology

processes taking place during
modelling processes and
understanding of these
cognitive processes
Psychological goals:

b) promotion of
mathematical thinking
processes by using models as
mental images or even
physical pictures or by
emphasizing modelling as
mental process such as
abstraction or generalization

Each approach highlights a different aspect of mathematical modeling in this
classification. According to the realistic modeling, mathematical modeling refers to
the practical applications of mathematics in real life. It aims to develop students’
problem-solving and modeling skills. In this approach, what is important is to give

students problem situations from engineering and other disciplines and to apply the
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mathematical knowledge they have learned in different contexts. Crouch and Haines
(2003) defined realistic mathematical modeling as the activity of students to make
sense of different ideas, problems, mathematical, and non-mathematical concepts. In
this perspective, mathematical models and their real-life applications are the focus
of the definition of mathematical modeling. The contextual modeling is regarded as
“realizing mathematics through realistic problems, solving of which required not
only analysis of the problem context but also mathematical reasoning and
computation” (Sevinc, 2021, p. 614). In this approach, students are given meaningful
real-life situations. Thus, it is assumed that students can learn mathematical concepts

in meaningful contexts.

In the educational modeling, modeling is seen as school practices which are related
to curriculum goals. In this approach, the aim is to teach concepts to students by
creating appropriate learning environments and processes with mathematical
modeling. The socio-critical modeling emphasizes the role of mathematics in society
and highlights that critical thinking might be promoted to foreground. This approach
suggests that students’ critical thinking skills that they could use specific to their own
society and cultural structure should be improved. It is thought that mathematical
modeling activities are important for realizing this aspect of mathematics. It is also
assumed that students’ discussions using mathematics from simple to complex will
contribute to the development of their critical thinking skills in the modeling process.
In the epistemological modeling, modeling could be used in both mathematical and
non-mathematical studies. The last perspective, the cognitive modeling is perceived
as meta-perspective and consists of complex modeling activities (Kaiser & Sriraman,
2006). This approach highlights that modeling activities need to provide a guiding
environment for teachers in order to understand and support students’ thinking

processes.

The contextual perspective, called verbal problem-solving, together with the model
eliciting perspective, created a theory-based perspective that goes beyond problem-
solving at school (Kaiser & Sriraman, 2006). According to Lesh and Doerr (2003),
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models are conceptual systems in the mind that are transferred to the outside world
with different notation systems, used in the process of creating, defining and
explaining complex systems, and containing rules, operations, relationships and
other structures. Mathematical modeling is a process during which existing models
are used or new conceptual models are created. There is no strict and single
procedure application in the process of reaching the goal by using the information
given in the modeling process. Lesh and Doerr (2003) approached the modeling from
the constructivist perspective after conducting many studies on mathematical
modeling for many years. According to the constructivist understanding, every
knowledge or structure in our mind goes through a structuring process. Therefore, it
is very important to contribute to the processes of structuring students’ own

knowledge.

Models-and-modeling perspective is “categorized under the contextual modeling
perspective” (Sevinc, 2021, p. 614) and described as a “problem-solving and learning
perspective in mathematics education” (Sevinc, 2021, p. 611). In this modeling
perspective, what is fundamental to all modeling perspectives is to relate real-life
situations to mathematics (Borromeo Ferri, 2018). Simulations of real-life situations
are called model-eliciting activities which are defined as “problem-solving activity
constructed using specific principles of instructional design in which students make
sense of meaningful situations, and invent, extend, and refine their own mathematical
constructs” (Kaiser & Sriraman, 2006, p. 306), and as real-life situations where
students’ conceptual understanding is revealed and evaluated (Sevinc & Lesh, 2018).

Therefore, itis possible to claim that MEASs have reflexive and collaborative process.

2.3 Modeling Process

In recent years, mathematical modeling appears as one of the topics that sparks
growing interest among the mathematics education researchers (Mousoulides et al.,
2005). As previously stressed, the definitions of mathematical modeling were

established on different theoretical foundations (Kaiser et al., 2006). Since the

20



approaches are different, mathematical modeling attains different purposes and
offers different application types depending on the definitions. While some
researchers see the modeling as a paradigm beyond structuralism for mathematics
education (Lesh & Doerr, 2003b), in some other perceives, it as a reduction of daily
situations into a mathematical language (Haines & Crouch, 2007; Verschaffel et al.,
2002).

Although there appears no consensus on the use of mathematical modeling in
education among researchers, it is still possible to make a simpler classification
within the scope of the goal of using mathematical modeling in mathematics teaching
(Erbas et al., 2016; Galbraith, 2012). It would not be wrong to claim that there are
two general approaches to modeling in education, namely “learning by mathematical
modeling” and “learning mathematical modeling”. The learning with mathematical
modeling is the modeling that is concerned about students developing their own
mathematical models and focuses on learning outcomes (Erbas et al., 2014; Erbas et
al., 2016). MMP is based on the perspective of using modeling as a teaching tool to
achieve other curriculum needs or educational goals (Lesh & Doerr, 2003). In other
words, mathematical modeling functions as a method and context in the acquisition
of mathematical concepts and structures in these approaches. In the learning with
mathematical modeling approach, there is a real-life mathematics orientation, and
the process during which relevant mathematical structures are created, developed,
and generalized is at the forefront.

On the other hand, the learning mathematical modeling approach focuses on helping
students learn mathematical modeling and aims to develop students’ modeling skills.
While real-life applications of mathematical structures, concepts, and models are
included in the modeling, they are considered as objects that can be used in real-life
situations (Erbas et al., 2014). This modeling provides students with real-world

problem-solving experience and also aims to help them develop a mental modeling
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infrastructure where they can be independent users of mathematical knowledge so
that they can address problems in the world independently (Erbas et al., 2014;
Galbraith, 2012; Kertil et al., 2016).

Mathematical modeling consists of a cyclical structure that can be evaluated and
renewed, which is inherent in mathematics and science, includes professional
applications of mathematicians and scientists (Lesh & Zawojewski, 2007; Romberg
et al., 2005). During the process of modeling, one switch between real world and
mathematics, as the process of modeling begins with a complex real-life situation.
The relevant literature clearly reveals that there are different perceptions and
approaches towards modeling, and therefore the researchers presented modeling
process differently (Blum & Ferri, 2009; Borromeo-Ferri, 2006; Erbas et al., 2014;
Galbraith & Stillman, 2006; Sevinc & Lesh, 2018). Contrary to the traditional
problems found in the course books, the process stressing the interplay of real-life

and mathematics is not linear in mathematical modeling (Lesh & Harel, 2003).

Description

Real World Model

Verification

e

Prediction

Figure 2.2 Four-step modeling cycle (Lesh & Doerr, 2003, p. 17)

Defining modeling cycles, Lesh and Doerr (2003) referred to four steps: description,
manipulation, prediction and verification (see Figure 2.2). According to Lesh and
Doerr (2003), these steps include:
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(a) description that establishes a mapping to the model world from the real
(or imagined) world, (b) manipulation of the model in order to generate
predictions or actions related to the original problem-solving situation, (c)
translation (or prediction) carrying relevant results back into the real (or
imagined) world, and (d) verification concerning the usefulness of actions

and predictions. (p. 17)

Apart from Lesh and Doerr’s cycle, Ferri (2006) used a seven-step modeling cycle
to explain modeling cycle adopting a cognitive perspective (see Figure 2.3). This
modeling cycles includes the steps of constructing, simplifying, mathematising,

working mathematically, interpreting, validating, and exposing.

1 Constructing
2 Simplifying

real medel & : mathematical Structuning
problem 3 Mathematising
madel & problem 4 Working

mathematically

2 5  Interpreting
S E 6 Validating
real situation ﬁf"—""‘_ siuation 7 Exmosing
& problem h.__r__...a' model 4 T Exposing
6

mathematical
real L resulis
results

5

mathematics
rest of the world

Figure 2.3 Modeling cycle proposed by Blum and Leifl (Blum & Borromeo Ferri,
2009, p. 46)

This modeling cycles include “(1) understanding the real-world problem situation,
(2) structuring the situation model, (3) mathematizing to develop a mathematical
model, and (4) working mathematically to develop mathematical results that will
then be (5) interpreted and (6) validated within the real-world situation, and (7)
presented as a solution of the real situation” (Sevinc, 2021, p. 614). It is important to
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note that this modeling cycle proposed by Blum and Leill were utilized in the current
study. The modeling cycle begins with a real-life problem situation. First, the
problem situation must be understood by the problem solver, that is, a mental model
of the situation must be constructed. The situation should then be simplified,
structured, and refined to identify what needs to be done to solve the problem. At

this stage, the variables should be identified and explained.

During the mathematization phase, the relationships between the variables should be
determined and defined. As a result of the mathematization process, a mathematical
model or models should be created. By working on these models mathematically
(e.g., solving the problem using numerical operations, interpreting graphics, etc.),
mathematical results are obtained. The mathematical results obtained are interpreted
and their real-life counterparts are tried to be explained. Finally, the agreement
between real results and mental representations is checked and verified using real-
life experiences. Verification also includes checking the transactions made.
Verification can also be performed by making comparisons with the data obtained
as a result of problem-solving in similar situations or making additional research on
the context. If the result obtained is not validated in the real-life problem situation,

the cycle is started again.

Doerr (1997) emphasized that interrelations of cognitive operations during a
modeling process did not necessarily have to occur in any order, but each of them
was in close relationship with each other (see Figure 2.4). Although this statement
appears to be a common point of view highlighted by many other studies, Doerr
(1997) actually drew attention to the interrelation circularity in the process of
modeling, which makes it different from the others (Ferri, 2006; NGACBP & CCSSO,
2010).
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Represent
objccts and
relationships

Define
relationships
and operate

Gather data
and select
objects

(Rc) define
the
problem

Figure 2.4 Modeling Process (Doerr, 1997, p. 268)

The Figure 2.4 shows that a certain sequence is not strictly followed; there will be
transitions from each stage to the next in this model. In addition, Doerr (1997) stated
that students matched their perceptions with cognitive models at every stage in the
cycle, transformed their models and continued to argue by returning to the perceived

problem situation in this model.

In the modeling process of Galbraith and Stillman (2006), there are explanations
about seven different stages for individuals who perform mathematical modeling and

the transitions between these stages (see Figure 2.5).
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A. Messy real 1 .| B.Real _2_. C. Mathematical model _3_’ D. Mathematical
world < 3 world < > < » Solution
situation problem

statement

4
7
6 - ) 5 . .
G. Report F. Revise model or A E..R(’ai world meaning
> Accept solution «+——p» of solution

1. Understanding, structuring, simplifying, interpreting context

2. Assuming, formulating, mathematising

3. Working mathematically

4. Interpreting mathematical output

5. Comparing, critiquing, validating

6. Communicating, justifying (if model is deemed satisfactory)

7. Revisiting the modelling process (if model is deemed unsatisfactory).

Figure 2.5 Modeling Process (Galbraith & Stillman 2006, p. 144)

As shown in Figure 2.5, the problem-solving process is explained by tracking the
arrows around the diagram from the top left clockwise. As a result of successful
modeling, if the report or solution is considered inadequate in any way, it results in
another modeling cycle. This pattern consists of arrows that indicate the direction of
the modeling cycle, as well as arrows pointing in the opposite direction to them.
While the opposite arrows underline that thinking is far from linear or unidirectional
in the modeling process, it also shows the presence of metacognitive activity that
permeates every part of the process. Therefore, metacognitive activity could look
both forward and backward due to the stages in the modeling process (Borromeo-
Ferri, 2006; Galbraith & Stillman, 2006).

While real situation, situation model, real model, and real result are defined as the
“rest of the world” in the modeling process in Figure 2.3, these steps are defined
outside the “messy real world situation” in the modeling process in Figure 2.5. There
are ordering differences between the modeling steps in both modeling cycles (Figure
2.3 vs. Figure 2.5). In the modeling in Figure 2.5, the constructing and simplifying
steps are given before the real world problem situation statement. Furthermore, while
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the working step comes after the mathematization step in Figure 2.3, the modeling
in Figure 2.5 is considered together with these two steps. Apart from these, although
there is a validating step in the modeling cycle in Figure 2.3, there is a justifying step
in the modeling cycle in Figure 2.5. This shows that the operations performed in the
mathematization step in the modeling are verified and checked in the cycle in Figure
2.3, while the operations in the cycle in Figure 2.5 are checked in order to justify.
Although both modeling cycles are similar to each other, it is realized that the steps

change according to the purpose of the modeling.

2.4 Review of the Related Literature

This part zooms into the studies investigating mathematical modeling processes
carried out with primary and middle school students. When the studies in the
literature are examined, it has been observed that various studies were conducted on
the applications of modeling problems. It is because students can define the simple
relationships in nature, apply the models, and realize the potential and limitations of
the models. Moreover, students can comment on existing models and switch between
the theoretical and practical aspects of mathematics related to modeling and

problem-solving while discussing (Blomhgj & Kjeldsen, 2006).

Kant (2011) examined the modeling processes of 8th grade students and aimed to
reveal the difficulties encountered in these processes. The mathematical ideas
developed by the students to create a model, and the written documents obtained
were analyzed using the theoretical framework offered by Stillman et al. (2007). The
findings of the study revealed that the students encountered difficulties in the

transition between the steps according to the mathematical modeling process.

Sahin and Erarslan (2016), on the other hand, aimed to reveal the difficulties that
students faced in these processes by examining the thinking processes of 4™ grade
students on model building activities. The focus group worked on a mathematical

modeling problem called “the Crime Problem.”
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The findings of the study showed that on the one hand, students experienced some
important difficulties in this process such as understanding the problem and
interpreting the data, but on the other hand they made assumptions about daily life
and produced ideas.

Besides, English (2004) reported a mathematical modeling application conducted in
the second year of a three-year long-term study in which a class of students and
teachers participated in mathematical modeling activities from grades 5 to 7. The
activity focused on mathematical considerations, such as sorting, weighting orders,
selecting, and adding ordered quantities students had applied these ideas in different
ways to produce models independent of the instructions. In another study, English
(2006) analyzed the conceptual development and mathematization processes of 6th
grade students while working with a set of model building activities. The findings of
the study revealed that students independently constructed structures through
meaningful problem-solving and successfully completed the process. Students’
processes of constructing structures operationally included creating systems for
describing structures; selecting, classifying, and ordering factors, quantification of

quantitative and qualitative data, and involving conversion of quantities.

Mousoulides and English (2008) investigated the mathematical development of
students living in Cyprus and Australia while working on a modeling problem. The
findings showed that students in these two countries with different cultural and
educational backgrounds went through a series of modeling cycles such as applying
mathematical operations to deal with the data set and identifying relationships with
their tendencies. This study also showed that students in these two countries showed
similar approaches in the model-building process. The findings showed that students
in both countries simply summed up the amounts presented in each table given in
the activity and then ranked the workers. On the other hand, some groups in Australia
made the average calculation. Most of the groups focused on relationships within a
single table and were often unsuccessful in identifying relationships between
different tables.
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English and Watters (2004) considered the first year of three-years study that
introduced mathematical modeling to young children and provided professional
development for their teachers. The analysis of the data revealed that the students
showed different levels of development in their mathematization processes. It also
revealed that modeling activities were powerful tools that developed important
mathematical ideas and problem-solving processes at an early age. In a similar study,
English and Watters (2005a) investigated the development of mathematical
knowledge and reasoning processes. The findings of the study showed that the
modeling problems used to encourage young children to develop important
mathematical ideas and processes that they would not encounter in school
curriculum. Although some groups had difficulties, students’ ability to interpret and
use of data tables improved. In addition, in both modeling problems, it was
demonstrated that the students used their personal information to explain and
interpret the data. Furthermore, it was found necessary for young children to be
confronted with mathematical knowledge presented in a variety of formats, including
data tables. The study also demonstrated that these modeling activities contributed
significantly to the development of young children in mathematical description,

explanation, reasoning, and discussion.

Zawojewski, Lesh and English (2003) scrutinized the role of small group work with
model eliciting activities to understand the significance of model eliciting activities’
and provided initial guidance for implementing these types of activities. In this study,
model eliciting activities provided students with opportunities to communicate each
other and share their thoughts. Researchers found out that model eliciting activities
with small groups led to conservation where productive ways of thinking were
preserved over time. Using model eliciting activities in school mathematics
classrooms helped students to share their ideas and communicate with each other.
Besides, model eliciting activities gave students the opportunities of discussing with

each other, so modeling process improved mathematical power in collaboration. All
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of these findings showed that model eliciting activities with small groups provided
alternative ways to think about the real-life situation and communication between

students.

In another study focusing on model eliciting activities, Lesh and English (2005)
showed that model eliciting activities eliminated the differences between students.
In fact, average ability students were capable of developing more powerful models
(Lesh & English, 2005). Apart from these studies, there are many other studies
carried out at primary and middle school levels, examining the difficulties faced by
students (Kant, 2011; Sahin & Erarslan, 2016), students’ mathematical and social
processes (English, 2004), students’ mathematization processes, and students’
reasoning processes (English & Watters, 2004). Under the light of all these, it has
been thought that the current study will contribute to the relevant literature by
examining the mathematical modeling processes of students with different cultural

and educational background.
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CHAPTER 3

METHODOLOGY

The aim of this study was to investigate a case of Turkish and Syrian seventh grade
students’ performances in a modeling cycle in their collaborative work on model-
eliciting activities. In this section, | mentioned the study’s methodology in detail.
First of all, I described the design of the study, context, participants, and data

collection tools. Following this, I introduced the quality and limitations of the study.

3.1  Design of the Study

Case study is one of the qualitative research methods which gives a researcher the
opportunity to analyze and interpret a group, events or relationships in a context.
(Cohen et al., 2000). In a case study, researchers choose a limited context, including
a person, an organization, a class, a policy, or any unit of study. A limited context
also helps a researcher define what is not to include in research. If a researcher cannot
specify a limit on the number of participants or the time required for his research, it

cannot be considered a case study (Merriam, 1998).

Since each context has a unique and dynamic structure, a case study aims to “reveal
the dynamic, complex and unclear relationships of events, human relationships or
other factors within a context” (Cohen et al., 2000, p.182). In other words, it
examines the events, facts, and relationships between them as a whole. According to
Yin (2009), a case study is “an empirical inquiry that investigates a contemporary
phenomenon in depth and within its real-life context, especially when the boundaries

between phenomenon and context are not clearly evident” (p. 18).
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In this study, the researcher employed a qualitative case study as the research design.
In the present study, the case constituted an integrated group of 7' grade students.
Since the number of Syrian students in the classrooms was generally less than the
number of Turkish students, a small demonstration of the class was made with two

Turkish and two Syrian students, and they were asked to work collaboratively.

As mentioned above, the context is important in a case study; therefore I explained

the context of the case study in detail below.

3.2 Context

After the civil war in Syria, millions of people left their homes and took refuge in
other countries as immigrants. Turkey, one of these countries, is hosting millions of
immigrants. Gaziantep is one of the places where these immigrants mostly live. With
the integration of the Syrian students into the Turkish education system, it is now
quite possible to find immigrant students in many schools. These students are now
becoming part of education systems rather than being guest students. Many
immigrant students lost their relatives and even their parents or siblings in the war
and fled to Turkey. Therefore, the adaptation of students into new school
environment in Turkey were not easy due to both psychological and physical
conditions. the Syrian students came to Turkey but they did not receive any
psychological support. There was no guidance or psychological counselor due to the
insufficiency of the current conditions in the school. This aggravates the conditions
of immigrant students and even complicates the adaptation process further.
Therefore, it is very important to include immigrant students in educational research

and projects.

The context of the study was a public middle school in Gaziantep. The school opened
in 2011. It was close to the Syrian border, thereby consisting of Turkish and Syrian
students. As there was no other school nearby, the building encompassed the

elementary and middle school together.
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There were approximately 70 students from 1% grade to 4™ grade and 130 students
from 5" grade to 8" grade. Most of the students, who came to school from different
villages with school buses, were from low socioeconomic backgrounds; their parents
were mainly farmers and truck drivers. After the spring season, some of the students
were not able to attend the school, as they helped their families. Unfortunately, there

were so many families that do not want their daughters to be schooled, as well.

The school was located far from the city center. Teachers provided transportation
with their own cars. School conditions such as transportation and accommodation
were not sufficient. That is why, the school was not much preferred by the teachers
to be employed due to its location. There were some students who constantly
changed teachers and sometimes attended school without teachers since middle
school ages. In terms of mathematics lessons, students were mostly taught by
teachers whose expertise were not on mathematics for a long time. Therefore, almost
all the 7" grade students were below an average mathematical achievement. Some
of the students were not even familiar with basic calculations. Even worse, some of
them do not know how to write and read. Especially immigrant students had
difficulties in reading and writing.

A math teacher had been employed at the school in 2016. There was only one
mathematics teacher out of the total nine. A mathematics curriculum suggested by
MoNE was utilized. It was often not possible to teach a course in accordance with
the prepared curriculum. The reason for this was that the required background
information of the students was not sufficient. On the one hand, the teacher tried to
teach lessons in accordance with the curriculum, on the other hand, he tried to make
up for the shortcomings of the students in previously-covered subjects.

Within the scope of Fatih Project initiated throughout Turkey, there were smart

boards in the school, but the Internet and electricity were too problematic to use
them. The researcher had also been a mathematics teacher in the school since 2018.
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There were not enough manipulatives and materials to use for teaching mathematics.

3.3  Participants

Convenient sampling and purposive sampling were used in selecting the participants
for the study. According to Patton (1987), the purposeful sampling allows a
researcher to examine the situations that are thought to provide rich knowledge.
Participants of this study consisted of a group of seventh grade students involving
two Syrian and two Turkish students selected from two integrated seventh grade
classrooms (from 37 students in total). In the classrooms from which the case
participants were selected, there were eight immigrant students and six of them had
been in Turkey for more than 4 years and they could speak Turkish; however, seven
students had difficulty in understanding and interpreting what they read. All students

who had difficulties in reading and understanding took a reading course.

The model-eliciting activities were implemented in two 7" grade classrooms, but the
data was collected only from the focus group participants involving two Syrian and
two Turkish students. While applying activities, the participants were divided into
groups of four. There was one group which was determined by the researcher as a
focus group. Due to the insufficient number of Syrian students, the number of
Turkish and Syrian students in the groups was not equal. Therefore, the researcher
formed the focus group from two Syrian and two Turkish students. While selecting
the students in the group, attention was paid to include students who could work in
harmony with each other and contribute to group work. To make it easier to follow
the result of the study, Turkish students were named Burcu and Merve , while the
Syrian participants were named Abdullah and Salih. The names attributed to them
were pseudonyms. A more detailed information about the case participants was

presented in the following.
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Table 3.1 Characteristics of the Case Participants and Students’ Pseudonyms

Participants (PTs) Class Gender Nationality
Burcu 7 Female Turkish
Abdullah 7 Male Syrian
Merve 7 Female Turkish
Salih 7 Male Syrian

The researcher also had detailed information about the participants as he was the
teacher of the participants. He collected this information by paying family visits
during his teaching period. In the following, a detailed description of the participants

in the focus group was demonstrated one by one.

Burcu: She was a Turkish citizen living with her family in a village close to the
border. Burcu was very ambitious and a determined student, and she was the
youngest of 6 siblings. Because her family did not have a regular income, her parents
worked as seasonal workers. Burcu was a student who loved reading books and she

could also write beautiful essays.

Abdullah: He fled to Turkey due to the war in Syria, and he had been living in Turkey
for about 4 years. Abdullah lost his brother in the war, and some of his relatives
remained in Syria. The student was older than his classmates because Abdullah had
not been able to go to school for a long time. In general, Abdullah did not talk a lot
with his friends, but lived his feelings intensely. Regarding this participant, the
teacher said, “On the teachers’ day, the students gave small and big gifts to their
teachers. However, Abdullah was quieter than the others in that day. I could not ask
about this situation among his friends and | could not see Abdullah again that day.
The following day Abdullah came to me with a paper in his hand and gave the paper
to me and ran away. On the paper, Abdullah wrote that his writing was bad, so he

had asked his brother to help him write about teachers’ day. Although Abdullah’s
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academic success was very low, he tried to attend the classes regularly. He helped

his father after school and his family at the farm where they worked.

Merve: The participant was a Turkish citizen living in a family of 10 siblings, and
she attended the school regularly. Since there was not enough room in the house,
Merve was staying in the same room with his siblings and parents. Although her
academic success was low, she was a very good athlete. She was ranked in the
competitions, and she received medals. Although she had a good social relationship
with her friends outside classroom, she did not participate in the classroom very

much.

Salih: The participant was a Syrian student who attended the school later. Due to the
displacement of his family, he came to the school at the beginning of the semester
when the study was conducted. Salih lived with his relatives because he lost his
mother in the war. Although he could speak Turkish, he had troubles in
understanding what he read. For this reason, his academic success was low. The
focus group’s data was used for the findings in this research. Almost all the students

had an average mathematical achievement.

34 Data Collection Tools

In this study, video recordings, audio recordings, written works of the participants,
and field notes were employed. During the implementation process, two activities
were recorded on video, and audio of the focus group was recorded. Every group’s

written works and field notes were also used as a main data source.

34.1 Video and Audio Recordings

Two cameras were used during the implementation process. One recorded the

research focus group, whereas the other recorded the whole class. Data was also

collected by using the audio recording method for the focus group. The researcher
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could understand participants’ gestures, intonations, conversations or movements
better with video and audio recording. In addition to this, video and audio recording
enabled the researcher to listen and watch data multiple times. In this way, the
researcher had an opportunity to examine the data in detail.

3.4.2 Written Works and Field Notes

The researcher supported the findings with written works of the participants and field
notes. The participants’ notes and their papers were used for the findings. Moreover,
the researcher took notes during the implementation process. The written works and
field notes made significant contributions to the findings of the research. They helped
the researcher to see the big picture. The diversity of data helped the researcher to

obtain the findings in more detail and meticulously.

3.5  Modeling Activities (MEAS)

In this study, MEAs were used as data collection tool. Two different MEAs were
adapted to observe the participants. MEAs’ contents were presented in the Appendix
A. Having different solutions of modeling activities created the opportunity to
examine students’ problem-solving skills and ways of thinking. The researcher chose
activities according to the participants’ grade level. The content validity of the 7th
grade subjects was taken into consideration when choosing the activities. While
choosing the activities, attention was paid to two different topics so that the
researcher could have the opportunity to observe the different mathematical thoughts
and behaviors of the participants. The “Let’s Build Environmentally Friendly
Structures with Plastic Bottles™ activity was chosen because it was appropriate for
the students’ real-life situations. The “Summer Job” activity, on the other hand, was
chosen because it was used by many researchers in the middle schools (e.g., Larson,
2013; Lesh & Lehrer, 2000; Lesh & Doerr, 2003).
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The first activity called “Let’s Build Environmentally Friendly Structures with
Plastic Bottles” was taken from Giirbiiz and Dogan’s study (2018) (see Figure 3.1).

PET SISELERLE CEVRE DOSTU VAPILAR INSA EDELIM
Her w1l bar milyvondan fazla hayvan plastik tiiketinui yiiziinden hayatlanm kayvbediyor.
Dns etmenlerin etkisivle parcalanan pet siseler, mikro plastik olarak dogava ve dogal
vasama zarar verivor. Oniine gegilmezse bilingsiz pet gise kullanimi dofavi ve
vasami tehdit etmeve devam edecektir. Oysa kullamilan pet sigelerin havyata
kazandmilmas: igin farkl alternatifler bulunmaktadir. Omegin, pet siseler zellikle
gelir seviyesi digik dlkelerde ev vapuiminda kullamlarak dayvamikl ve maliveti digik
evler vapilivor. Bévlelikle hem ekonomik kazang saflantyor hem de doga korunmusg

oluyor.

Ulkemizde vasam kogullar: dikkate alindifinda pet siseler kullanilarak insa edilen
wvapilarin ingaat sektorinde kullanmma pek vaygmn degildir Ancak iilkemizde gevre
kirlilifine wurge vapilmasmi vwve veniden knllamim konwsunda farkindalik
olusturulmasini saglamak icin park ve okul bahgeleri gibi ¢esgitli sosyval alanlara pet
sigelenn kullamlarak yvapilar yapmak miimkiindiir.

Cevre dostu vasam alanlanmim clusturulmasmm saflamak ve gevre kirhilifinin
dnlemenin en etkili vollar: maddeleri geri doniisimleri, geri kazanimi ve veniden
kullangmudir. Bu wyiizden “Cevwreci Yapilar™ adli bir proje kapsamuinda okul
bahcelerine birer ovun evi yapilacaktir.

Sizden bu proje kapsaminda okulunuzun bahgesine bir ovun evi yapmamsz
istenmektedir. Yapilacak bu ovun evi icin kag adet pet sizeve ithtivacimz oldufunuzn
gerekeelerivle agikladifimiz bir rapor istenmektedir. (Not: Ovuon evinin boyvutlarim
kendiniz belirleveceksiniz )

MNot: Pet sigelerin esnemesinden kaynaklanan kayviplar gdz ard: edilecektir.

Figure 3.1 Let’s Build Environmentally Friendly Structures with Plastic Bottles

In this activity, the students were asked to build houses using plastic bottles they

collected from hotels, restaurants and the surrounding area. In this activity, the
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students would fill the plastic bottles they collected with soil or rubble and use filled

plastic bottles instead of bricks.

The second activity, “Summer Job” (see Figure 3.2), was taken from the case studies
prepared by Purdue University College of Engineering website (Purdue University,
2016). In this activity, the students were presented with data tables including the
details about the wages of the employees’ working hours and the amount of money

they earned (see Appendix A2 for the given data table).

Ahmet gegen yaz bir lunaparkta calisan 6grencilerin miidiirii olarak ise basladi. Ogrenciler
parkta miisterilere patlamig misir ve icecek satarak para kazaniyorlardi. Ahmet gelecek yaz
hangi 6grencilerin galismasina devam edecegine karar vermek igin sizden yardim istemektedir.

Gegen yaz Ahmet 9 6grenci calistirmigti. Bu yaz ise 3 tanesi tam zamanh 3 tanesi yari zamanh
olmak iizere 6 kisi calistiracaktir. Ahmet en fazla para kazanan 6 kisi ile cahismak istemektedir.
Ogrencilerin galistiklan saatler farkl olduklari icin Ahmet calisan 6grencileri nasil
kargilagtiracagini bilmemektedir. Calisma saatleri bu is i¢in oldukga 6nemlidir. Ornegin;
kalabalik bir Cuma gecesindeki satiglar yagmurlu bir cumartesi giiniinden daha fazla para
getirmektedir.

Ahmet gecen sene ¢alisma saatleri ve kazanilan paralarin kayitlarini tutmustur. Ahmet
tablolar hazirlarken ¢alisma saatlerini ve ¢aligilan saatlerdeki yogunluklar dikkate almigtir.
(Tablolar kontrol ediniz.) Gegen yilin verileri kullanilarak olusturulmustur tablolara bakarak
Ahmet'in segecegi kisilere yardimci olmaniz istenmektedir. Segilecek kigilerden 3 tanesi tam
zamanl ve 3 tanesi yari zamanh olarak ¢alisacagini unutmamalisiniz.

Buldugun sonuglari Ahmet’e mektup yazmalisiniz. Mektubunda degerlendirmeni nasil
yaptigini agikga belirtmeni ve her seyi detaylica yazman istenmektedir. Simdi hangi yolu
kullanarak degerlendirme yapacagini bulma zamani.

Figure 3.2 Summer Job

The students were asked to dismiss some of these employees and to clearly write
their reasons for dismissal. Following this, the participants were asked to indicate the
method they used to fire the employees. It was stated that the methods of the

participants would be used by the employer in the future.
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Prior to the implementation, the problems were translated into Turkish and adjusted
to suit the Turkish culture and the region of the participants. At the same time, expert
opinions were obtained from two different mathematics teachers in order to check
the suitability for the student level, language-expression, intelligibility, and cultural

harmony.

Validity issues had to be revised as MEAs were translated by the researcher. To
review these issues, an English translator, a faculty member interested in
mathematical modeling, a doctorate student in mathematics education, and a
mathematics teacher were recruited as experts. These experts first checked the
relevance and format of the events for validity. In line with the information obtained
from the experts, MEAs were reviewed and adjusted for the study and the

participants.

3.6 Data Collection Procedure

The researcher took the necessary permissions from the university and school where
the study would be implemented. Before the study was carried out, necessary
permissions were obtained from Middle East Technical University’s Human
Subjects Ethics Committee (see Appendix B for ethics committee permission). A
pilot study and actual study were implemented after the permissions. Before the
actual study, the pilot study was carried out at the beginning of the spring semester
of 2019-2020 school year. The changes and procedures were determined by
considering the results of the pilot study. According to the findings obtained from
the pilot study, the study was rearranged and reviewed for the actual phase. Later, in
the 2019-2020 school term, the actual study was carried out with focus group for 2

weeks.

The activities consisted of two parts: warm-up and modeling process for each MEA.
In the warm-up part, the participants were given an assignment to read problems

outside the school. This assignment included text and corresponding reading
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questions. The aim of the warm-up part was to enable the participants to make
meaningful connections between their real life situations and MEAs. In the
classroom, the researcher asked the participants what they thought of the reading text
and elicit responses from some students. After that, the researcher distributed the
activities containing the problem situation and asked the participants to read it
quietly. Once the case participants read the problem statement, one of them often
read the statement aloud. The researcher initiated a discussion about what the activity
required. Thanks to the discussion, it was ensured that the subject and problem
situation were understood by the participants before initiating the study.

The duration of the activity was determined as two class hours without a break. To
determine the length of this period, the students’ ideas were also taken into
consideration. At the end of the event period, the case participants were expected to
write a letter about their models, as stated in the directions of the activity. The
researcher’s role was to become a facilitator throughout the event so that the

creativity and productivity of the participants were not intervened by the researcher.

3.7  Data Analysis Process

Data analysis is one of the most difficult stages for qualitative researchers. It is the
process of gaining the meaning of data (Merriam, 2009). It is not an simple process
even for experienced researchers to present the findings obtained as a written report
by analyzing the collected data (Yildirnm & Simsek, 2005). There are different
concepts and approaches in the literature on the analysis of qualitative data.
However, what is common to all these approaches is the significance attached to the
description of the data and the determination of categories. It is also important that
the researcher’s comments and the associated categories are meaningfully
associated. The main purpose here is to reach the concepts and relationships that can
explain the data obtained. For this reason, the data is conceptualized first, then it is

arranged in a logical manner according to the concepts emerged, and the categories
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that describe the data are determined accordingly (Yildinm & Simsek, 2005). The
basic process in content analysis is to gather similar data within the framework of
certain concepts and categories and to organize and interpret them in a way that the

reader can understand.

Bearing these in mind, the researcher examined all the video and audio recordings
obtained during the study without forgetting the purpose of the research. The
researcher decided on critical behaviors, students’ blockages, and how they changed
from MEA-1 to MEA-2. The findings were supported by the notes collected during

the event and the notes of the participants.

Before analyzing the data, audio record of focus group work was transcribed. Written
transcripts, solution papers of the students gathered during the modeling process of
each group, and observation notes were examined. Highlights were recorded. Audio
and video time intervals were examined repeatedly to find critical behaviors and
patterns. The patterns derived from these difficulties and critical behaviors were
divided into codes. For the analysis of the data, firstly, the relevant studies in the
literature (e.g., Blum & Borromeo Ferri, 2009; Doerr & English, 2003; English,
2004, 2006; Lesh & Doerr 2003) were examined. Second, the codes were

determined, and lastly a pre-code list shown in Table 3.2 was created.

Table 3.2 Preliminary Code List

Preliminary Code List

Understanding situation of problem

Configuring the problem’s situation

Making problem’s situation simple

Explication of the content

Understanding the tables, graphics and verbal information, and making inferences from
them

Presenting an opinion for model

e Deciding on model
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Table 3.2 (continued)

e Hypothesizing

e  Practicing model

e Mathematical processes used for problems

e Transition period (between qualities and quantities indication figures which are used

e Explication of table data

e Mathematical ideas which are used

o Explication of mathematical outputs according to real-life situation

e Criticizing

e Evaluation

e Revising model/repeating modeling process

e  Accepting model

e Reporting

e  Getting understand situation of problem

e  Making configuration problem’s situation

e Making simple problem’s situation

e Explication of content

e  Getting understand tables, graphics and verbal informations and making inference from
them

e Presenting an opinion for model

e Deciding on model

e  Practicing model

e Hypothesizing

e Mathematical processes used for problems

e Transition period (between qualities and quantities indication figures which are used

e Explication of table data

e Mathematical ideas which are used

e Explication mathematical outputs according to real life situation

e Criticizing

e Evaluation

e Revising model/repeating modeling process

e  Accepting model

®  Reporting

Some of the data were interpreted and coded by two researchers with the help of the
codes in the table. After the remaining data were coded by the researcher according
to the codes in the table, the codes not used in the table were removed from the code
list. The remaining codes were organized, and the category list given in Table 3.3

was prepared.
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Table 3.3 Categories, Codes and Descriptions

Categories

Codes

Description of Categories

Understanding the

Problem Situation

understanding the situation
of problem

configuring the problem’s
situation

making the problem’s
situation simple
explication of the content
understanding the tables,
graphics and verbal
information and making
inferences from them

Reading the given problem’s
situation by students;
debating process about what
is given and requested in
problem’s situation;
simplifying the givens,
explication the content, and
inference about givens

Presenting Idea(s) for
the Model

presenting an opinion for the
model

Before making mathematical
calculations, initial opinions
presented by students

Mathematization

hypothesizing

mathematical processes used
for problems

transition period (between
qualities and quantities)
indication figures which are
used

Explication of the table data
Mathematical ideas which
are used

Students’ stating real life
problems as mathematical,
and working on it as
mathematical

Evaluation,
Interpretation and
Retry

Explication of mathematical
outputs according to real-life
situation

Criticizing

Evaluation

Revising the model/repeating
modeling process

Students’ explication of
mathematical opinions,
evaluating them; trying again
by changing the false ones

Evaluation and
Interpretation

Explication of mathematical
outputs according to real-life
situation

Criticizing

Evaluation

Students’ explication of
mathematical opinions and
evaluating them

Creating and Exposing the
Model

Deciding on the model
Practicing the model
Accepting the model
reporting

Students’ creating the
decided the models and
reporting modeling processes
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It is important to note that this revision process of pre-code list to final code list was
guided by Blum and Leif3’s modeling process (Blum & Borromeo Ferri, 2009)

modeling process explained in the previous section in detail (see Figure 2.3).

3.8  Quality of the Study

In this study, triangulation method was used to ensure the credibility of the data
analysis. The triangulation is a method where more than one data source, method
and theory might be used (Creswell, 2007). In the current study, video and audio
recordings, field notes, and the participants’ writings about the event were used as
multiple data sources. Findings from different data sources were compared to each
other to make sure that they were consistent with each other. Other factors that
demonstrate the validity of the study are long-term observation and adequate
participation (Creswell, 2007; Merriam, 2009). Therefore, the study was carried out
for four weeks. This working time was sufficient to learn the participants and
learning culture formed in the process. In addition, this period allowed the researcher

to collect more accurate and detailed data about the desired phenomenon.

The position of the researcher is important in qualitative methodologies for the
interpretation of the target phenomenon without bias (Creswell, 2007). For this
reason, the researcher might state assumptions, biases, and dispositions in research
to ensure the credibility of the study and to enable readers to better understand how
interpretation of the findings is achieved (Merriam, 2009). In this study, the
researcher was the actual teacher of the participants. Therefore, the course and nature
of the course were not affected during the research. The participants expressed their
ideas easily, because they knew the researcher and carried out their work in a free
environment. The researcher’s recognition of the participants allowed him to make
more accurate and reliable observations. The fact that the researcher was also the
actual teacher of the participants made the participants very comfortable. Therefore,

some undesired chatting took place between some participants. To prevent such
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distractions, the researcher warned the participants who chatted or disrupted the flow

of the study.
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CHAPTER 4

FINDINGS

In this section, the findings of the focus group's mathematical modeling processes
are presented in the order of application of the mathematical modeling problems
named “Let's Build Environmentally Friendly Structures with Plastic Bottles” and

"Summer Job”.

4.1  Let’s Build Environmentally Friendly Structures with Plastic Bottles
MEA

In this activity, the students were asked to build a playhouse in the school garden
using plastic bottles, one type of the recycling products. The students were expected
to find the number of plastic bottles required for the playhouse they designed. The
students in the group produced solutions according to the situation given in the

activity.

4.1.1 Initiating the Modeling Cycle: Making Sense of the Situation

Modeling cycle includes the processes in which students begin to put forward their
initial ideas in order to understand and mathematize the real-life problem situation

when faced with a problem situation.

Burcu: | realized that a playground should have been built in our school.

Abdullah: We will build a playhouse, not a playground.

Burcu: Where is it written?

Merve: Look, it says here that you are asked to build a playhouse in the
garden of your school within the scope of this project.

Burcu: Yes, I haven’t seen it.
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Merve: We are asked to build the playhouse using bottles. 1 think we will
collect the bottles to keep the environment clean.

Burcu: Yes yes, we need to use bottles. What do you think guys?

Merve: | think you should give your opinion, too.

Abdullah: I think we also need to build using bottles.

Burcu: Then, if we are going to use the bottles, we have to decide on the size
of the bottles?

Merve: I think so, too.

Merve also read the question aloud and listened to other friends in the group during
the process of understanding the problem. Modeling cycle starts with understanding
the problem situation. Turkish students reading comprehension level was higher than
Syrian students, so they could make sense of the problem better and helped the
Syrian students in the step of cycle. The participants started to discuss what they
understood from the problem situation in the group after a period of silence. They
tried to decide on the size of the bottle to be used. As it can be understood from the
dialogue above, the students started talking about the size of the bottle without
making a plan for the solution. As the students were aimed to do matematization,
they mathematically set the quantities involved in the problem and needed for the
solution. Hence, although the students did not have a solution plan yet, they tried to

determine the data they would use.

Burcu: But first we have to decide on the building size. I don’t think we
should make the building big.

Merve: Why?

Burcu: Because, in a big construction, while we build one, the other side
can be destroyed. So, it can be long in length and small in width.

Merve: | think we should decide on which bottle to use first.
Burcu: How many liter-bottle size do you think we should use?
Abdullah: 1.5.

Merve: 2.5.

Burcu: | think we should use half-liter bottle size.
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Merve: Then lots of bottles would be required, but instead we could use large
bottles to finish the construction quickly.

Burcu: Yet, | think the most used bottles are half-liter bottles. It can be found
more easily. In daily life, even at school, half-liter bottles are
more, but other bottles are not easily found. The number of bottles we
need is quite high, so | think we should prefer half-liter bottles.
Otherwise, the construction may have to stop after a while. Besides,
we will keep the environment cleaner as we collect more bottles. And
look, there’s even a half-liter water bottle on our table.

As it is apparent in the conversation above, Merve and Burcu had different ideas
about the size of the bottles. When choosing the size of the bottle, the students
evaluated it in terms of size and availability. Merve stated that small bottles were not
useful, so large bottles would be more efficient. It can be seen that Merve held the
idea of using larger sized bottles to increase the speed of building and reduce the
construction time of the building. Burcu, on the other hand, explained why half-liter
bottles were useful, based on mathematical data analysis. The students exploited both

mathematical data and daily life situations while making their decisions.

Students tended to take the decision that was appropriate depending on their
perspectives. It has been observed that Syrian students often did not participate in
group conversations, while Turkish students were trying to get Syrian students to
participate in the conversation. The process of deciding the bottle size was based on
associating the problem situation with the daily life situation of the students. Turkish
students in the group were initially checked several times whether there was
information about the size of the bottle in the problem text. In the Turkish education
system, problems that require establishing a relationship between what is given for
students and what is wanted from them are frequently asked. This might be the
reason why the students searched for the information they needed to use in case of a
problem in the question. Syrian students, on the other hand, did not participate much

in this process.

49



Abdullah: I also agree.
Burcu: Salih, why don’t you express your thoughts?

Salih: I think everyone should come up with an idea for himself, then let’s
choose the good idea.

Merve: Then there is no point in being a group. We are asked to do it as a
group. You can also speak your mind.

Burcu: Besides, | think small bottles will be more advantageous than other
bottles in terms of durability since they will be closer to each other.

Merve: Now that we have determined the bottle, let’s decide what kind of
structure we will make.

Merve: Let’s go back to a question first and look at the question again.

Burcu: It would be nice if we could use the small bottles. Because in case
of an earthquake, the caps of small bottles are opened less than
others.

Abdullah: Do we need to consider the earthquake situation?

Burcu: Of course we have to consider all situations.

As the conversation above clearly shows the students established a general
relationship, considering the questions asked in the problem situation. They decided
the type of the bottle by discussing the dimensions of the building. In the decision-
making process, the students made questioning according to the situations they might
encounter in daily life. One of the Syrian student also thought about earthquakes
because of the earthquake they experienced. Burcu said that close bottles with small
volumes would increase durability although there was no topic related to resilience

in the school curriculum.

In addition, students tried to encourage each other to increase the participation in the
group. Students who made individual efforts in exams and similar applications were
asked to find a result as a group in this process. This actually increased the dialogue

among the students and allowed them to see each other as teammates rather than
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rivals. After that, the students moved on to the process of developing the structure

they were going to build.

4.1.2 Pursuing the Modeling Cycle: Mathematizing the Situation

This stage of the modeling cycle includes the processes of evaluating the ideas
presented by the students in order to mathematicalize the given problem situation,

interpreting, retrying, and trying to understand the problem situation by returning to
the problem when necessary; therefore, it was presented in parenthesis in the flow of

the modeling cycle, and creating the models.

At this stage, the students struggled to decide on the dimensions of the building they
would build by using the dimensions of the bottle they decided on.

Burcu: First, let’s look at the size of the bottle and decide on the building
accordingly.

Salih: We should measure its base.

Merve: You measure the size of the bottle first. What is the height of the
bottle?

Burcu: Shall we round 19.38?

Merve: | think it will be easy when calculating, let’’s round it up.

Here, the students tried to provide ease of operation by using rounding in numbers.
Meanwhile, Merve stated that the height of the students at the school need to be
measured. As can be seen from the dialogue above, although Saliht thought that it
was necessary to measure the bottom of the bottle, Merve asked about the height of
the bottle. Here, it was seen that the students planned to construct the structures
differently. Later in the study, the students focused on the bottom of the bottle.
However, at this stage, Salih’s opinion was not taken into account. The reason for

this could be that Syrian students could not explain themselves very well.

o1



Merve: Convert that measure to meters.

Burcu: Okay, I'll translate. 5x20=100. Was it a hundred centimeters or a
meter? Ask the teacher.

Merve: Sir, isn’t a meter a hundred centimeters?
Teacher: One meter is equal to 100 cm.

Burcu: If 100 cm is equal to one meter...
Merve: We need billions of bottles.

Abdullah: No, you don’t need that much.

Burcu: | think we should determine the size according to the number of
students.

Here, the students asked the teacher about the number of students in the school. It
was seen that they took the average of the student’s heights to determine the
necessary dimensions for the building. However, although the averages they
accepted were not the true averages of the students at the school, they reached this
conclusion by estimating. The students continued their studies with the values they
had predicted.

Turkish students tended to ask the teacher questions when using mathematical
knowledge or when they could not remember the necessary mathematical operations
of the subject they wanted to use. Syrian students, on the other hand, tried to find a
solution to the problem situation without asking questions to the teacher by using
their existing knowledge. The students confirmed the process required to make the
average by checking their books. Afterwards, they asked the teacher about this
information and make calculations. Turkish students asked the teacher questions to
use the information they had learned to solve the problem and to check the accuracy

of this information.
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Merve: The dimensions we have determined should be proportional to each
other.

Burcu: Yes, | think it can be more robust if we make it proportional.

Merve: For example, if we make it 5 meters tall, its width should be 3
meters.

It is seen that the values determined by the students were more often based on
assumptions rather than mathematical calculations. The students agreed that they
needed to pay attention to the average height of their height during the decision
stages. In the meantime, they realized that the averages they took in the above

quotations were estimates and decided to calculate the averages within the group.

While calculating the mean, the students used mathematical features such as
rounding and approximation for the convenience of the operations. While estimating
and rounding, the students discussed in the group with justification. Before the study,
the students learned the mode, median, and mean subjects in the data analysis in the
classroom. It was thought that the students tried to associate the problem situation
with the subject they had learned. However, mistakes made in calculations and
operations caused different results. The students especially had difficulty in the
division process and found the value by rounding the result they reached. In addition,
another observed situation during the process was that when students had operational
difficulties, they started to think that the path they had taken was wrong, and they
tended to look for different ways for a solution. In general, the students tried to find

solutions to the problem situation by using their current mathematical knowledge.

Burcu: We need to calculate the average.
Merve: To do this, we need to know everyone’s height
Abdullah: Let’s take the average of our heights instead.

Salih: However, we are in middle school. How do we find the average of
students in elementary school?
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Burcu: We approximate their average. After all, their average cannot
exceed us.

Abdullah: Yet, there are students in elementary school who are taller than
middle school students.

Merve: However, they are either written late or they are up to grade
repetition. | think everyone should tell me their height.

Burcu: The sum of our heights is 175+158+163+139= 635. If we divide
this by 4, it becomes approximately 158. Actually, there are some

decimal numbers, but | cannot calculate it now.

The students found the mean of the group, because they thought it was difficult to
find the mean of all the students in the school. According to the group average, they
aimed to obtain information about the school. It can be suggested that the students
made a general approach from a particular to a general approach. This idea was put
forward by Abdullah. To calculate the average, Turkish students thought about
determining the height of all students in the school and calculating. Here, Turkish
students thought that all participants, whose average wanted to be calculated, need
to be included in the calculation. On the other hand, Abdullah aimed to obtain
information about the average in the group and the school in general. Turkish
students had frequently been given exams and quizzes on the subjects they learned.
In these exams, information about data was given clearly and students were expected
to make calculations using this data. In this study, the students aimed to determine
their data group and obtain information about the determined group, which was
reasonable from the researcher’s perspective. Calculation of the average height of all
students in the school would take a lot of time to find and calculate the height values
of the students in the school. It did not seem possible to make this calculation during

the duration of the study.
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The students tried to determine the dimensions of the playhouse they had planned to
build with the group average. However, it took a long time for the students to decide

on the dimensions of the building using the average.

Abdullah: You stop calculating the average. Let’s do it for the longest.
Burcu: Let’s write it anyway. “Write everything clearly,” said the teacher.
Salih: OK.

Burcu: Let’s use proportion, but I don’t know how to do it.

Merve: Let’s define the width

Abdullah: 2.5m

Salih: 3m

Merve: 2m.

Burcu: Letitbe 3 m

Merve: All right.

Salih: Write 3 m.

Burcu: | now take it as 3 meters.

Abdullah: Length 2 m.

Merve: 2 m.

Burcu: Now I’'m going to make a ratio, but if we were getting 100, I don’t
remember exactly what we were doing.

Merve: We were multiplying.

Burcu: 2 times of 3 is 6, 2 times of 2 is 4, 2 times of 6 is 12, 2 times of 4 is
8. It will go on like this, it’s best to ignore the ratio.

As can be seen in the quote above, the students tried to decide by making
mathematical calculations, but they continued by guessing, thinking that the
operations they had been done did not give them a correct result. Turkish students
generally tried to relate them to the subjects they had learned in the decision-making

process. It was observed that they tried to present a justification for the actions taken
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based on the information they had learned. However, they constantly changed their
minds because they were hesitant about how to use the data and the actions to be
taken. As the conversation above demonstrates, the decisions made by students were
not deliberative in final step as the time of the project decreased. Salih thought that
the average would not be appropriate because he thought the outliers were different
from the mean and thought that it would be a suitable value for everyone if they took
the tallest student as a reference. Since the mean value gives information about the
overall group, it becomes difficult to evaluate extreme values. Salih might have
thought that building dimensions were calculated according to extreme values and
thought that it was unnecessary to make an average. Turkish students, on the other
hand, tried to decide on the building dimensions by considering the ratio-proportion
issue. However, the determined values were decided without any mathematical
justification. The students could not remember exactly what the operations on the
ratio-proportion were, and they checked this in their books. Turkish students tended
to get help from their books and teachers in the procedures to be done. On the other
hand, Syrian students made an effort to find solutions by using their existing
knowledge. Turkish students especially tried to associate them with the subjects they

had just learned.

Furthermore, some expressions used by the students showed deficiencies in
mathematical knowledge. The students could not decide where to use the results of
the mathematical operations they had done.

Merve: Can you fit in a place less than 10 meters tall?

Burcu: I can’t fit.

Merve: Then it should be greater than 1.60.

Abdullah: So, let’s take it as 1.70

Burcu: One minute. Let’s call the length 3, let’s call it 2, too. Let’s say 60 a
X. 3X +60 times 2 though. It becomes 40, but what did I find?

Merve: I think let’s say 1.80 in height, and it’s over.
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Salih: Let’s increase the width and decrease the length.

Abdullah: Let’s find out how many bottles we need for a wall using the
dimensions of the bottle.

Merve: We need thousands.

Because the duration of the activity decreased, the students rushed in their decisions.
As can be seen from the example above, students did not know why and for what
reason they did those calculations. Besides, the students presented ideas about
different subjects at the same time in the group. However, the ideas were presented
without relying on mathematical justification. Since mathematical problems are
generally solved by using operations, it is thought that students try to justify
themselves by doing operations. The students showed similarity in the exams held at
schools. The students tried to justify their results by writing operations in case of

problems that they could not perform.

Burcu: Ok, let’s draw a shape and do calculations on it.
Merve: Okay, | am drawing.
Abdullah: I will help you.

Burcu: I also find the base circumference of a bottle, we learned this in our
previous lessons.

The students discussed the dimensions of the building for a while in the group.
Afterwards, they measured the dimensions of the classroom with the help of meters,
getting permission from the teacher. There was a large ruler in the classroom but
Another group was using the only ruler. When Salih stated that he could measure the
classroom by footsteps, Turkish students asked him to measure with a ruler.
However, it was not obligatory to use only a ruler as a measuring tool. Salih tried to
do what was faster and easier. In addition, the information given to the students in
the length questions was usually numerical data. The students were asked to perform

mathematical operations using this data.
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The students worked on the drawing for a while and tried to calculate the number of
plastic bottles needed to construct the building, whose image was presented in Figure
4.1.
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Figure 4.1 The visual that the students drew for the dimensions of the building.

The students used their knowledge of a building from daily life in developing a
model. The stages of determining the building dimensions were not clear. There were
differences between the dimensions of the plastic bottle they used and the dimensions
specified in the drawing. The students did not use the mathematical data they
obtained by discussing it in the group. They took real-life situations into account,
such as the volume of the bottle to be selected, the material to be used to fill it, the
size of the building suitable for school students. It was observed that the students
more often noted down the calculations they had made but they could not establish

a relationship between them.
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Salih: How wide is a bottle?
Burcu: 5 cm.
Merve: Then let’s find out how many bottles are needed for one meter?

Burcu: Since 100 cm is a meter, wouldn’t the number of bottles required
for one meter be 20?

Abdullah: Isn’t it 7 meters that we set as the maximum?
Burcu: Yes.
Salih: Then let’s calculate based on this value.

Burcu: Now, see if 15 bottles are required for 1.5 meters, let’s find the

number of bottles required for 7 meters by proportion.

Although the students used the correct mathematical method, they did the calculation
incorrectly (see Figure 4.2). The students tried to make the necessary calculation for
the width.
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Figure 4.2 The image of the calculation made by the group using ratio and

proportion

However, they did not check the accuracy of their results. The students found only
one edge length of the wall, but they thought that the result they found represented
the area of the wall. The students could not see the relationship between edge and
area. The mathematical calculations they had made did not seem to be related to the

model they had drawn above.
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This showed that the students only did mathematical calculations to find a result. It
was thought that with the decrease in the time, the students were in a hurry and they
wanted to reach a result before the time run out, as the following dialogue

demonstrated.

Burcu: How do | divide 105 by 1.5?

Merve: We can’t bother division it for two hours now.
Abdullah: Ask the teacher.

Salih: Stop asking the teacher.

Burcu: What if you could count on the figure you drew.
Merve: How will I count?

Abdullah: Let’s write a number in our head.

Contrary to the previous conversations, Abdullah might have thought that it was
necessary to ask questions to the teacher in the conversation above. Salih, on the
other hand, said that asking questions must be passed, and a conclusion must be
reached. It can be seen that students tried to reach a numerical result by performing
mathematical operations. In the meantime, it was realized that they struggled to get
away from the problem situation and to achieve more results. It was determined that
they continued by taking the approximate values of the mathematical operations, not
the results of the operations they had done. It was also determined that the students
moved away from the building dimensions they had decided by drawing and

continued with the dimensions in their speech.

Burcu: Not just by looking at the width and height.
Merve: Why?

Burcu: We will create a wall with these bottles.
Merve: So?

Abdullah: Will the middle of the wall be empty?
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Burcu: No, the middle of the wall cannot be empty.
Merve: What do you mean?

Burcu: We need to calculate the area of the wall.
Merve: Calculate then.

Burcu: We multiplied what and reached 30 000.

Merve: We made a ratio and we found 30 000 there.
Salih: 1 found 25 000.

Merve: Just wait. We need to write a number which is not important now.
Burcu: We need to write more reports.

Merve: Come on, let’s write a number out of your head.
Burcu: But it’s not like that.

Abdullah: Just look at it, the time is running out.

Merve: I’m starting to write the report.

Here, the students tried to reach a conclusion by performing a few mathematical
operations. The students saw the relationship between the edge and the area and
realized the mistake they had made. At the point of calculation, the students found a
number without basing the result on mathematical calculations. Afterwards, the
students tried to report the numbers they had obtained in the group. The students
concentrated on reporting their work. In the meantime, the decisions were taken and
the applied process was made without evaluating it within the group. The researcher
thought that the studnets’ concerns for the time stemmed from the exams and
applications performed during the education and training process. There was only a
process of finding a result, leaving the effort to find a result and the processes and

products of the studies for this.

It was observed that the students did not discuss and interpret the data they gathered
from the model they created. It was also observed that the students could not use the

values they collected from a particular model that they constantly changed.
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However, the students generally tried to relate the values they were trying to achieve

to daily life. The work done by the students during this activity was summarized in

Table 4.1 in terms of mathematical modeling.

Table 4.1 Summary of the Group’s Modeling Cycle for the Let’s Build
Environmentally Friendly Structures with Plastic Bottles Problem

Stages of the
Modeling Cycle

Categories

Modeling Process

Initiating the
Modeling Cycle

Encountering and understanding a
real-life problem situation

-Reading and trying to understand
the problem situation

Presenting the idea(s) for the model

-Prediction of the size of bottle

-Using real data (size of bottle, and
classroom)

-Data collecting (groups height)
-Measurement (classroom size)
-Arithmetic mean (average of the
groups height)

-Approximation (size of bottle and
game house)

Mathematization

Pursuing the

Modeling Cycle Evaluation, interpretation, and retry ~ Evaluation, interpretation, and
retrying by experimenting with
ideas introduced in the
mathematization (e.g. arithmetic
mean of of height of group,
aprroximation of size of bottle,
number of bottles-size of game

house ratio )

Table 4.1 was a summary of the work done by the students in the modeling activity.
In this table, it is understood that the students understood the real-life problem in
initiating stage of the modeling cycle and used the estimation and real data for the
model. The presentation of ideas for understanding and solving the problem in the
initiating stage was mostly done by Turkish students. Syrian students did not
contribute much at the beginning of the study. Turkish students considered their daily
life situations to find the size of the bottle they could use to solve the problem.

In pursuing modeling cycle stage, the mathematical operations that the students made
data collection, arithmetic mean, and

for the model were measurement,
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approximation. However, the students could not make sense of the mathematical
operations they used for the model. The mathematical operations performed by the

students could not go beyond the process. The relationships between the obtained
results could not be established. It was observed that the students moved away from
the problem situation after creating a model and tended to find results. With the
decrease in the activity period, it was understood that the students evaluated the
results they found only numeric, and they did not establish a relationship between
the results and the problem situation. In pursuing modeling cycle stage, Turkish
students tried to associate the operations they did with the subjects they learned.
Turkish students tended to ask the teacher questions where they had difficulty at this
stage. They tried to decide on the dimensions of the building to be built by
establishing a relationship between their daily life situations and the mathematical
data they obtained. However, Syrian students participated more in this stage. They
joined more in the conversations taking place in the group. For the solution of the
problem, they tried to make a general interpretation by using the mean value within
the group. In addition, Syrian students worked in cooperation with Turkish students

in the processes necessary for problem-solving.

4.2 Summer Job MEA

In this activity, the students were asked to dismiss a few of the workers working at
the amusement park. Working hours and earned wages were written on the two
different tables given to the students. In addition to that, the students were expected
to report the method they used to dismiss.

4.2.1 Initiating the Modeling Cycle: Making Sense of the Situation

The students first read the problem situation individually and started to examine the
table as a group without discussing what they understood from the problem situation.
Before the group work started, Merve asked the teacher about the table and assumed
the summer working hours as the number of people. The students first tried to make
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comments by looking at the values given without paying attention to the table’s
name. The students, who were examining the tables together with the teachers,
started to argue about the tables after a while. In order to understand the problem
situation, the students read the study aloud in the group and tried to understand it
together. At this stage, the group worked as a whole, and all the students in the group

contributed to the understanding of the problem.

Abdullah: What should we write here?

Merve: First, we should try to understand the tables.
Burcu: I agree with you.

Merve: They gave two tables.

Burcu: The table above is about working hours and the following is about
the money they earn.

Salih: How so?

Burcu: For example, Alim (an employee given in the data table) worked
12.5 hours and earned 690 liras in return.

Salih: Can | have a look at it, too?

Merve: Sure.

The students tried to understand the given tables as seen in the dialogue. They tried
to establish a relationship between the information given and the table. Once the
students grasped the problem situation, they commented on the data given for the
month of June.

Merve: Who worked the most in June?
Salih: Working times are changing.

Burcu: I think we should add up and divide the working times. So, let’s
find their average.

Abdullah: I think everyone should look at one person.
Merve: I will find Sumeyye’s (an employee given in the data table) average.

Burcu: I will find Zehra’s (an employee given in the data table).
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Abdullah: Alim (an employee given in the data table)

Burcu: Everyone hurries up.

Merve: Average 28.

Burcu: Write in the corner.

Abdullah: | found 29.5.

Merve: How?

Burcu: You need to find the mean.

Abdullah: You told me to collect it. You didn’t say I had to do the

division.

Merve: But you have to find an average. You need to divide the numbers
you have collected by how many numbers you have in total.

Burcu: Whose values did you collect?

Abdullah: Alim.

Merve: You miscalculated the sum of Alim's values.

Burcu: When adding decimal notations, commas should be one after the
other. Total ...

Merve: 36.5.
Burcu: | think we will find decimal numbers.
Abdullah: Are you serious?

Burcu: Should we try another way?

The students tried to calculate the average of the working hours of the employees by
using the data in the table. They were expected to establish a relationship between
the average and the wage. Abdullah stated that he did not know how to calculate the
mean, so Merve helped him. While comparing the averages they obtained, they
encountered recurring decimal notation. Since they did not know how to calculate
recurring decimal notation, they tried to find another solution to the problem. The
students could not continue the strategy of finding average of working hours they
were trying to implement due to their lack of mathematical knowledge. As in

building game house activity, the students could find the average of their working
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hours using approximate values. Thus, by finding the wages earned per hour, the
students could comment. The students thought of other solutions because they had

difficulty in finding the average of working hours because of decimal numbers.

Salih: I think we should sort and decide.
Merve: How?

Salih: Let’s look at the sum of their income and sort. Then we decide
according to the data we get from there.

Abdullah: | think it makes sense.

Burcu: Yet, income alone is not important. There are also crowded, normal,
and quiet times of the amusement park. It’s not as easy as you think.

Merve: Let’s try, but it’s pointless.

The idea of collecting and sorting the money earned by the employees was presented
by Syrian students. On the other hand, Turkish students thought that the amusement
park had different situations depending on whether it was crowded and quiet, so the
data obtained would be meaningless. The students considered looking at the
relationship between the working hours and the earned money. However, it was not
clear whether they would calculate the money earned per unit hour or the total money
in the study to be conducted. In this process, the working hours of the employees in
the amusement park and the crowdedness of the amusement park were neglected.
The students thought that the work done after a while was a waste of time. The reason
for this might be that there was more than one variable in the data table, and the

students ignored these variables and thought on the total.

Burcu: There are working hours and many variables depending on whether
the amusement park is crowded or not. We can’t just collect coins and
decide.

Merve: | also agree with you Burcu, because it would be unfair to look at it
only with money.

Burcu: Do you care about it? The Alim worked for 12.5 hours when it was
crowded.
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Merve: He earned 690 liras. Let’s divide 690 by 12.5.
Abdullah: Why are we dividing?

Burcu: I think everyone should have their own opinion.

Salih: I think we should add up money and divide it into hours.

Burcu: Information about crowded and normal quiet times is given in the
table. Let’s see Alim worked 12.5 hours in the crowd in June and
earned 690 liras. Fatma (an employee given in the data table), on the
other hand, earned 474 liras in 5.5 hours. There is a huge difference
in working hours of Fatma and Alim, but the difference in the money
they earned is not that much. That’s why Fatma worked better here.

Merve: Let’s find the hourly wages.

As can be seen in the dialogue above, the students decided that sorting was not the
right decision, so they worked to find the wages earned by the employees in an hour.
The students aimed to find the money earned in an hour by dividing the total amount
of Salih money by the working hours. Salih was making comparisons here by
dividing two quantities; in other words, he was using the ratio issue. Salih aimed to

find the money earned by employees per hour and compared them accordingly.

At the beginning of the study, the students tried to find the working hours of the
people and the average of the money they earned. In response to the opinion of Salih,
Burcu made a comparison according to the crowdedness of the amusement park.
Burcu said that Fatma worked better than Alim, and while making this comparison,

Burcu only compared the data.

The path followed by Burcu was mathematically correct. Merve, on the other hand,
thought of finding the money earned per hour. The students presented three different
ideas for the solution of the problem situation. The students worked on these ideas
for a while. However, the fact that the mathematical operations to be performed were
decimal numbers, and the data given in the tables were extensive, which caused the

students to find a different way of solution. The students thought that they would
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waste a lot of time due to the high number of mathematical operations that had to be
done. Therefore, they were more cautious in this activity because they had problems
with the time in the first MEA.

Abdullah: These operations are very difficult.

Merve: We cannot finish these processes within the given time
Burcu: I think 1 agree with you. We have to find something else.
Merve: How?

Burcu: I think let’s just look at the values in the crowd. Let’s just evaluate
them without thinking deeply. Alim did very well in the crowd in
June.

Merve: Although working hours in August are equal to those in June, he
earned more in August. Let’s write it as he had made more profit in

August.

The students had difficulties in interpreting the data in the table. They did not want
to have too many mathematical operations due to the decrease in time. The main
reason was that there was too much data, and some of the numbers were given in
decimal form. In addition, since the data for each month was given in three groups,
it was thought that the students had difficulties in interpreting. In addition to all these,
having more than one table was considered as another difficulty faced by students.
Although Merve mentioned that Alim made a profit in August, there was no
objection from the students in the group. In order to calculate the profit, the inputs
and outputs must have been known. After discussing it in the group for a while, the
students decided to look at the time period when the number of customers in the park
was the highest.

Abdullah: Yet, how are we going to decide by looking only at what happens
at the crowded time?

Burcu: The most important thing is the crowded times.

Merve: Let’s evaluate the employees at the same hour.
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Burcu: Azra worked less and earned more money in June, but that’s what
she earned in the crowd. We’ll check the others as well.

Merve: Let’s see if it’s organized.
Burcu: Let’s also eliminate those who experienced a decline in the process.
Merve: Then let’s eliminate Tugge.

Burcu: She did not work in June. It would be meaningless to look at Tuggce
for the month of June.

Merve: Let’s eliminate. So what?

While the students were considering the comparison according to the earned money
in crowded times, different ideas emerged between Turkish students. They thought
of dismissing the employee who showed a decrease in the earned money. This idea
was mathematically different from other ideas. This difference was the decision to
be made according to the change in the money earned over time. This mathematical
approach could be easily solved with the help of graphics. The students came up with
this idea disregarding the issue of equation graphs. However, since there was more
than one idea for the problem situation in the group, it was thought that this idea was
not emphasized much. While thinking of eliminating one person, Tugge (one of the
employees in the given table of the MEA), the students in the group objected to this.

The group opposed this decision, which had no mathematical validity.

Burcu: No way.

Abdullah: I don’t think so either. Then it would be the same as random
sifting.

Salih: Tugge earned 125 TL in 3 hours.

Burcu: I don’t know what to do.

After discussing for a while in the group, the students decided that Tugge’s dismissal
was a random decision. In this process, the students evaluated the decisions they had

taken and tried to put forward mathematical reasons for the determination of the
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people to be fired. As it could be understood from the quotations above, the students
changed their solution strategies to solve the problem. They would try to decide on

the person to be fired by calculating the average.

4.2.2 Pursuing the Modeling Cycle: Mathematizing the Situation

The modeling cycle continued with the processes of evaluating the ideas presented
by the students in order to mathematize the given problem situation, interpreting,
retrying, and trying to understand the problem situation by returning to the problem

when necessary and creating models.

During this time, the students thought about adding the total amount of money they

earned.

Salih: So, let’s decide based on the total money they earned.
Merve: I think it makes sense. Then let’s decide.

Burcu: I don’t know if it will. Let’s take a look at their total working hours

as well as the amount of money they earn.

The students returned to the idea of determining the people to be dismissed based on
the relationship between the total working hours and the total earned money at the
beginning of the study. During this time, the students thought about adding the total
amount of money earned by employees and giving a decision. After collecting the
working hours of the employees and the money they earned, the students wrote down

the data they obtained as in Figure 4.3.
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Figure 4.3 Students’ calculations of the total amount of money

The students prepared this table, because the data given in the study were seen as
complicated and difficult to perform mathematical operations. The students
combined two different tables given in the activity and gave a single value for time
and money depending on the months. Using this table, the students aimed to see the
relationships between the total time and total money of the employees in the table
they prepared. However, the students created the table without deciding on the

mathematical justification they would use for dismissal.

Burcu: Okay, how are we going to decide now?

Salih: Here we can lay off the lowest paid employees.

Merve: Do you think it makes sense?

Abdullah: I think it makes sense.

Burcu: He maybe earned less because he worked less, how can we decide?

Merve: You are right. I think we should give up this idea.
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The students could not obtain any results from this strategy they tried. The students
tried to compare the hourly wages earned by the employees by calculating. It was
seen here that the students determined their decisions by trial and error and did not
base them on mathematical foundations. The students were able to establish the
relationship between working hours and the wages earned, but they could not
develop an appropriate comparison method. Although the ideas put forward by the
Syrian students for the solution of the problem were mathematically correct, they did
not contain any mathematical justification. The ideas put forward involved sorting
and decision-making processes. On the other hand, Turkish students sought to
establish a relationship between the data given in the case of a problem and sought a

solution by using this relationship.

Burcu: We should divide the money earned by the students by the working
hours.

Merve: What will we achieve as a result of this?

Burcu: The results we found will allow us to interpret according to the
customer situation in the park. For example, we will be able to
compare the money students earn when there are lots of customers
in the park with the money they earn when they are quiet.

Merve: How so?

Burcu: According to the results we found, the students who earn a lot of
money when the number of customers is high work well and we can
choose these students to work next year.

Merve: Got it. We will calculate the average wages earned by the students
per hour.

Burcu suggested the idea of comparing averages. She would compare the general
average of the employee with the average of the number of customers in the park
when it was crowded. She was able to explain this idea she put forward to her
groupmates and justified it mathematically. The students made a study plan in the

group for this idea and started to implement their plans.
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Abdullah: Then let’s share the students among ourselves, calculate how many
TL they earn per hour and interpret them according to the customer
status in the park.

Burcu: I will find Melike’s (an employee given in the data table) and Alim’s.
Abdullah: I will calculate Siimeyye’s.
Salih: Zehra’s.

Burcu: | found the salary of a student named Melike when the park was
crowded in June: around 60 TL.

Abdullah: How did you find 60?

Burcu: In June, when the park was crowded, Melike earned 1264 TL in 9.5
hours. In order to be able to make transactions easily, | thought 20
hours and 1200 TL for the money earned.

Syrian students helped the model to be created by calculating the average. The
students wanted to speed up the time by making use of the rounding numbers while
calculating averages. Here, it was understood that the students were trying to

implement the model they tried to develop despite the decreasing time.

Merve: | think we will find approximately the wages they earn per hour.
Abdullah: Let’s evaluate the same ones hourly then?

Burcu: There is no one that is the same. How will we evaluate? Let me
explain my strategy.

Abdullah: Tell us.

Burcu: Alim earned 690 TL in 12.5 hours when the park was crowded.
When the park was normal, he earned 780 TL in 15 hours. What
is the difference between the earned money?

Abdullah: 90 TL.

Burcu: What is the difference between working hours?

Abdullah: 2.5 hours.

Burcu: This means that he earns 90 TL in 2.5 hours. Now, let’s see if there

are any higher earners than this?
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Abdullah: Let’s also take a look at the money Alim earned while the park
was quiet.

Burcu: When the park was quiet, he worked 6 hours less than normal, and his
income is very less. He earned less money.

Salih: Then the manager will fire Alim.

As the dialogue shows, the students thought about two different solutions: sorting
and individual evaluation of employees. The students could not progress on a single
solution path. Abdullah, a Syrian student, thought of comparing the people who
worked the same hour without finding the average values. After Abdullah’s
suggestion, Burcu, a Turkish student, changed its strategy. According to this change,
she decided to make an individual assessment to compare people. She aimed to see
the relationship between the money earned by the employees and their working hours
according to the number of customers in the amusement park. Instead of working on
the strategy they developed and decided with the decrease In time, the students were

constantly trying to decide by trying different ways.

Turkish students wanted to create models using different solutions. The opinion of
Syrian students was not taken into consideration by Turkish students. After the idea
of the Syrian student, the Turkish student revised his idea. Thanks to the
collaborative work of Turkish and Syrian students in the group, students’ ideas had

changed.

Burcu: Alim earned 90 TL less. While he should have earned more in the
crowd, he earned less.

Merve: Now, let’s check Fatma.
Burcu: They made less money when it was always crowded.

Merve: Yet, we do not pay attention to this point. They may have earned little
in the crowd, but their working hours are also short.

Burcu: Right.
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Merve: While Fatma’s earnings when park is crowded and less populated are
almost the same, her working hours are very different.

Burcu: Right. She has to earn a lot when the park is already crowded. This
doesn’t work with this logic.

Abdullah: We have to develop other mathematical logic.

Merve: What if we add up and divide the hours Tugg¢e worked for the money
she earned that month?

Burcu: No, I don’t think that would happen either.

Abdullah: If there is the same hour or the same wage for each student in the
months they work, | think we should interpret them by looking at
them.

Abdullah, one of the Syrian students, did not find it appropriate to evaluate the
employees only on the basis of the money earned. Abdullah thought that working
hours were also important. For this reason, he thought that the comparison of
employees working the same hour was correct. Although Abdullah expressed this
idea twice in the group, Turkish students did not consider this idea. The reason for
this attitude could be the fact that in-group conversations were mostly among Turkish

students.

Salih: Let’s move forward by putting plus and minus next to the students
according to the increase and decrease.

Burcu: So let’s put a plus on Alim. Compared to June, there is an increase
in August. This is a good thing.

Abdullah: Let’s finish Alim and move on to the others.
Merve: Should we look at part-time workers?

Burcu: Let’s go in order, it’s best.

Abdullah: We cannot comment like that either.

Salih: Should we just find the average of the crowds?
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Salih, one of the Syrian students, expressed the idea of determining the increase or
decrease in the money earned by the employees by putting plus and minus signs.
This idea was expressed for the first time in the group. Although other students
agreed, they soon thought that this idea was not appropriate because it was difficult
to interpret. The students then thought to find the average of the money earned by

the employees during the time period when the amusement park was crowded.

Burcu: Let’s add up all the crowded hours for June, July, August and divide
it by the total number of hours.

Abdullah: Can you look at Tuggce?
Burcu: She never worked when the market was crowded.

Abdullah: Then let’s remove Tugge. It was supposed to work when it was
actually crowded.

Merve: This can never be compensated.

Burcu: Friends, then we did Tugge an injustice.
Merve: Why?

Burcu: It is not her fault that Tugce does not work when crowded.

The students realized that Tugge did not have any data when they made the
evaluation by taking the crowded time into account. They thought that the decision
to be taken in this case would not be objective, so they decided that they could not
make decisions by looking at the crowded time. The students realized that they
needed to have data in order to make an assessment. Deciding that they could not
make an evaluation by looking at the crowded time data of the amusement park, they

tried to make an evaluation of their previous ideas.

Abdullah: So let’s try again to find the money they earn per hour.
Merve: But we did that, it didn’t work.

Burcu: Alim earns 690 TL by working 12.5 hours in June when the park is
crowded, and 788 TL by earning 12.5 hours in August when the park
is crowded.
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Merve: Pretty much the same.

Burcu: That’s why we shouldn’t lay off. He realized his mistake and worked
harder.

Salih: You think wrong.
Abdullah: Why?

Salih: This is not an error. Maybe, there were more customers in the park
then.

Abdullah: I don’t think we should remove anyone. Everyone earned money.

Burcu: | think so, too.

In summary, it was observed that the students understood the problem situation in
general, but they applied the idea that no one needed to be fired without discussing
what they understood, interpreting and making inferences. After the written reports,
it was realized that they did not go to check the result in any way or to discuss and
interpret the solution they used. On the other hand, the fact that the students evaluated
all the tables by averaging them in the same way showed that they understood and
applied the term “a general method” correctly. In addition to these, it was thought
that the scoring developed by the students, adding the scores, and ranking the total
scores could be a valid method. The students created a new table by collecting the
data in the tables containing the information about the money earned and the hours
worked. The students made an evaluation on the table they obtained by neglecting

the crowded, normal, and less populated situations of the amusement park.

It was figured out that the students constantly changed their decisions as they made
many decisions throughout the study and could not find the mathematical

foundations that supported these decisions.

It suggested that insufficient mathematics knowledge had an important role in the
decisions made by the students. Instead of four people they could randomly choose,
Abdullah, one of the Syrian student, thought that no one need to be fired. Other

students also agreed with this idea.
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The modeling processes of the students in the group for the “Summer Job” Problem

were summarized in the table 4.2 below.

Table 4.2 Summary of the Group’s Modeling Cycle for the “Summer Job” Problem

Stages of the Categories Modeling Process

Modeling Cycle

Encountering and -Trying to understand the problem
understanding a real-life situation
problem situation
Initiating the -Arithmetic mean of working hours and
: Presenting the idea(s) for the earning money
Modeling Cycle model -Prediction of total working time and

earning money
-Arrangement of working hours
-Scoring the employees
-Data collecting of working hour and
earning money
Mathematization -Calculation the hourly wages earned by
Pursuing the employees
-Arithmetic mean of earning money and
working hours
-Approximation of earning money

Modeling Cycle

Evaluation, interpretation and -Evaluation by discussing the

retry mathematical results obtained within the
group

Understanding the problem -Trying to understand the relationship

situation* between tables
-Trying to understand the data given in
the table

* This part of the modeling cycle was experienced many times as needed.

This table was a summary of the work done by the students in the “Summer Job”
modeling activity. In the initiating stage of the modeling cycle, the students
examined two different data tables given after they grasped the problem situation.
The students trying to establish a relationship between the data in the tables made
mathematical inferences such as money earned per unit hour, average money earned
by months, comparison and organization. While the students were trying to find the
mean calculation, they had difficulty in doing the operations with decimal numbers

and started to look for other solutions. The students generally had difficulties in
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performing mathematical operations during the activity and started to look for

different solutions.

In this initiating stage, Syrian students contributed more than the first activity. Syrian
students worked in cooperation with Turkish students and tried to contribute to the
solution of the problem. Like Turkish students, Syrian students presented their ideas
for the model. The ideas of Syrian students were weaker in terms of context,
involving less mathematical operations. On the other hand, the ideas put forward by

Turkish students involved more complex mathematical processes.

In the pursuing modeling cycle stage, on the other hand, the students created the data
table in Figure 4.3 by combining two different data groups. It was thought that the
reason for the students to create this table was difficult for students to interpret two
different tables at the same time and make inferences about them. After the students
worked on the table they had created for a while, they thought to find the amount of

money earned by the employees per unit hour for the solution.

In this pursuing stage, Turkish students tried to use the information in the given
tables. They thought of making an evaluation according to the difference in the
number of customers in the park. Syrian students, on the other hand, defended the
idea of making evaluations depending on the money earned by the employees.
Turkish students offered the idea of evaluating employees according to the money
they earned in the process. Salih, one of the Syrian students, tried to find a solution
to the problem by placing plus and minus signs according to the increase and
decrease of the money earned by the employees during the process. At the end of the
activity, the students decided other the solutions they initially put forward.
According to this decision, they thought that no one needed to be fired. The students

took this decision without mathematically justifying it.
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4.3  Summary of Turkish and Syrian Students’ Modeling Process

The work produced by the students in the two modeling activities was summarized
considering Blum and Leif3’s modeling cycle (Blum & Borromeo Ferri, 2009).
Modeling processes of Turkish and Syrian students were examined separately in both
activities. The performances of Turkish and Syrian students in the modeling process
of Let's Build Environmentally Friendly Structures with Plastic Bottles are shown in
Figure 4.4.
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Figure 4.4 Modeling Cycle of Turkish and Syrian Students in Let’s Build
Environmentally Friendly Structures with Plastic Bottles MEA

In the “Let’s Build Environmentally Friendly Structures with Plastic Bottles”
activity, the students made sense with the real-life situation and developed a model
in accordance with it. They changed the model when they encountered with a
difficulty in mathematical operations, and this situation was repeated several times
as seen in Figure 4.4. Although the real model developed by the students included
real life situations, these situations were neglected in the mathematical model and
the students made an effort to find mathematical results. After finding the
mathematical results, students could not transfer it to real-life situation and therefore

the modeling cycle ended with the mathematical result at step 4. As can be seen in
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Figure 4.4, while Turkish students participated more in step 1, 2, and 3, Syrian

students contributed to the development mathematical results in step 4.

In addition, modeling cycles of Turkish and Syrian students in the Summer Job
activity are shown in Figure 4.5.
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Figure 4.5 Modeling Cycles of Turkish and Syrian Students in the Summer Job
MEA

As seen, Syrian students contributed more to the model development process in the
second MEA when compared to the first MEA. Students comprehended the data
tables given in the “Summer Job” activity, but they had difficulty in establishing the
relationship between these tables. In this activity, the students often changed their
mathematical models because mathematical operations were difficult and long (see
the arrows in the step 4). Since the relationships between the obtained data were not
established, the students underwent a difficult time in working mathematically. In
this problem situation, Turkish and Syrian students worked together more in the
modeling process than in the first problem situation. However, similar to the first
MEA, the modeling cycle stopped at the step 4 where students reached a

mathematical result. This indicated that students did not interpret their mathematical
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result in terms of the real situation and finalized the modeling process by a

mathematical answer.

82



CHAPTER 5

DISCUSSION AND CONCLUSION

In this chapter, major findings were discussed according to the research questions of
the study. The discussion was followed by limitations of the study, recommendation

for future studies and educational implication.

5.1 Discussion

This study aimed to investigate a case of Turkish and Syrian seventh grade students’
modeling cycle in their collaborative work on model-eliciting activities. In this
section, firstly, the participants’ modeling process was discussed, comparing them
with the current body of literature. Then, the contributions of Turkish and Syrian

students to the mathematical modeling process were elaborated on.

511 Students’ Encountering and Understanding a Real-Life Problem
Situation

Although the “Let’s Build Environmentally Friendly Structures with Plastic Bottles”
MEA seems like an environmental awareness activity, it consists of various
mathematical features. These features can be grouped under the main headings such

as circle, measuring-area, geometry in mathematics teaching.

As a result of the data analysis, it has been determined that the students experienced
some difficulties inherent in mathematical modeling during the model development
process. Syrian students had difficulties in understanding the questions. As Aydin

and Kaya (2017) stated, Syrian students faced difficulty in understanding of what
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they read. It has been observed that Turkish students tried to help Syrian students by
reading the question aloud in understanding the problem situation. Once Syrian and
Turkish students understood the problem situation, Turkish and Syrian students
made similar contributions to the study in assessing real-life situations. The students
thought about the situations such as durability, earthquake, and usefulness that they
encountered in their daily lives, and expressed the issues that needed to be considered
in the model they would use. It has been understood that the students were trying to

establish interdisciplinary relationships.

In the second activity, “Summer Job”, Turkish students helped Syrian students, and
the students quickly understood the verbal part of the problem situation. Both
Turkish and Syrian students had difficulty in understanding the data tables given in
the activity. Although the students captured the data in the tables in their daily life
situations, they had difficulty in establishing a relationship between the tables
containing the data of two different variables (e.g., working hours and earning
money) and making sense of these tables. It has been detected that the students had
difficulties in determining the variables and establishing a relationship between these
variables. As Kant (2011) described in his study, although the students took real-life
situations into account in problem situations, they could not use these situations in
the mathematical model. The students’ evaluation of the variables in the tables
without establishing a relationship between them is in line with the findings of the
study conducted by English and Watson (2018).

5.1.2 Students’ Presenting Ideas for the Model

In the “Let’s Build Environmentally Friendly Structures with Plastic Bottles”
modeling activity, Turkish students were able to justify and explain their choices
while deciding on the material to be used in the model in group. It has been observed
that the students improved their argumentation skills during the mathematical

modeling activity, communication skills, reflected on themselves and the model they

84



developed as a team. The same results have been obtained by several studies (e.g.
English, 2004; English & Watters, 2005; Zawojewski et al., 2003). Syrian students

approved the decisions taken by the Turkish students and did not participate much
in this part of the study. Turkish students made evaluations in terms of durability and
availability of materials to be used while determining the dimensions of the
playhouse they planned. The students in the current study tried to associate the data
about bottle’s size with the real-life context. In the study by Galbraith and Clatworthy
(1990), mathematical models were considered solutions to real-life problems. In that
sense, their study supports this finding of the current study in that the problem
situation in model-eliciting activities required a solution with real-life into

consideration.

Syrian students did not express an opinion, but they contributed to the development
of the model presented by Turkish students. Turkish students constructed a
mathematical model using arithmetic mean, estimation, and using real data. Turkish
students first tried to decide on the values to be used in the mathematical model with
the idea of arithmetic mean. Because of the decimal numbers they encountered while
calculating the average, they gave up the average calculation. They did not want to
use the arithmetic mean calculation due to their low level of mathematical operation
skills. It has been observed that Turkish students tended to create a model using the
prior knowledge they learned in the mathematics classroom. The reason behind this
might be the Turkish examination system. The questions in the exams given to
Turkish students cover the subjects learned. The students may have tended to
consider the mathematical modeling activity as an exam and use the mathematical
content they learned in the modeling process, which was similar to Ugurlu and
Kiral’s (2011) conclusion. The research findings offered by Ugurlu and Kiral (2011)
have revealed that since the exams administered to students in Turkey were mostly
subject-based and rote-based, students tended to apply the new content knowledge

they had just learned in every exam.
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Syrian students performed mathematical operations in a more effective way than
Turkish students. Turkish students could not revise the calculations they wanted to

make to the real-life situation. For example, when finding the arithmetic mean value,
the students wanted to find the mean by taking all students in the school into account
and stated that a ruler need to be used to measure the classroom. Syrian students, on
the other hand, thought of obtaining information about the school by using the
average of the group and measuring the size of the classroom by stepping instead of
a ruler. This difference may be caused by the education system. In the Turkish
education system, the exams and studies in schools are mostly subject-based.
Moreover, it might be that the relationships between the subjects are not focused on
much, and the subjects are taught independently from each other. Therefore, it would
not be wrong to suggest that Turkish students thought that the activity was related to
the subjects they had learned recently so they were trying to establish a relationship
with the subjects they had just learned. This difference between Turkish and Syrian
students may stem from the life experiences of Syrian students. Syrian students
usually helped their families after school. They may have used different
measurement tools while helping their families. For example, they can measure the
weight of a sack and estimate the total amount of peanuts during peanut collection
or measure the garden or farmland by stepping. Another reason behind this
difference may be that Turkish students saw the study as an evaluation tool and
therefore they wanted to obtain the results of mathematical operations with precision.
Although there are differences between students’ approaches, these differences form
a model by coming together. This, in return, clearly demonstrates the influence of

collaborative work on mathematical modeling.

Students often deal with the problems related to the topics that have already been
conveyed by their teachers. They do not frequently encounter real-life situation
problems, and the data necessary for the solution of the problem are mostly given to
students. Therefore, the students had difficulties in transferring skills to make

successful connections between the real world and the mathematics. Similar results
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have been observed in the studies conducted by Nunes and Bryant (1996) and
Christiansen (2001).

In the “Summer Job” MEA, the students tried to create models suitable for the
problem situation by benefiting from the topics such as arithmetic mean, estimation,
scoring and arrangement. Turkish students wanted to create a model by finding the
mean values. While performing addition to find the mean value, it was noticed that
the Syrian student added the decimal numbers incorrectly. The Turkish student
helped the Syrian student to add the decimal numbers. Another difficulty that
students faced while finding the mean values was interpreting the result that was a
decimal number. Similar to the Summer Job MEA in the current study, English and
Watters (2005) presented students with two modeling problems involving data tables
in a style they did not encounter in the school curriculum. They observed that some
groups of students had difficulties in working with data tables and in interpreting
these tables. Supporting the findings presented by English and Watters (2005), the

students in the current study had difficulty in understanding and relating data tables.

Furthermore, Syrian students suggested that they should have sorted the earned
money and then they should have made decision. This suggestion was quite easy as
a mathematical operation. Turkish students, on the other hand, claimed that it would
not be appropriate to decide by comparing only the money earned. Turkish students
tried to justify their actions. The students revisited the model once they had trouble
in mathematical operations they encountered. Although Turkish and Syrian students
were at different levels in their mathematical achievements, the final model was built
up with the participation of all students, and they collaborated with each other during

the modeling cycle.
Syrian students participated more in the second activity compared to the first activity.

The reason for the increase in group work could be explained by the increase in

communication within the group. More specifically, it has been observed that the
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Syrian students participated more towards the end of the first activity and in the last
activity. This might be because students perceived the problems as similar to the
problems found in the classical coursebook. Most questions in coursebooks have
only one correct answer. In order to reach this correct answer, students need to apply
certain mathematical operations. These operations are mostly related to the
mathematical topics that have just been covered. Particularly Syrian students might
have thought the MEAs as traditional textbook problems that had only one correct
answer which might be reached through a single solution process, and they might

have hesitated to engage in the problems at the beginning. After the activity started,
the students might have realized that the questions in the activity were open to
everyone’s ideas and opinions and that they could participate in the discussion

without using certain mathematical formulas.

Apart from this reason, the students usually solved questions based on mathematical
operations in the classroom environment. These questions were quite far from
everyday life situations. The fact that the questions in the study included daily life
situations might have increased the interest of the students. The reason for the
gradual increase in students’ participation, particularly Syrian students’
participation, into the group work may have stemmed from the increase in
communication within the group. Verifying the findings of the current study, Doerr
and Tripp (1999) concluded that group work helped students to interact between
themselves in depth, and these interactions continued throughout the study.

Students had the opportunity to freely express their ideas in the group and to hear
and evaluate the opinions of other students. This environment may have contributed
to the students’ establishing relationships between mathematics and other courses.
Researches had revealed that students were more productive (more creative,
generalizing, communicating, etc.) in a democratic and collaborative environment
(Deniz & Akgiin, 2014; English, 2003; Kelly & Lesh, 2012; Korkmaz, 2010; Lesh,
et al., 2000).
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5.1.3 Mathematization

It has been observed that the students had difficulties in mathematizing and
establishing the relationship of the model with real-life. On choosing the dimensions
and materials of the house they planned to build, the students considered durability,
earthquake, and availability of bottles to be used during construction. Although the
students understood the problem situation, they had difficulties in mathematizing the
information they obtained. The students’ difficulties in mathematizing are consistent
with previous modeling studies (Ozaltun et al., 2013). Differences were seen
between Turkish and Syrian students whenever students tried to present their ideas
for the model. Turkish students reminded Syrian students how to calculate the
average. Turkish students thought of obtaining the data of the whole school while
calculating the average. Syrian students, on the other hand, thought to obtain
information about the school by finding the average of the study group. In calculating
the mean value, Turkish students had difficulty in adapting the mathematical

knowledge they learned in the school to real-life situations.

In the mathematization part, Turkish students tried to create a model using topics
such as arithmetic mean and estimation. Turkish students tried to justify their actions
by using the subjects they learned. In addition, Turkish students rounded up when
they had to perform operations using decimal numbers and tried to find another
solution. However, Syrian students found easier ways to do mathematical operations
than Turkish students. Turkish students thought of using the ruler in the classroom
to determine the dimensions of the classroom in which the study was conducted.
Realizing that the ruler was being used by another group, Turkish students decided
to wait to use the ruler. On the other hand, Syrian students thought of measuring the
size of the classroom by taking steps. The reason why Turkish students thought about
using a ruler but not step measurement might be that the students made
measurements with the help of rulers in the topic of “Measuring Length and Area”.

Syrian students helped the Turkish students with the mathematical operations. At
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this stage of the study, Syrian students could not contribute much on the model to

solve the problem.

While drawing, the ideas articulated in the group were not taken into account, and
the students did not use the drawing they made during the activity. During the
drawing process, Turkish and Syrian students worked together. Model drawing is a
very important process as drawings contribute greatly to the mathematization
process. Lowrie (2001) stated in his comprehensive study of the effects of
visualization on students’ problem-solving skills that students performed better when
they used visual methods. Although the students in the present study produced
visuals, they did not benefit much from these visuals, or at least | could not observe

the benefits of the visuals.

The students frequently talked about the problem verbally, but the students had
difficulty in transferring the ideas they talked about to the model. In addition, the
students spent more time speaking verbally. Although the students presented many
ideas for the model, they could not work on these ideas sufficiently and often tried
to change the model. The mathematical information used by the students for the
model was determined as arithmetic mean, estimation, measurement, approximate
value, and using real-life data. The students had difficulties in mathematizing the
ideas they talked about in the group. The insufficient level of mathematical literacy
of the students may have caused the students not to be able to implement the ideas

they thought for the model.

514 Evaluation, Interpretation, and Retry

The students did not evaluate the mathematical operations they performed (see
Figure 11 and 12). Modeling cycle was terminated when they found the answer to
the problems. A relationship could not be established between the results found and

the context. The students performed many mathematical operations during the
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activity process, but they could not use these operations either. Hence, the students
could not establish a relationship between the mathematical results they obtained
during the modeling and the the real-life situation that required the modeling process.
This might be because students were familiar to mathematics problems in the

textbooks that often involve one mathematical (numerical) answer.

Although there were studies conducted in integrated classrooms in the literature
(Xin, 1999; Affleck et al., 1988), these studies were not particularly mathematical
modeling studies. However, Mousoulides and English (2008) examined the
mathematical development of two ten-year-old students living in Cyprus and
Australia with a mathematical modeling activity involving interpretation and
association with multiple datasets. As a result of the research, it was shown that the
students in the two countries showed similar approaches in the model building
process. In addition, Doerr and English (2003) conducted a mathematical modeling
study with students living in the USA (12-13 years old) and Australia (10-11 years
old). The findings of the study showed that students could create generalizable and
reusable systems or models for selecting, sorting and weighing data. In the current
study, it has been observed that Syrian and Turkish students selected and sorted the
data, and although they obtained mathematical results using the data, they could not

use the results in the model.

Furthermore, the results of the studies (Doerr & English, 2003; Mousoulides &
English, 2008) show that there are no cultural differences in mathematical modeling
activities. These studies have supported that the cultural differences of Syrian
students were not an obstacle to their participation in the mathematical modeling
activity. As seen in Doerr and English (2003) study, cultural differences caused
different ideas in the mathematical modeling process. The fact that Turkish and
Syrian students worked together in groups and offered models collaboratively shows
that cultural differences were not an obstacle to modeling activity. In addition, the

positive contribution of cultural differences to the modeling process showed the
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importance of mathematical modeling activities. The fact that mathematical
modeling activities eliminated cultural differences and everyone contributed
positively to this process highlights that mathematics is a universal language. It was
observed that Syrian students contributed positively to the modeling cycle with their
increased participation and practical ideas throughout the activities. These results
show the significance of the mathematical modeling activities in mathematics
education, which may help the integration of students who have to migrate to other

countries due to a war or different reasons.

It was inevitable that mathematical modeling activities would eliminate cultural
differences as well as socio-economic level differences. Thus, it was seen that
mathematical modeling activities would provide equal opportunities for every

student, as well as equal opportunities in education.

5.2 Limitations and Recommendations

First, the data collection methods and techniques used in this present study are
limited. Students’ mathematical modeling cycles are limited to two mathematical
modeling problems (activities) selected from the literature. Since examining
modeling process requires long term observations, | suggest teachers and other

researchers use more than two MEAs in a longer period of time.

Second, the participants of the study are limited to a focus group of two Turkish and
two Syrian 7th grade students. This study could be conducted with larger groups of
Turkish and Syrian students. Besides, by increasing the number of activities, the
processes of the students could be observed better. In future studies, an interview can
be utilized as a data collection tool and data analysis can be made using more
extensive data. In an integrated classroom environment, a study can be carried out
by observing and recording all of the students. Furthermore, the performances of
Syrian students can be compared by reducing the text part of mathematical modeling

activities.
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Third, in this study, although it was not purposeful, the participating Turkish students
were female and Syrian students were male. This might have created a gender issue.
Therefore, mathematical modeling studies focusing on gender difference can also be

carried out on a larger scale.

5.3  Educational Implications

In this age where technology is developing rapidly, it has become very easy to access
information. Therefore, it is no longer important for a person to know the
information. Instead of knowing the information, it is important to establish
relationships between different pieces of knowledge and make the knowledge
applicable in daily life situations. For this reason, it is very important for individuals
to have interdisciplinary knowledge and to be able to solve problems using this
knowledge. Mathematical modeling is an effective tool that serves for these
purposes. The importance of mathematical modeling in mathematics teaching is
increasing, and mathematical modeling can be seen in the curriculum of different
countries (MoNE, 2013; National curriculum framework, India, 2005; NCTM,
1989).

Instead of mathematical modeling activities, there are problems with applications in
the textbooks. These problems are not sufficient to show the relationship between
real-life situation and mathematics. The importance of modeling activities needs to
be explained in textbooks and curricula, and it is very important to carry out the
necessary studies for teachers on how to implement these activities in their
classrooms. This study has revealed that modeling activities might be an important
part of the education system. The students in the current study tried to create models
suitable for real-life situations and performed mathematical operations on the models
they created. The mistakes that students made during the mathematization process
and the difficulties they encountered were similar to the difficulties in other

mathematics activities. If students have the opportunity to encounter more modeling
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questions, it will be easier for them to associate the mathematical knowledge learned
at school with the real-life, through which their mathematical thinking will be

improved.

Along with it, modeling activities are important in order to break the teachers’
prejudices about the mathematics performance of Syrian students. This study has
showed that students’ cultural differences did not appear as an obstacle on the
modeling cycle. Modeling problems can help mathematics teachers during
instruction as they bear a huge potential of increasing students’ integration into
classroom activities and collaboration with their peers. What is more, teachers who
perceive cultural differences as an obstacle for teaching can effectively teach
mathematics by eliminating the differences of students with the help of mathematical

model-eliciting activities.
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APPENDICES

A. Mathematical Modeling Activities

A.1 PET SISELERLE CEVRE DOSTU YAPILAR INSA EDELIM

TUGLA YERINE PET SiSE

Kullandigimiz plastik siselerin yaklasik ylizde 80’1 denizlere atiliyor, yiizyillarca
yok olmuyor. Peki plastik siselerden yapilmis bir ev hayal edebilir misiniz?
Andreas Froese bu ¢ilgin fikrini Afrika’da hayata gegirdi.

Bos plastik siseler kum ve moloz ile dolduruluyor. Ust iiste dizilen siselerin
tizeri balgik v harg ile sivaniyor. Ortaya ¢ikan yapi1 da plastik kordonlarla
sabitlestiriliyor. Iste Alman Andreas Froese bu sekilde insa ettigi plastik ev
projesiyle hem dogay1 korumay1 amagliyor hem de fakir insanlara yagsam
perspektifi sunuyor:

“Baslangicta insanlar daha ¢ok kuskuyla yaklasiyor. Hayal etmesi giic oldugu
icin merak edip insaata geliyorlar. O zaman onlara ingaat malzememizin, yani
normal plastik sisenin tugladan daha dayanikli oldugunu gosterebiliyoruz.
Basinca ve darbeye kars1 da daha dayanikli.”

Bu is i¢in 6zel egitilen isciler, ev i¢in gerekli siseleri otel, restoran ve ¢evreden
aliyorlar. Elektrik ise glines panellerinden saglantyor ve ileride her evin kendi
atik su ve igme suyu sistemi olmasi planlaniyor.

Plastik siselerden ev insa etmek ¢ok daha ucuza mal oluyor. Nijerya’da bir tugla
yaklasik olarak bir is¢inin giinde aldigi iicretin {icte biri fiyatinda.

Ancak asil sorun bu tiir projelerin finansmaninin saglanmasi. Cevreci projelerin
basarisina ragmen sponsor bulmak oldukga giic.

Pet sise binalar kerpic evlere benziyor; disaris1 sogukken icerisi sicak oluyor,
yaz sicaginda ise serin bir ortam sunuyor. Plastik siselerden yapilan evlerin
avantajlar1 bunlarla sinirli degil. Plastik siselerin bu sektorde kullanilmasi petrol
kaynaklarmi korumaya katki sagliyor. Ilging tasarimlari sayesinde turizmi
canlandirtyor. Ayrica insaat sirasinda gorev alan okul ¢cagindaki ¢ocuklar ¢cevre
sorunlaria ¢oziim getirmeyi amaglayan bir projenin parcasi oluyorlar.
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Okuma-Anlama Sorulari

. Andreas Froese plastik siselerden ev yapma fikrini hangi iilkede
gerceklestirdi?

. Bos plastik siselerin i¢leri hangi malzemeler ile dolduruluyor?

. Andreas Froese bu proje ile neyi amagliyor?

. Evlerin elektrik ihtiyaci nasil karsilantyor?

Gerekli olan plastik siseler nerelerden temin ediliyor?

. Plastik siselerden yapilan evlerin avantajlar1 nelerdir?
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PET SISELERLE CEVRE DOSTU YAPILAR INSA EDELIM
Her yi1l bir milyondan fazla hayvan plastik tiiketimi yiiziinden hayatlarini
kaybediyor. Di1s etmenlerin etkisiyle parcalanan pet siseler, mikro plastik olarak
dogaya ve dogal yasama zarar veriyor. Oniine gegilmezse bilingsiz pet sise kullanimi
dogay1 ve yasami tehdit etmeye devam edecektir. Oysa kullanilan pet siselerin hayata
kazandirilmast igin farkli alternatifler bulunmaktadir. Ornegin, pet siseler 6zellikle
gelir seviyesi diisiik iilkelerde ev yapiminda kullanilarak dayanikli ve maliyeti diistik
evler yapiliyor. Boylelikle hem ekonomik kazang saglaniyor hem de doga korunmus

oluyor.

Ulkemizde yasam kosullar1 dikkate alindiginda pet siseler kullamlarak insa edilen
yapilarin ingaat sektoriinde kullanimi pek yaygin degildir. Ancak iilkemizde ¢evre
kirliligine vurgu yapilmasini ve yeniden kullanim konusunda farkindalik
olusturulmasini saglamak i¢in park ve okul bahgeleri gibi cesitli sosyal alanlara pet

siseleri kullanilarak yapilar yapmak miimkiindiir.

Cevre dostu yasam alanlarinin olusturulmasini saglamak ve cevre kirliliginin
onlemenin en etkili yollar1 maddeleri geri doniisimleri, geri kazanimi ve yeniden
kullanimidir. Bu yilizden “Cevreci Yapilar” adli bir proje kapsaminda okul

bahcelerine birer oyun evi yapilacaktir.

Sizden bu proje kapsaminda okulunuzun bahgesine bir oyun evi yapmaniz
istenmektedir. Yapilacak bu oyun evi i¢in kag adet pet siseye ihtiyaciniz oldugunuzu
gerekceleriyle agikladiginiz bir rapor istenmektedir. (Not: Oyun evinin boyutlarini

kendiniz belirleyeceksiniz.)

Not: Pet sigelerin esnemesinden kaynaklanan kayiplar goz ardi edilecektir.
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A2  Summer Job
Gazete Haberi

Yaz Tatili i¢in cahsmak Isteyenlere Is
Yaz Tatili icin cahsmak Isteyenlere is

Cumartesi giinii Yaz Tatilinde Calisan Ogrenciler Kuliibii yazin ¢alismak
isteyen Ogrencileri bilgilendirmek iizere bir toplanti diizenledi. Toplantida yaz
aylarinda 6grencilerin nasil para kazanabileceklerinden bahsedildi ve bu yaz i¢in
planlamalar yapilmaya baglandi.

Toplantida 6grencilerin yaz aylarinda g¢alisarak para kazanmalarinin hem
kendilerine olan giivenlerini hem de sorumluluk almalarina katkida bulunuldugu dile
getirildi. Ayrica kuliip gectigimiz yaz evcil hayvanlara bakarak ve bahge islerini
yaparak para kazanan Samet adl1 6grenciyi 6diillendirdi.

Kuliip bagkan1 Berna “Yazin Ogrencilerin yapabilecegi ¢ok farkli isler
vardir. Toplantimiz 68rencilerin yapabilecegi ve para kazanabilecegi isler hakkinda
da bilgi veriyor.” diye ekleme yapryor. Farkli isler ve kazanilabilecek farkli paralar
hakkinda toplantida konusulmus ve bilgi verilmistir.

Asagida Ogrencilerin ¢alisabilecedi isle ve kazanabilecekleri paralar
hakkinda tablolar verilmistir.

ARABA YIKAMA

Kiiciik araba 4 TL
Biiyiik Araba 7 TL

CIiM BICME
Kiiciik Bahce (5 m?-25 m?) 10 TL
Biiyiik Bahce (25m? ve daha fazlasi) 15 TL

GAZETE DAGITIMI

Giinliik 15 ile 25 arasi gazete dagitim 10 TL
Giinliik 25 gazeteden fazla dagitim 20 TL

114



Okuma-Anlama Sorulari

1. Toplantida bahsedilen konu nedir?

2. Ogrencilerin yaz aylarinda ¢alismalar onlara ne gibi katki saglamaktadir?

3. Kauliip bagkam Berna toplantida hangi konular hakkinda konustu?

4. Bir 6grenci haftada S kiiciik araba yikayarak bir ayda kagc lira kazanabilir?
Yaptiginiz islemleri asagidaki bosluga aciklayarak yazimz.

5. Ahmet haftada 3 kere biiyiik bah¢ce, Mehmet ise haftada S kere kii¢iik bicerek bir ay
calismiglardir. Bu durumda Ahmet ve Mehmet’in bir ayda kazandiklar: para
miktarlar arasindaki fark kac liradir?

6. Bir kisinin gazete dagitarak bir hafta boyunca en fazla kac lira kazanabilir?
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Ahmet gegen yaz bir lunaparkta ¢alisan 6grencilerin miidiirii olarak ise bagladu.
Ogrenciler parkta miisterilere patlamis musir ve icecek satarak para kazaniyorlardi.
Ahmet gelecek yaz hangi dgrencilerin ¢alismasina devam edecegine karar vermek

icin sizden yardim istemektedir.

Gegen yaz Ahmet 9 68renci calistirmisti. Bu yaz ise 3 tanesi tam zamanli 3 tanesi
yar1 zamanli olmak tizere 6 kisi calistiracaktir. Ahmet en fazla para kazanan 6 kisi
ile calismak istemektedir. Ogrencilerin ¢alistiklar: saatler farkli olduklari i¢in Ahmet
calisan 6grencileri nasil karsilastiracagini bilmemektedir. Calisma saatleri bu is i¢in
olduk¢a 6nemlidir. Ornegin; kalabalik bir Cuma gecesindeki satiglar yagmurlu bir

cumartesi giiniinden daha fazla para getirmektedir.

Ahmet gecen sene c¢alisma saatleri ve kazanilan paralarin kayitlarini tutmustur.
Ahmet tablolar1 hazirlarken ¢alisma saatlerini ve c¢alisilan saatlerdeki yogunluklari
dikkate almistir. (Tablolar1 kontrol ediniz.) Gegen yilin verileri kullanilarak
olusturulmustur tablolara bakarak Ahmet’in segecegi kisilere yardimci olmaniz
istenmektedir. Segilecek kisilerden 3 tanesi tam zamanli ve 3 tanesi yar1 zamanlt

olarak ¢alisacagini unutmamalisiniz.

Buldugun sonuglari Ahmet’e mektup yazmalisiniz. Mektubunda degerlendirmeni
nasil yaptigini agikca belirtmeni ve her seyi detaylica yazman istenmektedir. Simdi

hangi yolu kullanarak degerlendirme yapacagini bulma zamani.
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Gegen Yaz Cahyma Saatleri

Haziran Temmuz Agustos
Kalabalik Normal Sakin Kalabalik Normal Sakin Kalabalik Normal Sakin
Alim 125 15 9 10 14 17.5 12.5 33.5 35
Fatma 5.5 22, 15.9 53.5 40 15.5 50 14 23.5
Zehra 12 17 14.9) 20 25 21.9 195 20.5 24.5
Stimeyye 195 30.5 34 20 31 14 22 195 36
Melike 19.5] 26 0 36 155 27 30 24 4.5
Azra 13| 4.5 12 335 375 6.5 16 24 16.5
Mehmet 26.5] 435 217 67| 26 3 41.5 58 5.5
Berk 7.5 16 25 16| 45.5 5] 7.5 42 84
Tugge 0 3 4.5 38 175 39 37 22 124
Gecen Yaz Kazandiklan Para
Haziran Temmuz Agustos
Kalabalik Normal Sakin Kalabalik Normal Sakin Kalabalik Normal Sakin
Alim 690 780 452 699 758 835 788 1732 1462
Fatma 474 874 406) 4612 2032, 477 4500 834 712
Zehra 1047 667 284 1389 804 450) 1062 806 491
Siimeyye 1263 1188 769 1584 1668 449 1822 1276 1358
Melike 1264 1172 0 2477 681 549 1923 1130 89
Azra 1115 278 574 2972 2399 231 1322 1594 577
Mehmet 2253 1702 610 4470 993 79 2754 2327 87
Berk 550 903 928 1296 2360 2610 615 2184 2518
Tugge 0 125 64 3073 767 768 3005, 1253 253

Not: Kalabalik, normal ve sakin olarak belirtilen parktaki miisterin durumunu ifade etmektedir.
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