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ABSTRACT

AN INVESTIGATION OF FIFTH GRADE STUDENTS’ BEHAVIORS AND
DIFFICULTIES THROUGH MULTIPLE IMPLEMENTATION OF MODEL
ELICITING ACTIVITIES

Dedebas, Elif
M.S., Department of Elementary Education

Supervisor: Prof. Dr. Erding Cakiroglu

July 2017, 109 pages

The aim of this study was to investigate 5th grade students’ behaviors which emerge
during the Model Eliciting Activities (MEAs) and how students’ behaviors change
from the implementation of MEA-1 to MEA-3. This study also aimed to determine
difficulties that 5th grade students encounter during the implementation of MEAs in
the classroom. Researcher conducted a case study research method to answer the three

research questions of the study.

The study was conducted in a public religious middle school in Yenimahalle, Ankara.
Three different MEAs were implemented to 31 fifth grade students in alternating

weeks during 5 weeks in Fall semester of 2016-2017 school year.



Video and audio data, written works and fields notes were used as main data sources
to determine critical behaviors and difficulties students encounter and how these
behaviors change during MEA-1, MEA-2 and MEA-3. Findings were coded under
three main categories as (i) supportive behaviors, (ii) interfering behaviors, and (iii)
difficulties. Additionally, these categories were divided into sub-categories with the
help of collected data. Supportive behaviors were determined as generating solution
together and sharing the work load while interfering behaviors were determined as
need for approval, need for explanation, and working alone. Accordingly, difficulties

were named as understanding the issue and time management.

In general, this study showed that difficulties that students encountered dwindled when
MEAs implemented over time. Furthermore, supportive behaviors increased while
interfering behaviors decreased. By this way, it can be concluded that multiple and
sustained experience of MEA is vital for teachers who want to integrate MEAS into

their own classroom.

Keywords: Model Eliciting Activity, Elementary Students, Mathematical Modeling
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5. SINIF OGRENCILERININ MODEL OLUSTURMA ETKINLIKLERININ
COKLU UYGULAMALARI ESNASINDA ORTAYA CIKAN
DAVRANISLARININ VE GUCLUKLERININ INCELENMES]

Dedebas, Elif
Yiiksek Lisans, [Ikogretim Boliimii

Tez Yoneticisi : Prof. Dr. Erdin¢ Cakiroglu

Temmuz 2017, 109 sayfa

Bu ¢aligmanin amaci1 5. Siif 6grencilerinin Model Olusturma Etkinlikleri esnasinda
ortaya cikan davraniglarini ve bu davranmislarin nasil degistigini incelemektir. Bu
calisma ayrica dgrencilerin bu etkinlikler sirasinda yasadiklar giigliikleri belirlemeyi
de amacglamaktadir. Arastirma sorularina yanit aramak i¢in durum (6rnek olay)
calismasi yontemi kullanilmistir. 31 5. Smif 6grencisine 3 farkli Model Olusturma
Etkinligi 2016-2017 Giiz doneminde 5 hafta boyunca birer hafta arayla uygulanmstir.
Ogrenci davranislarini, grencilerin yasadiklar giigliikleri ve bunlarin nasil degistigini
belirlemek i¢in video ve ses kayitlari, 6grencilerin yazili ¢alismalari ve alan notlar
veri toplama araci olarak kullanilmigtir. Bulgular, destekleyici davraniglar, engelleyici
davraniglar ve glicliikler olmak iizere 3 ana tema seklinde kodlanmistir. Ayrica bu ana

temalar eldeki veriler yardimiyla alt temalara ayrilmistir. Bu baglamda, destekleyici

Vi



davraniglar birlikte ¢6ziim {iretme ve is ylkiini bolisme olarak; engelleyici
davraniglar onay isteme ihtiyaci, aciklama isteme ihtiyaci ve yalniz basina ¢alisma
istegi olarak alt temalara boliinmiistiir. Giigliikler ise anlama giigliigii ve zamani

yonetememe giicliigii olarak boliinmiistiir.

Calismanin bulgulari, Model Olusturma Etkinliklerinin siirekli uygulanmasiyla
Ogrencilerin yasadiklar1 giicliiklerin giderek azaldigini ortaya koymustur. Ayrica
Model Olusturma Etkinliklerinin  siirekli  tekrariyla  destekleyici  6grenci
davraniglarinin arttigi, engelleyici 6grenci davraniglarinin azaldigr goriilmiistiir. Bu
calisma sayesinde, Model Olusturma Etkinliklerini kendi smiflarinda kullanmak
isteyen 6gretmenler i¢in bu etkinliklerin siirekli uygulanmasinin son derece dnemli

oldugu sonucuna varilabilir.

Anahtar Kelimeler: Model Olusturma Etkinligi, Ortaokul Ogrencileri,
Matematiksel Modelleme

vii



To my family

viii



ACKNOWLEDGMENTS

I would like to express my gratitude to my supervisor Prof. Dr. Erding Cakiroglu for
his insightful comments, guidance, and support. He has always welcomed all my
questions and guided me with invaluable suggestions to find my way when | felt lost.
His deep academic knowledge and personal characteristics as an academician made

this challenging thesis process easier. Thank you sincerely.

I would like to thank my committee members Assoc. Prof. Dr. Mine Isiksal Bostan
and Assoc. Prof. Dr. Elif Yetkin Ozdemir for their valuable contributions, feedbacks,

and suggestions.

My deepest gratitude truly belongs to Omer for his endless support and
encouragement. You believed in me more than | do. And, this means a lot for me.
Thank you for cheering me on when | felt down and lost my motivation during this
hard and tiring process. Without you, I could not have successfully finished this study.

And, my beloved family, my father, my mother and my sister, Thanks a million for
their unconditional love, endless support, and patience. You are always by my side

whenever | need. Your existence gives me strength.

In addition, special thanks go to my dear friend Semanur for her valuable support
whenever | needed. She always welcomed all my questions about thesis process and

answered them patiently.



TABLE OF CONTENTS

PLAGIARISM ... .ottt e rae et e e enae e iii

ABSTRACT e e e e s iv

OZ ettt vi

DEDICATION ..ottt ettt bbbttt eresnenes viii

ACKNOWLEDGMENTS ...ttt e e IX

TABLE OF CONTENTS ..ottt X

LIST OF TABLES ..ottt Xiii

LIST OF FIGURES ..ottt Xiv

LIST OF ABBREVIATIONS ...ttt XV
CHAPTER

1. INTRODUCTION . ....cotiiiiieisie ettt an s 1

1.1 Purpose of the StUAY ........ccccviiiiiiir e 5

1.2 Research Questions of the Study...........ccccviiiiiiiiien e, 5

1.3 Significance of the STUY .........cccoeiiiiiiiiie e, 5

1.4 My motivation for the Study ..........ccccceiieiiiieic e 6

1.5 Definitions Of TEIMS .....ooviiiiiiiiieiee e 7

2. LITERATURE REVIEW......cc ittt 9

2.1 Theoretical Framework ...........cccooeiieieie i 9

2.1.1 Models and Modeling Perspective .........ccccoceveeveeiieiieie s 9

2.1.2 Model-eliciting Activities (MEAS) ........ccocevvveveiieie e, 13

2.2 Review of Related Literature ..........cccocevveverieenenie e e e 19

3. METHODOLOGY ..ottt tae e e e anae e 24

3.1 Design of the StUAY ....cceoiiiiiie e 24

3.2 CONLEXLE ...t 25

3.3 PArtICIPANTS ... 26

3.4 Data Collection TOOIS.......cccveuiiieiiee e 27



3.4.1 Video and Audio ReCOrdings.........cccoeveiierenereninineeieienen 27

3.4.2  Written Works and Field NOtes...........ccoocveveiienininnin e 28

3.5 Instructional TOOL: MEAS ...t 28
351 MEAS ..o 28
351 PIlOt STUAY ..o s 30

K A o (0 T=T0 ] £ SRS PRSP 32
3.7 Data ANAIYSIS ..ecuviieieiieecie ettt 34
3.8 The Quality of the StUdY ........ccceevieiieiiec e 35
3.9  Limitations of the STUAY ..ot 37
FINDINGS ...t e e 39
4.1 SUPPOItIVE DENAVIOIS.......c.eiiveeieciie et 40
4.1.1 Generating Solution Together.............ccccoveveiieiiiene e 41
4.1.2 Sharing the Workload ............ccccooeiiiiiieniiencceeeeeen 47

4.2 Interfering DENAVIOIS ........ccooiiiiiiiii s 51
4.2.1 Need for APproval.........c.cccevviieieiie i 51
4.2.2  Need for EXplanation ............cccccevveviiiiiiieve e 55
4.2.3 WOrKing AlONE.....cc.ooiiiiiiiiiisesee e 57

4.3 DIFFICUIIES. ...oveeiecieciec e 58
4.3.1 Understanding the ISSUE ..........ccceeveieiiieiieie e 58
4.3.2 Time Management ........ccccceeieiieieeie e 60
DISCUSSIONS ...ttt ra e 64
5.1 Discussions OF FINAINGS .....ccveiiieriiiiriininesieeee e 64
5.1.1 Supportive beNaviors............cccoveiiiveiieie e 65
5.1.1.1 Generating Solution Together...........cccceeviveiieieiienen, 65

5.1.1.2 Sharing the Workload ............ccccooeiiiiniiiiiiiiecen, 66

5.1.2 Interfering DeNaVIOrS .........ccoocoviiiiiniiicee e 67
5.1.2.1 Need for Approval...........ccceeveiiiiiie i 67

5.1.2.2 Need for EXplanation ............cccoccvevieiiienie e 69
5.1.2.3WOorking AlONE........coiiiiiiiiiiieeeee e 71

5.1.3  DIffICUILIES.....ccviiiiciciecce s 72

Xi



5.1.3.1 Understanding the I1SSUE .........ccovvvereriiininnene e 72

5.1.3.2 Time Management.........ccccurererreiieniene e 73
5.2 Implications of the StUAY .........ccccvveviiiiiece e 73
5.3 Recommendations for Further Studies............ccooovverenenenininnieieen, 75
REFERENGCES ... ..ottt et e e e anae e 77
APPENDICES

A: MODEL ELICITING ACTIVITIES ..ot 82

B: PERMISSION OBTAINED FROM METU APPLIED ETHICS
RESEARCH CENTER ....oooie et 95
C: TURKISH SUMMARY/TURKCE OZET......c.ccoecsisrereresserireseeeerennenans 96
D: TEZ FOTOKOPIST IZIN FORMU .......coovuviriiiinininiinisinieensie s 109

Xii



LIST OF TABLES

TABLES

Table 3.1 Summary of the MEAS used in the study ..........cccccovveniiinieneicsee,
Table 3.2 Time schedule Of the StUAY ..........ccooiiiiiiiiii e

Table 4.1 Summary of the Codes

Xiii



LIST OF FIGURES

FIGURES
Figure 2.1 Traditional Perspective versus Models and Modeling Perspective ........
Figure 2.2 A scheme for modeling SEQUENCES............ccoviiiieieieieiese e

Xiv



LIST OF ABBREVIATIONS

MoNE Ministry of National Education
MMP Models and Modeling Perspective
MEA Model Eliciting Activity

XV



CHAPTER 1

INTRODUCTION

Over the last few years, there has been a growing demand for new methods of teaching
mathematics (Gilat & Amit, 2013). The reason for this is that existing trends and
applications are not enough to grow a new generation who is talented in the fields of
Science, Technology, Engineering and Mathematics (known as the STEM field)
(Bulgar, 2008). At this point, countries need STEM education to raise the current
generation with innovative skills and beliefs in the STEM fields. STEM education is
mainly based on curriculum integration. In this curriculum, the knowledge, skills, and
beliefs that are aimed to be taught are constructed with the intersection of STEM
subject areas (Corlu, Capraro, & Capraro, 2014). According to Kertil and Giirel
(2016), there are two perspectives in STEM education, namely, context integration and
content integration. Context integration refers to putting one subject area into the
center and teaching it by integrating relevant contexts from other subject areas. On the
other hand, content integration refers to setting a flexible or structured curriculum on
STEM education that more than one subject area can be covered (English, 2017; Kertil
& Giirel, 2016).

Organization for Economic Cooperation and Development (OECD) (2008) reported
that mathematics curriculum should be redefined to reflect innovative and creative
applications of science and technology in the 21% century. Additionally, new methods
should enable to grow creative scientists, high-tech engineers, and mathematicians
who will develop a brighter future (Leikin, 2009). To achieve this goal, school

curriculum should allow students to develop major skills and abilities such as problem

1



solving, analytical thinking, and creativity by means of effective educational
perspectives (Gilat & Amit, 2013).

Models and modeling perspective (MMP) is an effective educational perspective
whose theoretical foundation is based on constructivist and socio-cultural theories. In
this perspective, students organize, interpret, and make sense of real world situations
(problems, experiences, or events) by using their own conceptual systems.
Accordingly, mathematical modeling is a process of developing generalizable,
sharable, and revisable models for organizing, interpreting, and describing real life
situations (Kertil & Giirel, 2016; Lesh & Doerr, 2003). Mathematical modeling
application in school mathematics is one of the most convenient alternative for new
teaching methods (MoNE, 2013; NCTM, 2000), since it improves students’ analytical
thinking and problem solving abilities (Lesh & Doerr, 2003). At this point, integrating
mathematical modeling to classroom settings will be efficient. NCTM (2000) states
that applications of mathematical modeling in classroom settings provide students to
experience in using mathematics they know and an appreciation of its usefulness for
working on applied problems. In addition, mathematical modeling helps students to
analyze and describe their world in a versatile and powerful way. Accordingly, student
realize underlying mathematical concepts of problem situation given in the real-life
context and feel appreciation of these concepts with the help of modeling (NCTM,
2000).

Model-eliciting activities (MEASs) are instructional tools that are specifically
developed for school curriculum within the MMP (Moore, Doerr, Glancy, & Ntow,
2015). In MEAs, students are asked to intuitively explore mathematical ideas
embedded in a real-life problem and to develop models for the given real-life problem
in a relatively short period of time (Erbas, et al., 2014) . Accordingly, teachers can
easily manage MEAs in the class during one or two lesson hours since they are
comparatively narrow and small scale instructional tools (Kertil & Giirel, 2016). Many
researches showed that implementations of MEAs in the classroom settings develop



students’ problem solving skills, analytical thinking, creativity, and conceptual
learning of basic mathematical ideas in real world situations (Chamberlin & Moon,
2005; Kertil & Giirel, 2016; Lesh & Zawojewski, 2007; Lesh, Cramer, Doerr, Post, &
Zawojewski, 2003; Zawojewski, Lesh, & English, 2003). From this aspect, MEAs
have been suggested as the instructional tool in the classroom settings for the context
integration of STEM education (English, 2017; Hamilton, Lesh, Lester, & Brilleslyper,
2008; Magiera, 2013). As stated by Kertil and Giirel (2016), integrating well-
structured MEAs into the school curriculum will be a smart choice to teach
mathematics, physics, and other STEM concepts in an effective way. At this point,
teachers should have necessary competencies about how the MEA is implemented best
in the classroom. The literature described various competencies that teachers must
have to implement MEAs in the classroom effectively. Some of them are; (i) knowing
how to regulate and manage the classroom during MEAs, (ii) ability to give useful
interventions and responses to students, (iii) ability to develop solutions to cope with
unexpected situations (Doerr & English, 2006; Schorr & Richard, 2003).

To regulate the classroom, to give useful intervention to students, and to develop
solutions for unexpected situations, teachers should know their own students’
behaviors emerged and difficulties encountered during implementation of MEAs.
However, there are limited sources in the literature focusing on specifically describing
students’ behaviors emerged and difficulties encountered during MEAS
implementation process. Although behaviors and difficulties are not investigated in
detail specifically, some researches on implementations of MEASs in the classroom
stated some of them. In the literature, students’ behaviors during MEAs are stated as
follows; (i) asking feedbacks from teacher, (ii) getting approval for their own strategies
(Moore, Doerr, Glancy, & Ntow, 2015), (iii) desire to reach a quick solution without
spending time understanding or analyzing (Eraslan & Kant, 2015; Zawojewski, Lesh,
& English, 2003), (iv) not working together (Eraslan, 2012; Eraslan & Kant, 2015),
(v) asking evaluation for their answers, (vi) asking teacher for help, and (vii) asking
clarification about what they do (Zawojewski, Lesh, & English, 2003). Accordingly,



in the literature, students’ difficulties are stated as follows; (i) not understanding the
problem, (ii) not developing an adequate model (Eraslan & Kant, 2015; Sahin &
Eraslan, 2016). Although literature specifies students’ behaviors and difficulties
during MEAs implementation, there are not enough source that focus on how these
behaviors and difficulties change with sustained implementation of MEAs in the

classroom.

Researcher works as a mathematics teacher at a public school in Ankara. The
researcher has opportunity to observe students during mathematics lessons. According
to her observations, students generally thought that mathematics is a boring lesson
consisting of memorizing rules and procedures. In addition, students do not realize the
connection between mathematics and real-life due to traditional methods for
mathematics teaching. Therefore, they do not feel necessity to learn mathematics. As
it can be seen, alternative teaching methods are essential for school curriculum. The
teacher (researcher in this study) thought that integrating MEAs into the classroom
could solve this situation. As a result, the researcher should implement MEAs that
require essential skills and abilities such as group-work, creativity, problem solving,
and analytic thinking in an effective and right way. In order to determine steps that
teachers need to follow for an effective implementation of MEA, the researcher needed
to know difficulties that students could encounter and their behaviors that could
emerge during the implementation of MEA at first. Furthermore, the researcher needed
to know to how these behaviors change with multiple MEA implementation in the

classroom.

When the literature was reviewed, although there are various researches related to
MEAs, most of them focusing on theoretical frame of MEAs, limited number of
researches applied MEAs in the classroom setting to describe students’ behaviors
emerged and difficulties encountered and how these behaviors and difficulties change

during the implementation of MEAs.



1.1  Purpose of the Study

The purpose of this study was to investigate 5th grade students’ behaviors emerged
during the Model Eliciting Activities (MEAs) and how students’ behaviors change
from the implementation of MEA-1 to MEA-3. This study also aimed to determine
difficulties that 5th grade students encounter during the implementation of MEAS in

the classroom.

1.2 Research Questions of the Study

The research questions of the study were as follows.

a) What are the behaviors of 5th grade students that emerge during the
implementation of MEASs in the classroom?

b) What are the difficulties that 5th grade students encounter during the
implementation of MEAs in the classroom?

c) To what extent do 5th grade students’ behaviors in activities change from the

implementation of MEA-1 to MEA-3 in the classroom?

1.3  Significance of the Study

This study is significant for stakeholders such as teachers and Ministry of National
Education (MoNE). The literature stated that there are limited studies on the usage of
MEAs in mathematics classrooms (Kertil & Giirel, 2016). Therefore, this study will
fill an existing gap in the literature. As a result, stakeholders will gain awareness about
the importance of MEAs integration to school setting.

Firstly, teachers will benefit from this study. Teachers will gain insight about students’
behaviors emerged and difficulties encountered during MEAs. These findings will
guide teachers who want to integrate MEAS into their own classroom. Accordingly,



teachers can easily determine the steps of MEAs that are necessary to follow in their
own classes to implement MEAs successfully to the regular elementary classes. In
addition, MEAs used in this study may be resources for other teachers who want to
integrate MEAS in their own classes since existing sources of MEASs in Turkey are not
sufficient (Erbas, et al., 2014). By using these sources, teachers can replace their own
traditional method with models and modeling approach to promote essential skills and
beliefs like problem solving, analytical thinking, communication skills, and necessity

of learning mathematics.

Secondly, this study might offer good practices for mathematics curriculum in Turkey.
New methods and alternative applications on mathematics education based on student-
centered and constructivist approach are welcomed in the mathematics curriculum
(MoNE, 2013). Therefore, in the light of this study, MoNE can integrate MEAS into
school curriculum with the purpose of developing students’ problem solving and
analytical thinking abilities. MoNE can use the findings of this study on the behaviors
emerged and difficulties encountered when MEAs are integrated into school
curriculum so that MEAs can be applied in classroom settings better and more

efficiently.

1.4 My Motivation for the Study

“The way of loving something goes through understanding it as it does for
everything. We can only love what we understand.”

(Sertdz, 1996)

I always remember this sentence myself while teaching mathematics to my lovely
students. | know if I want my students to love mathematics, | must make sure that
every one of them understands completely the concepts | taught. Actually, this

statement also became my starting point for this study. | needed to use effective and



appropriate methods and applications to provide students the desire of learning

mathematics.

As | previously stated, I am a mathematics teacher. | have been working as a teacher
for three years at public schools in Ankara, Turkey. | have the opportunity to observe
and criticize stakeholders of education in the school including students, teachers,
school environments, and curriculum. The main issue that disturbs me so far is
students’ negative perception towards mathematics lessons. Most of my students say
to me “teacher, where do we use these (mathematics concepts taught in the class) in
our daily-life?” They thought that school mathematics and mathematics in daily life
have no crosssection. Therefore, they are not motivated to learn mathematics. To
overcome this problem, | needed to apply new methods and innovative applications
for teaching mathematics to show my students that school mathematics actually takes
root from our daily life.

MEAs would be the best answer to accomplish my goal. | was familiar with
mathematical modeling and applications of it since | have participated an elective
course about mathematical modeling at my undergraduate education. To integrate
MEAs into the classroom effectively, | strongly believed that | should know how
students behave, to what extend these behaviors change, and which difficulties
students encounter during MEAs in the classroom. As a result, | conducted this study
to guide me and other teachers who want to integrate MEASs into their own classroom.

15 Definitions of Terms

Model is defined as the conceptual systems consisting of elements, operations,
relations, and rules governing interactions, that are expressed with external notation
systems and that are used to construct, describe, explain, or predict the behaviors of
other systems. (Lesh & Doerr, 2003)



Mathematical Model is defined as the conceptual system that focuses on structural
characteristics of the relevant systems. (Erbas, et al., 2014; Lesh & Doerr, 2003)

Mathematical Modeling is defined as a process in which powerful mathematical
models which can be generalized to other contexts are developed and created by using
existing conceptual systems and models (Erbas, et al., 2014; Lesh & Doerr, 2003)

Models and Modeling Perspective is defined as the educational perspective which
requires developing conceptual systems (models) to make sense of real life situations,
and where it is necessary to create, revise, or adapt a mathematical way of thinking
(mathematical model) (Lesh & Zawojewski, 2007).

Model Eliciting Activities are defined as special tools used at school curriculum within
the models and modeling perspective (Moore, Doerr, Glancy, & Ntow, 2015). They
refer to complex, open, and non-routine problems with different entry levels in real-
world contexts (Wessels, 2014).

Behavior is defined in this study as the way in which student acts oneself and towards

group members or teacher during MEA process.

Supportive behavior is defined in this study as the behaviors which support the MEA
process and help students to construct powerful and desired models.

Interfering behavior is defined in this study as the behaviors that interfere the MEA

process and prevent students to construct powerful and desired models.

Difficulty is defined in this study as difficult situation that students need to overcome

during MEA implementation process.



CHAPTER 2

LITERATURE REVIEW

The purpose of this chapter is to present related literature on the objectives and content
of the study. The chapter is divided into two parts. In the first part, theoretical
framework of MEA is described. In the second part, previous studies on MEA are

discussed.

2.1 Theoretical Framework

In this section, the concepts of models and modeling perspective are presented. Then,
MEA is described in detail.

2.1.1 Models and Modeling Perspective

In the literature, there are two different views on problem solving and learning,
namely, traditional perspective and models and modeling perspective (Lesh & Doerr,
2003).

According to traditional perspective, after students learn prerequisite ideas and
computational procedures in context, the procedures are applied to sets of story
problems that require problem-solving strategies (if time permits). Therefore, students
can engage in solving complex and realistic applied problems only in the last part of
the instruction. As a result, at the traditional perspective, applied problem solving (i.e.,

mathematical modeling) is a small sub-category of the traditional problem solving
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(Lesh & Zawojewski, 2007). On the other hand, according to models and modeling
perspective, students learn mathematical procedures in context and problem-solving
strategies by creating their own conceptual system. In the models and modeling
perspective, students are expected to develop a mathematical way of thinking by
adapting, revising, or creating a mathematical model from a given problem situation
in real-life context. Therefore, students learn both problem-solving and
mathematization of the problem during the entire modeling process. As a result, at the
models and modeling perspective, traditional problem solving become a sub-category
of the applied problem solving (Lesh & Zawojewski, 2007). The Figure 2.1, adapted
from Lesh & Doerr (2003) summarizes the two perspectives stated above.

Traditional Perspective Models and Modeling Perspective

Traditional Problem Solving A=l el Sl

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
(Adapted from Lesh & Doerr, 2003)
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Models and modeling perspective is an educational perspective which requires
developing conceptual systems (models) to make sense of real life situations, and
where it is necessary to create, revise, or adapt a mathematical way of thinking
(mathematical model) (Lesh & Zawojewski, 2007). Modeling is considered as a means
of teaching mathematics in models and modeling perspective. This approach supports
students to create and develop their primitive mathematical knowledge and models
(Erbas, et al., 2014). Moreover, models and modeling perspective encourages students
to think mathematically creative and view mathematics in an applicable and useful

way.

Lesh and Doerr (2003) describe models as the conceptual systems consisting of
elements, operations, relations, and rules governing interactions, that are expressed
with external notation systems and that are used to construct, describe, explain, or
predict the behaviors of other systems. Accordingly, mathematical model is defined as
the conceptual system that focuses on structural characteristics of the relevant systems.
Mathematical modeling refers to a process in which powerful mathematical models
which can be generalized to other contexts are developed and created by using existing
conceptual systems and models (Erbas, et al., 2014; Lesh & Doerr, 2003).

According to Lesh, Cramer, Doerr, Post, and Zawojewski (2003), models and
modeling perspective has three instructional modules that were designed to engage
students in sequence of structurally related and situated modeling activities. These
modules are model-eliciting activity, model-exploration activity, and model-
adaptation activity. They also argue that these modules were designed to meet two
specific purposes. Firstly, these instructional modules provide researchers large
research sites to investigate the development of interaction between students and
teachers. Secondly, since instructional modules are thought-revealing, they allow
observing modeling process that influences the development of students’ ways of

thinking (Lesh, Cramer, Doerr, Post, & Zawojewski, 2003).
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Lesh and Zawojewski (2007) stated that model-eliciting activity is the first step of the
modeling sequences. In model-eliciting activities, groups of students develop their
own mathematical models to provide a client’s needs for a specified aim. They also
stated that modeling sequences continue with a model-exploration activity as the
second step. In model-exploration activities, students are asked to think about the
model they have developed and other groups’ models. In the last step of the modeling
sequences, model-adaptation activity, students adapt the model they have produced or
another model recently developed by other groups, to a new situation (Lesh &
Zawojewski, 2007).

Lesh, Cramer, Doerr, Post, and Zawojewski (2003) explained modeling sequences that
include model-eliciting activities, model-exploration activities, and model-adaptation
activities in detail. According to them, in model-eliciting activities, students are asked
to develop the conceptual tools for the specified purposes. To make students familiar
to upcoming model-eliciting activity, they start with warm-up activities that are based
on a math-rich newspaper article, or on a math-rich web site. After the modeling
process, follow-up activities, presentations, and discussions can be applied. If students
explore the similarities and differences between their own models and structurally
related conceptual systems, the process continues with the model-exploration activity.
In model-exploration activities, students are asked to develop powerful representation
systems and language which are essential to comprehend the conceptual system
(model) that they have developed by thinking about it. This representational systems
or language will be the guide during the model-adaptation activity that is the final step
of the modeling sequences. In model-adaptation activities, unlike other two activities,
students work alone to adapt and generalize the existing models recently developed to
the new situations (Lesh, Cramer, Doerr, Post, & Zawojewski, 2003). At Figure 2.2

given below, the modeling sequence is summarized.
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Follow-Up Activities

Warm-Up Activity

Model-Eliciting

Model-Exploration

— Model-Adaptation

Activity Activity Activity
N
Presentations & Reflection & l
Discussions Debriefing Discussion about
Structural
Similarity

Figure 2.2 A scheme for modeling sequences (Lesh, Cramer, Doerr, Post, &
Zawojewski, 2003, p. 45)

Modeling sequences have been developed as modular sequences since it was aimed to
enable teachers use any part of them with different purposes like assessment and
instruction in the class. Teachers can adapt any part of the modeling sequence to their
own instruction by adding, deleting, modifying, or re-sequencing the parts of modeling

sequences (Lesh, Cramer, Doerr, Post, & Zawojewski, 2003).

2.1.2 Model-Eliciting Activities (MEAS)

Model-eliciting activities (MEAS) are special tools used at school curriculum within
the models and modeling perspective (Moore, Doerr, Glancy, & Ntow, 2015). They
are complex, open, and non-routine problems with different entry levels in real-world
contexts (Wessels, 2014). MEAs are designed for students to work together in teams
to emphasize deeper and conceptual understanding while creating models (Lesh &
Doerr, 2003). Students are asked to develop higher conceptual systems (models) by
modifying or extending existing conceptual systems and constructs. To accomplish
this, students need to integrate, revise, re-organize, or differentiate their initial
mathematical interpretations (Lesh & Yoon, 2004). Unlike traditional story problems
which require students to give short and only one exact answers on recently learned

mathematical concepts, students’ models (solutions) are complex tools that meet the
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given clients’ needs in given real life situations. Tools can be expressed, tested, and
revised easily since these tools must be reusable and sharable in other situations (Lesh
& Zawojewski, 2007).

There are two important reasons why MEAs have been developed and used. Firstly,
students find an opportunity to consolidate their existing mathematical knowledge and
build new knowledge while they are developing models for the complex mathematical
problem given in the real-life context. Secondly, teachers find an opportunity to
observe and examine students’ mathematical thinking (Chamberlin & Moon, 2005;
Lesh & Doerr, 2003; Wessels, 2014).

Lesh, Hoover, Hole, Kelly, and Post (2000) have described six principles for designing
productive MEAs. Following these principles during designing or modifying MEAS
provides that all MEAs meet the desired standards and stimulate model-eliciting
behaviors. To ensure if designed or modified MEAs meet all the standards, researcher
can conduct field tests, pilot studies, or interviews with students (Chamberlin & Moon,
2005). These six principles were summarized below (Chamberlin & Moon, 2005;
Lesh, Hoover, Hole, Kelly, & Post, 2000; Zawojewski, Lesh, & English, 2003).

1. Model Construction Principle: This principle states that all MEASs require the
development of a mathematical model at the end of the process. According to Model
Construction Principle, students need to construct a model which consist of
concrete, graphic, symbolic, or language-based representational systems. To check
if the developed or adapted MEAs fulfill this principle, Lesh, Hoover, Hole, Kelly,
and Post (2000) suggest to ask “Does the task put students in a situation where they
recognize the need to develop a model for interpreting the givens, goals, and
possible solution processes in a complex, problem solving situation? Or, does it ask

them to produce only an answer to a question that was formulated by others?”
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2. Reality Principle (Personal Meaningfulness Principle): This principle states that
MEAs are “real” questions rather than a “mathematics class” questions. In this
sentence, “real” means that the context of MEAs should touch the life of target
students. In other words, personal cultures, experiences, and interests of students
need to be considered while designing the MEAs. According to Reality Principle,
students understand the MEAs in realistic contexts based on their past experiences.
To check if the developed or adapted MEAs fulfill this principle, Lesh, Hoover,
Hole, Kelly, and Post (2000) suggest to ask "Could this really happen in a real-life

situation?"

3. Self- Assessment Principle: This principle states that MEAs need to have
appropriate criteria for evaluating the usefulness of alternative solutions.
Accordingly, students should be able to evaluate the usefulness and appropriateness
of their own models without feedbacks from the teacher. Moreover, during
modeling process, students should be able to decide changes they should make,
whether developed models need to be revised, or which of different models is most
efficient for the given problem. To check if the developed or adapted MEAs fulfill
this principle, Lesh, Hoover, Hole, Kelly, and Post (2000) suggest to ask “Does the
problem statement strongly suggest appropriate criteria for assessing the
usefulness of alternative solutions? Is the purpose clear (what, when, why, where,
and for whom)? Are students able to judge for themselves when their responses
need to be improved, or when they need to be refined or extended for a given

purpose? Will students know when they have finished?”

4. Construct Documentation Principle: This principle states that MEAs require
students to document their responses in a written form, specifically as a letter
written for client. To explain their own solutions (model), students need to
document their thinking during the modeling process. This principle enables
teachers to see thinking ways of the students, as well as the final solutions (models)
of students. To check if the developed or adapted MEAs fulfill this principle, Lesh,
Hoover, Hole, Kelly, and Post (2000) suggest to ask “Will responding to the
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question require students to reveal explicitly how they are thinking about the
situation by revealing the givens, goals, and possible solution paths that they took
into account? In particular, will it provide an "audit trail” that can be examined to
determine what kinds of systems (objects, relations, operations, patterns, and

regularities) the students were thinking with and about?”

5. Model Generalizability Principle: This principle states that MEASs require the
development of models that are used in other similar situations. According to this
principle, students must be able to develop the models that are shared and reused in
parallel situations. To check if the developed or adapted MEAs fulfill this principle,
Lesh, Hoover, Hole, Kelly, and Post (2000) suggest to ask “Is the model that is
developed useful only to the person who developed it and applicable only to the
particular situation presented in the problem, or does it provide a way of thinking

that is shareable, transportable, easily modifiable, and reusable?”

6. Effective Prototype Principle: This principle states that MEAs require the
development of models that are easily understandable by others. According to this
principle, students need to develop mathematically rich and significant models for
the complex problems in a simple way. To check if the developed or adapted MEAs
fulfill this principle, Lesh, Hoover, Hole, Kelly, and Post (2000) suggest to ask
“Does the solution provide a useful prototype, or metaphor, for interpreting other
situations? Long after the problem has been solved, will students think back on it

when they encounter other structurally similar situations?”

The MEASs have a traditional format for the teachers who want to use them in the class
(Zawojewski, Lesh, & English, 2003; Chamberlin & Moon, 2005). Each MEA
includes four parts. The first part is a reading passage. Reading passages are the
mathematically rich newspaper articles whose contexts are relevant with the upcoming
MEAs. These passages enable students to understand the context of MEA and realize
the real-world applications of the upcoming MEA. With the help of reading passages,

students get familiar to the upcoming MEAs and spend less time to understand the
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problem situation (Chamberlin & Moon, 2005). Besides, parents realized the
significance of working on MEAs thanks to reading passages (Lesh, Hoover, Hole,
Kelly, & Post, 2000). In the second part, students answer readiness questions about the
reading passages. Several types of questions can be asked such as basic comprehension
questions, inference questions, or questions requiring the interpretation of data given
in the problem. The aim of this part is to provide that students understand the context
of the upcoming MEA accurately. In addition, if teachers answer these questions with
students in the class outloud before modeling process, teachers can determine their
students’ readiness about the problem situations (Chamberlin & Moon, 2005). The
third part is the data part. This part includes data which are used by students while
developing models. Data can be a chart, diagram, map, table of times, performance,
and price etc. The fourth part is the problem statement. The statement is generally one
paragraph long. Solution of the problem statement asks students to develop models for
an imaginary client (Chamberlin & Moon, 2005).

The implementation procedure of MEASs can be regulated by teacher. However, there
are some principles and traditional formats about it needed to be followed (Coxbill,
Chamberlin, & Weatherford, 2013; Zawojewski, Lesh, & English, 2003). Lesh,
Cramer, Doerr, Post, and Zawojewski (2003) stated that MEAs mainly include three
parts which are warm-up, modeling process, and follow-up. Literature gives some
suggestions about planning and managing the implementation of MEAS on the basis
of researchers” own experiences (Coxbill, Chamberlin, & Weatherford, 2013;
Zawojewski, Lesh, & English, 2003).

At warm-up part, readiness activities are implemented before the actual modeling
process. Readiness activities consist of a reading passage related to context of
upcoming MEA and five to six readiness questions which review the content of the
passage. This part allows students and teachers to feel more comfortable when students
start to work the challenging MEAs. There are various ways to implement readiness

activities. They can be given as homework, and then can be examined with students in
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the class before starting the modeling process. Or one student can be asked to read the
reading passage loudly in the class and other students listen. Then, readiness questions
are answered together (Coxbill, Chamberlin, & Weatherford, 2013). Zawojewski,
Lesh, and English (2003) suggested that teachers had better prefer doing readiness
activities in the class when MEAs are used at the first time, and then they can give
readiness activities as homework for the other MEAs.

At modeling part, students start to develop their own mathematical models by
expressing, testing, and revising them (Coxbill, Chamberlin, & Weatherford, 2013).
Firstly, cooperative groups are formed by teacher. Zawojewski, Lesh, and English
(2003) recommend dividing students into groups of three or four. Teacher should
consider students’ skills, personalities, and thinking ways. Each group consists of
students who have different ways of thinking and different types of skills and
personalities. This results that students look from different perspectives while
developing models. Secondly, copies of MEA are distributed as one copy per group or
each student a copy. It is up to teacher’s preference. Then, enough time (5 minutes) is
given to read. Zawojewski, Lesh, and English (2003) suggested that after each student
read the problem situation, teacher conducts the brief class discussion to ensure that
the problem statement (mathematical mission, client etc.) is clearly understood.
Thirdly, one or two lesson hours (approx. 50 min) is given to students for working on
their models. At the end of the process, students are expected to record their thinking
ways, and ideas in a letter format for the imaginary client (Coxbill, Chamberlin, &
Weatherford, 2013). In this part, teacher’s role is significant (Zawojewski, Lesh, &
English, 2003). Teacher should not get involved the modeling process actively as much
as possible. Teacher must just listen and observe the students not to affect students’
thinking way. However, students usually ask teacher for help during modeling process.
If students ask questions about what they do, teacher should suggest students to read
the problem statement again and try to identify the client and the solution asked.
Similarly, Coxbill, Chamberlin, and Weatherford (2013) suggest that teacher can

respond students’ questions with questioning tactics by asking specific questions:
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“What is the mission or problem statement asking you to do? What is your group trying
to do? What do you think? Could you expand on that idea? How does this solution

address the mission?”’

At follow-up part, students present their models briefly. Then, a brief researcher-
moderated, student-centered discussion on presented models can be done to motivate
students for upcoming MEAs by sharing their own products with class (Coxbill,
Chamberlin, & Weatherford, 2013; Lesh, Cramer, Doerr, Post, & Zawojewski, 2003).

2.2. Review of Related Literature

There are many resources in the literature written by experts in this field. Since it is
not possible to mention all of them, the presented studies are limited considering the
purpose of this study. In this part, previous studies on MEAs that are conducted with

elementary school students (from grade 1 to grade 8) are reviewed.

Jung (2015) carried out a study to identify the strategies used by two middle school
teachers and their students during MEAs. Two eighth-grade teachers and researcher
worked together to co-develop and co-teach modeling lessons with MEAs over a
semester. Three MEASs were implemented by two teachers during the eleven weeks at
their own classes. Audiotaped interviews and discussions with two teachers and their
students’ written work were used as the data source. As a result, researcher determined
strategies that helped students’ development of the modeling process. These strategies
were grouped under six principles of MEAs that are necessary to be satisfied for
productive models. Jung (2015) concluded that teachers can ask students questions to
be sure that they understand the task on the basis of their own real-life experiences for
reality principle, guide students with questioning to create a productive model for
effective prototype principle, remind students to develop a generalizable and reusable
model for model generalizability principle, ask students to document their process in

a letter format for model documentation principle, provide discussions and
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presentations that students see the alternative solutions for model construction
principle, ask students to use peer-review forms to evaluate their own responses for
self-evaluation principle. Parallel to Jung (2015), Moore, Doerr, Glancy, and Ntow
(2015) described strategies that can be helpful for students’ conceptual development
and ability to connect with other mathematical concepts. The Pelican Colonies MEA
was implemented to 6th grade students. At the end of the implementation, researchers
suggested helpful strategies for the role of teacher during MEAs. Firstly, teacher
should not intervene. Conversely, teacher should give students time to revise their
strategies after they receive feedbacks. Secondly, teacher should not direct students to
a particular solution. Instead, teacher can ask related questions to students for
clarification of solution path and thinking way. Thirdly, teacher should allow whole-
class sharing of ideas and strategies. This helps students see other groups’ ideas and
compare them with their own solutions. Lastly, teacher should prepare follow-up
activities that help students generalize the newly-learned concepts to another related

situation.

Different from studies mentioned above, Coxbill, Chamberlin, and Weatherford,
(2013) carried out a study with elementary students to identify mathematically creative
students and to develop creativity by using MEAs as a tool. 3" grade students including
14 boys and 10 girls and 6" grade students including 7 boys and 8 girls from
elementary school in USA were used as sample. Three different MEAs were
implemented to each class in alternating weeks. Written products were analyzed on a
scale by using Quality Assurance Guide and Krutetskii’s nine ways of thinking ways.
Creativity scores obtained from scale were analyzed using Multifactor ANOVA with
and alpha level of .05 to identify mathematically creative students. Additionally, class
mean scores were used over the course of the three MEAS to determine development
of mathematical creativity during MEAs implementation. As a result, MEAs were
determined as a first step tool to develop creativity and identify mathematically
creative students. One 6™ grade student was identified as mathematically creative and
an analysis presented a mean change in 6™ grade class scores of 1.41 on a 5-point scale
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during three MEAs implementation. Another study on the effect of MEAs to students’
creativity was conducted by Gilat and Amit in 2013. The purpose of the study was to
show how engaging students in MEAS can promote mathematical creativity. 10-year-
old and 13-year-old high achiever girls were participants of this case study. Each girl
received the same MEA task followed traditional implementation process (warm-up,
model development-presentation-discussion). Then, interviews were done with each
girl. Qualitative data analysis was used to investigate mathematical creativity with the
framework of creativity namely, fluency, flexibility, and novelty. Interviews, written
materials, researchers’ notes, conversations during activities, and final discussion were
data sources. To conclude, participants created various modeling cycles that presented
their thinking process that may serve as the foundation for a methodology that uses

MEAs to stimulate mathematical creativity.

Eraslan and Kant (2015) conducted a study to identify the modeling process of 4th-
year-middle-school students during MEAs and to determine the difficulties
encountered during MEAs. Three students from a public school in Turkey were chosen
as a focus group. Volleyball Problem MEA was implemented. Video recording was
used as the data source and qualitative analysis was done. As a result, researchers
concluded that students produced different ideas, discussed various assumptions while
developing models. In addition, MEA enabled students to develop their ways of
thinking. However, the study showed that students encountered some difficulties
during MEA process in connection with understanding, developing, and constructing
an adequate model. Similarly, Celik and Eraslan (2015) carried out a qualitative study
with 4th grade students in a public school to determine difficulties encountered during
MEAs. Three students were determined as the focus group by using criterion sampling.
Focus group worked on the Crime Problem MEA. Video-recordings and written works
of students were used as main data sources. Data were analyzed according to Blum
and Ferri’s modeling processing cycle. The results showed that 4th grade students
successfully developed various models, determined the patterns among variables,

created and discussed different ideas and assumptions. However, students had
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difficulty to focus on the problem and they needed to have breaks during MEA
implementation process. Another research on students’ modeling process and
difficulties encountered during MEAs was conducted by Sahin and Eraslan in 2016.
Participants were 7th grade students in a public school in the Black Sea Region of
Turkey. The Paper Plane Contest MEA was implemented with three students that were
determined as the focus group by using criterion sampling technique. Video-
recordings and written responses were used as main data sources. Data was analyzed
by using descriptive analysis. The results showed that students created different
strategies for the given situation and considered each variable while developing
models. On the other hand, students had difficulty to understand the problem situation
and make mathematical operations. However, they overcame the difficulty of making

mathematical operations with the help of group working.

To conclude, there are various studies on implementation of MEAs in the elementary
classroom with different purposes. First of all, Jung (2015) and Moore, Doerr, Glancy,
and Ntow (2015) focused their studies on describing strategies that guide teachers
during the implementation of MEAs in the classroom. These studies also revealed that
these strategies can be useful for students’ conceptual development and ability to

connect with other mathematical concepts.

Secondly, Coxbill, Chamberlin and Weatherford (2013) and Gilat and Amit (2013)
integrated MEASs into instruction in elementary schools to stimulate and develop
mathematical creativity in school setting and identify mathematically creative
students. Thought-revealing activities (Problem posing, problem solving, MEAS) have
been successfully integrated into mathematics classes as an effective instructional tool
with the aim of developing mathematical creativity. Furthermore, in the light of these
studies, it can be concluded that thought-revealing activities, especially MEAs, can be

used as performance assessment tools to measure creativity in elementary schools.
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Thirdly, Eraslan and Kant (2015), Celik and Eraslan (2015), and Sahin and Eraslan
(2016) carried out studies on the modeling process of elementary students during
implementation of MEASs in the classroom and the difficulties confronted during
MEAEs. Studies revealed that although students were able to develop desired models in
the given real life situation, they had some difficulties while developing them.

In the light of studies summarized above, although there have been various researches
on implementation of MEAs in elementary class, none of them has addressed how
students behave during MEAs. Therefore, further researches have to be conducted to
enlighten students’ behaviors which emerge during MEAs and how students’
behaviors change during the implementation of MEAs in the classroom. Moreover,
there have still been few studies on difficulties that students encounter during the

implementation of MEAs in the classroom.
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CHAPTER 3

METHODOLOGY

The aim of this study was to reveal 5th grade students’ behaviors which emerge during
the Model Eliciting Activities (MEAs) and how students’ behaviors change from the
implementation of MEA-1 to MEA-3. This study also aimed to determine difficulties
that 5th grade students encounter during the implementation of MEAs in the

classroom.

In this chapter, methodology of the study will be presented in detail. First, design of
the study, context, participants, and data collection tools will be introduced. After that,
procedures, and data analysis will be explained. Finally, the quality of the study, and

limitations of the study will be addressed.

3.1  Design of the Study

In this study, researcher conducted a case study research method to obtain detailed
information in a situation. Case study is a qualitative research method that focuses on
developing an in depth understanding of a specific case like an event, activity, or
process (Creswell, 2012). In case studies, case refers to an individual, a classroom, a
program, or a school, as well as it can be a particular event, an activity, or an ongoing
process (Fraenkel, Wallen, & Hyun, 2011).The goal of case studies is to gain insights
through the study of a unique case to suggest ways to help similar cases in the future
(Fraenkel, Wallen, & Hyun, 2011).
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To answer the three research questions of the study, the researcher needed to gather in
depth understanding of 5th grade students’ behaviors and difficulties during
implementation of MEAs. In this study, the researcher investigated Sth grade students’
behaviors which emerge during the MEAs and how students’ behaviors change from
the implementation of MEA-1 to MEA-3. Additionally, the researcher determined
difficulties that 5th grade students encounter during the implementation of MEAs in
the classroom. As a result, the case was determined as the implementation of MEA in

the classroom setting.

3.2 Context

The context of the study was a public religious (Imam Hatip in Turkish) middle school
in Yenimahalle, Ankara. The school was specified as a “project school” in 2016 by the
Ministry of National Education (MoNE). Project school is a special school that applies
innovative instructional methods, and national or international projects. According to
project school regulation, these schools can admit students with a special entrance
exam. There were approximately 1000 students from 5th grade to 8th grade. The
school is located at the central part of the Ankara. Hence, almost all students had high
socio-economic standards. The school admitted 5th grade students with an entrance
exam including participants of the study. Therefore, all 5th grade students had at least
average mathematical achievement. There were 12 mathematics teachers out of 72
teachers. Standard middle school curriculum specified by MoNE was used in the
school at the time of data collection. None of mathematics teachers used innovative
instructional methods. They preferred to teach mathematics by using direct instruction
instead of using student-centered approaches. Therefore, students were not familiar to
MEAs which was one of the student-centered approaches. Besides, although various
mathematics manipulatives were available in the school, none of mathematics teachers
used them in their classes. The researcher started to work as a mathematics teacher in

this school at the beginning of 2016-2017 school year. Accordingly, the researcher
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wore two hats as a researcher and a mathematics teacher in the class while conducting
the study.

3.3  Participants

In this study, participants were 31 fifth grade students in a public religious middle
school in Yenimahalle, Ankara. In other words, class A which had 31 female students
constituted the participants of the study. Participants were divided into groups during
MEA process. One focus group was determined by researcher. Then, findings were
obtained from the focus group data. All participants were females, since classes for
females and males were separated at the school because of being a religious school.
Students took an entrance exam to enroll to this school. 300 5th grade students
including participants in this study were chosen out of 1000 students taking the
entrance exam before 2016-2017 school year. Therefore, each student has at least

average mathematical achievement.

Non-random sampling is feasible, since generalizability is not a concern in qualitative
studies (Merriam, 2009). Convenience sampling and purposive sampling were used in
this study. In purposive sampling, researcher selects the sample based on prior
knowledge and the specific intent of the research (Fraenkel, Wallen, & Hyun, 2011).
The researcher wanted to obtain desired information which was suitable to the specific
aim of the study. Therefore, researcher considered the aim of the study while
determining participants of the study. Additionally, convenience sampling is a
sampling method that participants are selected according to availability for a study
(Fraenkel, Wallen, & Hyun, 2011). Convenience sampling saves time, money, and
energy. Also, it provides convenience to researcher in terms of location, and
availability of individuals (Merriam, 2009). The participants mentioned above were
selected by using purposive and convenience sampling method due to two reasons.
Firstly, the researcher is the math teacher of class A. Participants were familiar to the

researcher and the researcher knows participants’ backgrounds, achievement levels,
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abilities, and personalities. Therefore, collecting data were easy and reliable for the
current study. In addition, the researcher was able to interpret the data more accurately.
Secondly, class A has average and above-average mathematics achievement based on
the score of school entrance exam. In this study, students needed to have at least
average mathematical achievement and know basic mathematics knowledge and skills.
Since students has average and above mathematics achievement, they did not have
difficulty to use necessary mathematics knowledge and skills while they were
developing models. This provided to get useful and adequate information which was

essential to answer the research questions properly.

3.4 Data Collection Tools

In this study, video recordings of each MEA implementation process, audio recording
of focus group, written works of participants, and field notes were used as the main

data sources.

3.4.1 Video and Audio Recordings

Each MEA was recorded by two cameras in the class. One of them recorded the whole
class during MEAs while other was recording the focus group. In addition, data was
obtained from focus group with the audio recording. The researcher chose to use video
and audio recording as the data source since it would be difficult without video and
audio recordings to follow the essential data for determining the difficulties and
significant behaviors. Audio and video recordings captured the participants’ gestures,
movements, conversations, and intonations that helped to determine findings of the
research accurately. In addition, audio and video recordings enabled researcher to
reexamine data over and over again after implementation process for coding critical

behaviors and difficulties.
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3.4.2 Written Works and Field Notes

Findings were supported with written works of participants and field notes. The
researcher gathered written works of the groups at the end of each MEA. Moreover,
the researcher took field notes about students’ behaviors and difficulties during MEAs
when the researcher got the chance. The written works and the field notes enriched the
data and helped recordings to complete the big picture. As a result, various data sources

empowered the findings of the study.

3.5 Instructional Tool: MEAS

351 MEAs

MEAs were used as an instructional tool in the study. Three different MEAS were
chosen and adapted to observe participants’ behaviors and difficulties during MEAs.
The names, objectives and mathematics content of the MEAs are listed in Table 3.1
The activities are presented in Appendix A. All MEAs were open-ended and have
various solutions which allow observing students’ creativity and diversity in thinking.
The researcher considered the participants grade level while choosing the mathematics
content of the MEASs, which were chosen among the mathematics contents that had
been covered by 5th grade students so far. Activities were chosen from three different
mathematics contents purposefully to authenticate the findings. This situation gave the

teacher a new chance with each activity to observe different behaviors and difficulties.
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Table 3.1 Summary of the MEAs used in the study

Name Objective Mathematics
Content
Summer Create a system for assigning points in a Developing and
Reading summer reading program based on three  weighing variables

separate factors to identify the winner

Big Lawn Design a lawn as parking space which Measuring area
Pays Off can take as many cars as possible based

on determined factors.

Snowflake Form 8-sided snowflake by using a given Symmetry
paper folding model, and develop a 6-
sided snowflake by revising the given

model

All MEAs were taken from the Purdue University College of Engineering website
(Purdue University, 2016). They were open sources. All MEAs had been field tested
and piloted in a classroom. The MEAs were in English. Therefore, the researcher
translated them from English to Turkish considering the traditional format of the
MEAs. Yet, the MEAs were revised in regard to 