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ABSTRACT

AN INVESTIGATION OF PROSPECTIVE SECONDARY MATHEMATICS
TEACHERS’ THINKING ABOUT MATHEMATICAL MODELING AND
PEDAGOGY OF MODELING THROUGHOUT A MODELING COURSE

Korkmaz, Himmet
Ph. D., Department of Secondary Science and Mathematics Education

Supervisor: Assoc. Prof. Dr. Ayhan Kiirsat Erbag

July 2014, 324 pages

The purpose of this study is to investigate the evolution of prospective
secondary mathematics teachers’ thinking about mathematical modeling and
pedagogical knowledge of mathematical modeling throughout a modeling course
designed for teachers. This study utilizes case study as a research design. The
participants were 25 prospective secondary mathematics teachers enrolled in a course
entitled “Mathematical Modeling for Prospective Teachers” in a public university, in
Ankara during the spring semester of 2011-2012. Data were collected through six
modeling activities, participants’ working sheets on the modeling activities, pre- and
post-survey forms related to pedagogy of modeling, semi-structured interviews, field
notes, videotaped classroom discussions, classroom observation notes, and students’
way of thinking sheets. The data were analyzed by using qualitative methods.

The results of the study demonstrated that prospective teachers developed
positive views about mathematical modeling and about the use of mathematical
modeling activities in the classroom settings. Prospective teachers’ conceptions about
mathematical modeling changed from modeling as concrete materials and
visualization to modeling as relating mathematics to real life. Another important
finding is that prospective teachers developed significant ideas about the knowledge
and skills needed for teachers to teach mathematics through modeling. The prospective

teachers also emphasized the importance of teachers’ role in the modeling process. It



was concluded that the course contributed significantly to the prospective teachers’
thinking about pedagogy of modeling.
Keywords: Prospective Secondary Mathematics Teachers, Mathematical

Modeling, Mathematics Teacher Education, Pedagogy of Mathematical Modeling.
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0z

ORTAOGRETIM MATEMATIK OGRETMEN ADAYLARININ
MATEMATIKSEL MODELLEME VE MODELLEME PEDAGOJIiSi
UZERINE DUSUNCELERININ BiR MODELLEME DERSI SURESINCE
INCELENMESI

Korkmaz, Himmet
Doktora, Ortadgretim Fen ve Matematik Alanlar1 Egitimi Bolimii

Tez Yoneticisi: Dog. Dr. Ayhan Kiirsat Erbas

Temmuz 2014, 324 sayfa

Bu ¢aligmanin amaci matematik 6gretmenleri i¢in tasarlanan matematiksel
modelleme dersi kapsaminda ortadgretim matematik Ogretmen adaylariin
matematiksel modellemenin kullanimi ile ilgili pedagoji bilgilerindeki degisimi ve
matematiksel modellemenin kullanimma yo6nelik diistincelerindeki degisimi ve
gelisimi incelemektir. Bu ¢alismada 6rnek durum c¢alismasi arastirma deseni olarak
kullanilmistir. Bu aragtirmaya Ankara’daki bir devlet tiniversitesinde 6grenim goren
ve 2011-2012 akademik yilinin ikinci déneminde “Ogretmen Adaylari igin
Matematiksel Modelleme” dersine kayit yaptiran 25 ortadgretim matematik dgretmen
adayr katilmigtir. Bu ders kapsaminda uygulanan altt modelleme etkinligi,
katilimcilarin modelleme etkinlikleri ile ilgili calisma kagitlari, modelleme pedagojisi
ile ilgili 6n- ve son-tarama formlari, yari-yapilandirilmis goriismeler, alan notlari,
video kaydina alinmig sinif i¢i tartismalar, sinif i¢i gozlem notlari, 6grenci diisiinme
sekilleri raporlari ¢alismanin veri kaynaklarini olusturmaktadir. Veri analizi nitel

yontemler kullanilarak yapilmistir.
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Aragtirmanin sonuglart 6gretmen adaylarinin matematiksel modelleme ve sinif
icinde kullammi hakkinda olumlu goriis gelistirdiklerini gdstermistir. Ogretmen
adaylarinin modellemeye yonelik diisiinceleri somut materyal kullanimi ve
gorsellestirmeden matematigi gercek yasamla iligskilendirme yoOniinde degistigi
goriilmiistiir. Arastirmanin diger bir Onemli bulgusu da ogretmen adaylarinin
ogretmenlerin matematigi modelleme yoluyla 6gretmeleri i¢in sahip olmalar1 gereken
bilgi ve beceriler hakkinda onemli fikirler gelistirdikleri goriilmiistiir. Ayrica,
Ogretmen adaylar1 6gremenin  modelleme  siirecindeki roliinlin  Gnemini
vurgulamislardir. Arastirma sonunda modelleme dersinin 6gretmen adaylarinin
modelleme pedagojisi hakkindaki diisiincelerine 6nemli katki sundugu sonucuna
varilmstir.

Anahtar Kelimeler: Ortadgretim Matematik Ogretmen Adaylari, Matematiksel

Modelleme, Matematik Ogretmen Egitimi, Matematiksel Modellemenin Pedagojisi.
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CHAPTER 1

INTRODUCTION

In recent decades, mathematical modeling has been on the agenda of
mathematics education community as an aim for mathematics teaching (Blomhgj ve
Jensen, 2007; Blum, Galbraith, Henn & Niss, 2002; Crouch ve Haines, 2004; Haines
ve Crouch, 2001; Lingefjard, 2002a; Lingefjard & Holmquist, 2005) or as an
alternative method for teaching and learning of mathematics (Gravemeijer, 2002;
Gravemeijer & Stephan, 2002; Lesh & Doerr, 2003a). Many researchers put great
emphasis on the importance of mathematical modeling in the teaching and learning of
mathematics (Blum & Niss, 1991; Doerr & Lesh, 2003, 2011; Lesh & Zawojewski,
2007). Although mathematical modeling has been underlined and integrated in many
countries’ secondary school curricula (Burkhardt, 2006; Lingefjard, 2002b, 2006;
Stillman, 2010), the implementations of mathematical modeling and modeling
activities in classrooms are still scarce (Burkhardt, 2006; Frejd, 2012; Henn, 2007,
Maap, 2005) due to several reasons such as hinders related to teachers’ negative
conceptions about mathematical modeling and its use in the teaching and learning of
mathematics (Blum & Niss, 1991; Kaiser & Maap, 2007; Maap, 2011; Schmidt, 2011;
Siller, Kuntze, Lerman, & Vogl, 2011), obstacles related to the domination of existing
educational system, chaotic situation and messiness of the real world, and limited
professional development of teachers (Blum & Niss, 1991; Burkhardt, 2006; Kuntze,
Siller, & Vogl, 2013).

Since limited professional development of teachers in mathematical modeling
was indicated as an obstacle that hinders teachers in using mathematical modeling in
their classrooms, many studies were conducted to design a mathematical modeling
courses for both prospective teachers and in-service teachers by various researchers
(e.g., Barbosa, 2001; Blomhej & Kjeldsen, 2006; Holmquist & Lingefjard, 2003;
Jiang, McClintock, & O’Brien, 2003; Lingefjard, 2006; Kaiser & Schwarz, 2006;
Borromeo Ferri & Blum, 2009; Maafl & Gurlitt, 2011). Although these efforts were
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valuable and important steps for ensuring teachers’ professional development in
mathematical modeling and its teaching, there is a need for an enhanced and reinforced
professional development in modeling-specific pedagogical content knowledge (PCK)
both in initial mathematics teacher preparation and professional development
programs for in-service teachers (Kuntze et al., 2013). Many researchers indicated that
there is a need for further studies on what qualifications teachers need related to
mathematical modeling and pedagogy of modeling in order to implement
mathematical modeling and modeling activities in their classrooms effectively (Blum
et al., 2002). Therefore, the components of teachers’ modeling-specific PCK should
be determined by researchers through new studies on it and the results of these studies
need to be evaluated in order to improve professional development of teachers in the

domain of modeling-specific PCK (Kuntze et al., 2013).

1.1 Mathematical Modeling and Its Importance in the Teaching and Learning
of Mathematics

Many countries have been updating their school mathematics curricula in
accordance with the requirements of the new era. In the recent decades, a remarkable
interest has been growing on the use of mathematical modeling in the teaching and
learning of mathematics. Many researchers underlined the pivotal role of mathematical
modeling and its key roles in the teaching of mathematics (Blum & Niss, 1991; Doerr
& Lesh, 2011; Kaiser & Maa, 2007; Lesh & Doerr, 2003a; Lesh & Zawojewski, 2007;
Lingefjdrd, 2000; 2002a). Although the importance of mathematical modeling has
been emphasized strongly in mathematics education community, there is not a
common understanding of mathematical modeling and its components (Crouch &
Haines, 2004; Doerr & Lesh, 2003; Lingefjéard, 2002a; Pollak, 2003). The theoretical
consideration of mathematical modeling differentiates in terms of its definition (Lesh
& Doerr, 2003a; Lingefjard, 2002a), pedagogical goals involving its role and place in
the teaching of mathematics (Blum & Niss, 1991; Kaiser & Sriraman, 2006), modeling
processes (Borromeo Ferri, 2006), mathematical modeling abilities and competencies
(Haines & Crouch, 2007), and assessing the performance of students in the modeling
process (Borromeo Ferri & Blum, 2009; Galbraith, 2007).

Crouch and Haines (2004) described mathematical modeling as “moving from
a real-world situation to a model, working with that model and using it to understand
and to develop or solve the real-world problems” (p. 197). According to Lesh and
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Lehrer (2003), mathematical modeling is a process of developing models that are used
to describe particular situations for specific goals, involves testing, revising, and
refining procedures. A significant role has been attributed to mathematical modeling
in the teaching of mathematics in recent years. The teaching of mathematics through
modeling activities involves local conceptual development for both students and
teachers (Lesh & Doerr, 2003a). By local conceptual development, we mean that
students and teachers need to develop constructs and conceptual systems when they
deal with  model-eliciting activities. This process includes similar
“operational/relational schemas (or cognitive structures) that developmental
psychologists have investigated for children’s mathematical judgements about
underlying ideas” that result in conceptual development in students’ mind locally
(Lesh & Harel, 2003, p. 161). In addition, mathematical modeling activities provide
students learning contexts for meaningful learning of mathematical concepts (Lesh,
Cramer, Doerr, Post, & Zawojewski, 2003; Lesh & Doerr, 2003a; Lingefjard, 2002;
Zbiek & Conner, 2006).

Although mathematical modeling is highlighted in the teaching and learning of
mathematics, there is not an agreement among the issues and concepts of mathematical
modeling in the literature (Kaiser & Sriraman, 2006). For instance, the relationship
between mathematical modeling and problem solving is one of the controversial
issues. Several researchers pointed out the similarities and differences between
mathematical modeling and problem solving (e.g., Erbas et al., in press; Lesh & Yoon,
2007; Lesh & Zawojevski, 2007; Zawojevski & Lesh, 2003; Zawojevski, 2010).
Researchers proposed that traditional problem solving included in model-eliciting
activities (Lesh & Doerr, 2003a) and the general characteristics of model-eliciting
activities are identified (Lesh, Hoover, Hole, Kelly, & Post, 2000). Furthermore,
mathematical modeling can be confused with the use of concrete manipulatives and
visual models in elementary school levels (Erbas et al., in press; Gravemeijer, 2002;
Lesh et al.,, 2003). For instance, using “arithmetic blocks” in the teaching of
mathematics can be regarded as concrete manipulatives to create constructs for
forming a basis for mathematical reasoning (Lesh et al., 2003). Whereas, mathematical
modeling involves more than using concrete manipulatives as defined by various
researchers (Lesh & Doerr, 2003a; Lesh & Lehrer, 2003; Pollak, 2003; Verschaffel et
al., 2002).



Many national or international organizations published standards and reports
for school mathematics emphasizing mathematical modeling. National Council of
Teachers of Mathematics (NCTM) (1989) reported that students in grades 9-12 should
be able to “apply the process of mathematical modeling to real-world problem
situations (p. 137)” as one of the standards in the Curriculum and Evaluation
Standards for School Mathematics. In the Principles and Standards for School
Mathematics, NCTM (2000) underlined the importance of mathematical modeling in
the teaching and learning of mathematics starting from earlier grades. In addition,
some international organizations like Organisation for Economic Co-operation and
Development (OECD), which conduct educational assessment programs and surveys,
pointed out the need for fostering students” mathematical modeling competencies
(OECD, 2009). In recent years, the Common Core State Standards (CCSS) announced
in the United States by the Common Core State Standards Initiative (CCSSI) also
emphasize the importance of mathematical modeling as both process and

mathematical content.

Modeling links classroom mathematics and statistics to everyday life, work, and decision-making.
Modeling is the process of choosing and using appropriate mathematics and statistics to analyze
empirical situations, to understand them better, and to improve decisions (CCSSI, 2010, p. 72).

At national level in Turkey, Ministry of National Education [MEB] (2011a) identified
some mathematical skills and with secondary mathematics curriculum, “the
development of some important mathematical skills have also been targeted. These
skills are; reasoning, problem solving, communication, association and modeling” (p.
4). MEB (2011a) described mathematical modeling as a skill that needs to be
developed throughout the mathematics curriculum for secondary school. In recently
updated mathematics curriculum, mathematical modeling is identified as a
competency and skill with problem solving that should be fostered in students (MEB,
2013). One of the matters that should be taken into consideration when preparing
materials and learning environments in the implementation of mathematics curriculum
is the following: “Learning environments which is relevant to students’ levels and
intersts and based on realistic problem solving and modeling activities by ensuring the
active participation should be preferred” (MEB, 2013, p. ii). In general, a great
emphasis has been put on mathematical modeling and problem solving in the latest
secondary mathematics curriculum. Moreover, mathematical modeling and problem

solving are used commonly in the objectives of subject matters throughout the



curriculum. For instance, in the teaching and learning of “Equations and Inequalities”,
the following objective (9.2.4.2) is aimed: “Students will be able to use equations and
inequalities in modeling and problem solving of real/realistic life situations” (MEB,
2013, p. 6).

As pointed out by many researchers, several countries have integrated
mathematical modeling in their school mathematics curriculum (e.g., Burkhardt, 2006;
Garcia, MaaP, & Wake, 2010; Lingefjard, 2002b, 2006; Stillman, 2010). In addition,
OECD (2003, 2009) reports and Standards (CCSSI, 2010; NCTM, 1989, 2000)
addressed the significance of mathematical modeling. Turkish Secondary School
Mathematics Curriculum (MEB, 20113, 2013) also put emphasis on the mathematical
modeling and modeling abilities as one of the goals of mathematics education in high
schools. However, it can be seen that the implications for the importance of modeling
in teaching and learning of mathematics have not been put into practice in curricular

documents and it is far away from the desired level.

1.2 Teachers’ Pedagogical Knowledge of Mathematical Modeling and Their

Professional Developments

Many researchers pointed out that teachers play a key role in the
implementation of the modeling process (Chapman, 2007; Doerr, 2006; 2007
Lingefjard & Meier, 2010; Ng, 2010; Stillman, 2010). The research studies revealed
that teachers avoid of implementing modeling activities in their classrooms due to the
various reasons (Bisognin & Bisognin, 2012; Burkhardt, 2006; Blum & Niss, 1991;
Ikeda, 2007; Kaiser & Maaf}, 2007) such as not knowing how to act as managers of
classroom during the implementation of modeling activities (Lingefjard & Meier,
2010), not knowing how to respond students’ questions during the implementation,
not feeling themselves comfortable in such a process (Ng, 2010). Doerr (2007)
indicated that teachers rarely use mathematical modeling in their teaching and she
pointed out the lack of knowledge about the pedagogy of mathematical modeling as a
possible reason.

Subject matter knowledge and pedagogical knowledge of teachers has a strong
impact on their teaching of mathematics (Grossman, 1990; Marks, 1990; Shulman,
1986, 1987). The same is true for the use of mathematical modeling in teaching (Doerr,
2007; Stacey, 2008). Stacey (2008) asserted that the knowledge of mathematical
modeling is one of the components of pedagogical content knowledge (PCK) of
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teachers. For the pedagogy of mathematical modeling, Doerr (2007) identified that
teachers need to have some qualifications such as being aware of students’ ways of
thinking, listening the students and providing them valuable feedbacks for fostering
their emergent models, providing and offering them useful representations appropriate
for their models. Doerr (2007) also suggested that both subject matter knowledge and
pedagogical knowledge should be included in teacher education programs in regard to
mathematical modeling. Additionally, Burkhardt (2006) mentioned about some
obstacles that prevent teachers from implementing mathematical modeling in the
classroom. These obstacles are being resistant to change of habits, beliefs, teaching
skills coming from ancestors, the messiness of real world, and restricted level of
professional knowledge about mathematical modeling. Similar obstacles have been
mentioned by many other researchers (e.g., Bisognin & Bisognin, 2012; Burkhardt,
2006; Blum & Niss, 1991; Ikeda, 2007; Kaiser & Maaf, 2007).

Knowledge about mathematical modeling has been considered as an important
part of professional knowledge of mathematics teachers. Although Conference Board
of the Mathematical Sciences (CBMS) underlined the importance of modeling course
that “prospective teachers should have experience modeling rich real-world
problems”, there is not adequate information about which contents should these
courses include or how these courses should be implemented (CBMS, 2012, p.60).
Recently, The National Council for Accreditation of Teacher Education (NCATE) and
NCTM has announced the Program Standards for Mathematics Education for teacher
preparation programs in terms of elementary, middle, and secondary levels.
Mathematical modeling has been emphasized in the Program Standards for
Mathematics Education for all levels in the Standard 2. It is indicated by the Standard
that prospective mathematics teachers should be able to “Formulate, represent,
analyze, and interpret mathematical models derived from real-world contexts or
mathematical problems” (NCATE/NCTM, 2012, p. 1) in order to become effective
mathematics teacher. In the same document, Standard 3 is strongly associated with
prospective teachers’ knowledge of content pedagogy. That is, the standard includes
sub-dimensions such as prospective secondary mathematics teachers “apply
knowledge of curriculum standards for secondary mathematics and their relationship
to student learning within and across mathematical domains” and “provide students
with opportunities to communicate about mathematics and make connections among

mathematics, other content areas, everyday life, and the workplace” which are also
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strongly related with pedagogy of mathematical modeling (NCATE/NCTM, 2012,
p.2). By these standards (Standard 2 & 3), knowledge and pedagogy of mathematical
modeling has been considered as a qualification for being secondary mathematics
teacher. Therefore, mathematics teacher preparation programs gain more importance
for fostering pre-service teachers in terms of the pedagogy of mathematical modeling.

In the context of Turkey, there are several efforts to describe both elementary
and secondary mathematics teacher competencies (MEB, 2008, 2011b). Although
mathematical modeling has not been mentioned as a mathematics teacher competency
in the competencies prepared for elementary mathematics teachers by MEB (2008), it
has been indicated intuitively in the competencies of secondary mathematics teacher
as teachers of mathematics “apply basic concepts and subjects in mathematics to other
disciplines and real life situations” (MEB, 2011b). While mathematical modeling has
been highlighted in the MEB’s curricular documents, it is important to revise
mathematics teacher education curriculum nationally and globally in order to reveal
the connection and coordination between secondary mathematics curriculum and
secondary mathematics teacher training programs.

Several researchers also indicated the need for professional development of
teachers in order to implement mathematical modeling process in classroom
environment (Doerr, 2006; 2007; Kuntze et al., 2013; Lingefjird & Meier, 2010; Maaf3
& Gurlitt, 2009; Ng, 2010). Moreover, it has been documented that the number of
undergraduate courses on mathematical modeling in the teacher education programs
are not adequate (Borromeo Ferri & Blum, 2009; Lingefjard, 2007). Recent studies
show that there are some research orientation in designing professional development
courses and/or programs on mathematical modeling for pre-service teachers (Barbosa,
2001; Borromeo Ferri & Blum, 2009; Holmquist & Lingefjard, 2003, 2006; Jiang,
McClintock, & O’Brien, 2003; Kaiser & Schwarz, 2006; Lingefjard, 2002b; Maa} &
Gurlitt, 2011) and in-service teachers (Blomhgj & Kjeldsen, 2006). Most of these
courses have an aim of teaching of modeling rather than teaching of mathematics
through modeling. In the related literature, these courses were designed and developed
according to researchers’ or teachers’ previous experiences rather than based on
literature or theoretical approaches. From this perspective, results and implications for
pedagogy of mathematical modeling have been scarce. Kaiser, Blomhgj, and Sriraman
(2006) stated that there is much more need for more studies about mathematical

modeling and its use in the teaching of mathematics in the classroom. The researchers
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pointed that a general theory about teaching and learning of mathematical modeling
has not been proposed yet (Kaiser et al., 2006). Blum and others (2002) indicated that
there existed many initiatives proposed and implemented mathematical modeling
courses and applications involving distinct techniques of instructions from most
traditional to innovative teaching approaches underlining the group work. Blum and
others (2002) posed the following questions to reveal the gap in the related literature:

What are appropriate pedagogical principles and strategies for the development of
applications and modelling courses and their teaching? Are there different principles

and strategies for different educational levels? (p. 164)

At this point, this study will try to address these questions, which Blum and others
(2002) asked on the basis of thinking of prospective mathematics teachers. In this
study, the evolution of prospective teachers’ thinking about mathematical modeling

and pedagogy of modeling were investigated throughout a modeling course.

1.3 Teachers’ Conceptions of Mathematical Modeling and Its Use in the

Classroom Settings

Teachers’ beliefs and conceptions play significant role in the application of
their previous acquired knowledge and they influence teachers’ decisions whether
teachers implement them or not (Pajares, 1992). Many researchers carried out studies
on the teachers’ beliefs about mathematics and its teaching and learning (e.g., Beswick,
2005, 2007, 2012; Carpenter, & Loef, 1989; Cooney, Shealy, Arvold, 1998; Ernest,
1989; Perry, Howard, & Tracey, 1999; Peterson, Fennema, McLeod & McLeod, 2002)
and influences of teachers’ conceptions in their teaching prectices (e.g., Agudelo-
Valderrama, Clarke, & Bishop, 2007; Beswick, 2005; Cross, 2009; Dougherty, 1990;
Kaplan, 1991; Raymond, 1997; Speer, 2005; Thompson, 1984; Wilkins, 2008).
Richardson (2003) indicated the importance of beliefs in teacher education because of
the reasons containing philosophical and psychological aspects. Prospective teachers
bring teacher preparation programs their beliefs about mathematics and its teaching
that have been acquired during previous educational experiences when they were
students such that some of them tend to be central beliefs that are resistant to change
(Ball, 1988, 1990a; Lampert & Ball, 1998; Richardson, 2003) and these conceptions
influence what and how they learn to teach from teacher education programs
(Calderhead & Robson, 1991; Richardson, 1996). There are many studies about



teachers’ conceptions of mathematical modeling (e.g., Gould, 2013; Kuntze, 2011,
Verschaffel, De Courte, & Borghart, 1997), and about teaching and learning of
mathematics through mathematical modeling (e.g., Bisognin & Bisognin, 2012; Kaiser
& Maap, 2007; Maap & Gurlith, 2011; Schorr & Lesh, 2003; Yu & Chang, 2011). The
result of these studies demonstrated that teachers’ conceptions about mathematical
modeling and about its use in teaching of mathematics show differences. For example,
on the one hand, Kaiser and Maaf3 (2007) identified that teachers’ beliefs about
mathematics are main obstacles that dissuade teachers from using mathematical
modeling in their classrooms. On the other hand, Yu and Chang (2011) found that
teachers believed that mathematical modeling enables students to make connection
between mathematics and real life situations, increases students’ mathematical skills,
improves students’ communication abilities by sharing ideas within the group work.
Similarly, Schorr and Lesh (2003) reported that teachers who participated in their
study changed their perceptions and views about the use of mathematical modeling in
the classroom setting in a positive direction.

Although there exist many studies which report difficulties in changing the
conceptions of prospective teachers about mathematics and about its teaching, Borasi,
Fonzi, Smith, and Rose (1999) noted that beliefs about the experience of teachers with
new activities is very significant in the period of attending pre-service teacher
education programs before they experience them as in-service teachers. Borasi and his
collegues (1999) expressed that there were many evidence about the importance of
prospective teachers dealing with new activities during the pre-service teacher
education in their project on professional development. Moreover, many researchers
indicated that prospective teachers come to teacher education programs with their
previously held conceptions about mathematics and its teaching that were brought
from their personal experiences when they were students (Ball, 1990a, 1990b). By the
researchers’ point of views, mathematics teacher preparation programs present an
opportunity to change prospective teachers’ conceptions about mathematics and
teaching of it.

Since many researchers pointed out the importance and potential influences of
pre-service teacher education programs on prospective teachers’ conceptions about
mathematics and its teaching, the studies about the effects of undergraduate courses

(like a modeling course for prospective teachers) on prospective teachers’ conception



of mathematics and teaching of it may serve as a valuable contribution to mathematics

education literature.

1.4 Statement of the Problem

Professional development of mathematics teachers and mathematical modeling
are two subjects that have attracted attention of mathematics education community in
recent years. Several researchers pointed out the role of modeling on teacher
development (Doerr & Lesh, 2003; Schorr & Lesh, 2003). Although many foundations
and organizations underlined the significance of mathematical modeling in school
curriculum (CCSSI, 2010; MEB, 2011b; NCTM, 1989, 2000; OECD, 2003, 2009) and
for professional standards that teachers should possess (NCATE/NCTM , 2012;
NCTM, 1991), there are limited number of studies related to development of
prospective teachers’ thinking about mathematical modeling and what knowledge
prospective teachers need to learn in order to implement mathematical modeling
process in their in-service practice effectively. Many researchers indicated that more
studies are needed on these subjects in order to reveal undetermined issues or clarify
tentative findings of previous studies (Blum et al., 2002; Doerr, 2007; Kuntze et al.,
2013).

1.5 Research Questions

In this study, prospective mathematics teachers’ developing ideas about the
pedagogy of mathematical modeling was investigated throughout the implementation
of a course designed for prospective mathematics teachers in order to provide them
with knowledge on using mathematical modeling in the teaching of mathematics; to
improve their mathematical modeling skills; and to guide them in developing positive

views on mathematical modeling. The following research questions guided this study:

e How did prospective secondary mathematics teachers’ conceptions about
mathematical modeling change throughout the implementation of the

designed course?

e How did prospective secondary mathematics teachers’ conceptions about
use of mathematical modeling in teaching change throughout the

implementation of the designed course?
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1.6 Significance of the Study

Many studies were carried out about the use of mathematical modeling in
teaching of mathematics through modeling (Crouch & Haines, 2004; Burkhardt, 2006)
which emphasize the significance of mathematical modeling not only in conceptual
development of students, but also in conceptual and professional development of
teachers (Doerr, 2006; 2007; Doerr & Lesh, 2003; Shorr & Lesh, 2003). Furthermore,
many organizations such as NCTM, OECD, and CCSSI underlined the importance of
mathematical modeling in their reports and suggested standards for school curricula
(CCSSI, 2010; NCTM, 1989, 2000; OECD, 2003, 2009).

Teacher education programs and professional development programs for
prospective mathematics teachers and in-service teachers have become vital for
developing and improving their subject matter knowledge and pedagogical knowledge
of teaching mathematics (Doerr, 2007). Educational organizations and institutions
published several documents to determine the qualifications and standards for
teachers’ knowledge. Professional Standards for Teaching Mathematics (NCTM,
1991) indicatied what knowledge teachers need to have in order to teach mathematics
efficiently and Program Standards for Mathematics Education (NCATE, 2012)
proposed standards for initial preparation of teachers of mathematics for all levels
(elementary, middle, and secondary). These Standards stressed the significance of
modeling knowledge of mathematics teachers in order to become effective and
qualified mathematics teachers.

Since mathematical modeling are highlighted more commonly, there are
various theoretical and empirical studies on the nature of mathematical modeling
(Carrejo & Marshall, 2007; Kaiser & Sriraman, 2006), on modeling competencies
(Blomhgj & Jensen, 2007; Jensen, 2007; Kaiser, 2007; Maap, 2006;), on modeling
process (Borromeo Ferri, 2006; Galbraith & Stillman, 2006), on the classroom
implementations of modeling (Burkhardt, 2006; Blum & Niss, 1991; Chapman, 2007;
Stillman, 2010), on the role of teachers in modeling process (Chapman, 2007; Doerr,
2006; Lingefjard & Meier, 2010; Ng, 2010), and so on. Researchers pointed out that
there are very limited studies about what knowledge teachers need to have in order to
implement mathematical modeling process effectively in their classrooms and
announced that international studies are needed in the preparation and development of

mathematics teachers in this domain (Blum, 2002; Doerr, 2007). There has been
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existed very restricted number of theoretical (e.g., Antonius, Haines, Jensen, Niss, &
Burkhardt, 2007) and empirical studies (e.g., Doerr, 2006, 2007; Lingefjard & Meier,
2010) on the pedagogical knowledge of mathematical modeling. Kuntze et al. (2013)
underlined the need for professional development of both prospective and in-service
teachers in the pedagogy of modeling more intensely. Therefore, there are calls for
further studies on this issue in order to reveal distinct types of teacher implementations
of modeling activities according to various conditions in terms of modeling pedagogy
(Blum et al., 2002; Doerr, 2006, 2007; Stillman, 2010). However, it is clear from the
related literature that there have been few mathematics education programs that
include mathematical modeling course (Lingefjard, 2007). There are some studies on
designing and developing a modeling course for professional development for pre-
service teachers or in-service teachers (Barbosa, 2001; Blomhgj & Kjeldsen, 2006;
Borromeo Ferri & Blum, 2009; Lingefjard, 2006; Kaiser & Schwarz, 2006; Maal} &
Gurlitt, 2011). The aims of these courses changed according to target population,
teachers’ needs, and experiences of researcher. The main goal of these courses was to
develop modeling competencies of prospective teachers rather than to teach them how
to implement mathematical modeling tasks or how to facilitate the modeling process.

This study investigates how prospective mathematics teachers’ thinking about
mathematical modeling and pedagogy in the use of mathematical modeling evolve
throughout the implementation of the designed modeling course. Many researchers
point out the importance of studies on pedagogical knowledge of mathematical
modeling that provide prospective teachers fundamental knowledge about
mathematical modeling as well as pedagogical knowledge of modeling (Blum et al.,
2002; Doerr, 2007; Kuntze et al., 2013) before they work as in-service teachers. The
results of the study may serve as a step for further studies on what knowledge teachers
need to possess in order for conducting mathematical modeling process and how to act
during the modeling process. The findings of this study might serve as a base for

developing prospective teachers’ pedagogical knowledge on mathematical modeling.
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1.7 Definition of Important Terms

Conception

In this study, the term of conception is used and defined as “a general notion or mental
structure encompassing beliefs, meanings, concepts, propositions, rules, mental

images, and preferences” (Philipp, 2007, p.259).
Models

Models defined as follows: “Models are conceptual systems (consisting of elements,
relations, operations and rules governing interactions) that are expressed using external
notation systems, and that are used to construct, describe, or explain the behaviors of
other systems-perhaps so that the other systems can be manipulated or predicted
intelligently.” (Lesh & Doerr, 20034, p.10)

Mathematical Models

Mathematical models are purposeful descriptions or explanations focusing on patterns,
regularities, and other systemic characteristics of structurally significant systems (Lesh
& Doerr, 2003a).

Modeling

In this study, Lesh and Lehrer’s (2003) definition of modeling is used. It is defined as
“a process of developing representational descriptions for specific purposes in specific
situations. It usually involves a series of iterative testing and revision cycles in which
competing interpretations are gradually sorted out or integrated or both—and in which
promising trial descriptions and explanations are gradually revised, refined, or
rejected” (p. 109).
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Model-Eliciting Activities

The activities used in this study defined as “the descriptions, explanations, and
constructions that students generate while working on them directly reveal how they
are interpreting the mathematical situations that they encounter by disclosing how
these situations are being mathematized (e.g., quantified, organized, coordinatized,
dimensionalized) or interpreted” (Lesh, Hoover, Hole, Kelly, & Post, 2000, pp. 592-
593).

Teachers’ conceptions about mathematical modeling

In this study, “teachers’ conceptions about mathematical modeling” refers to teachers’
general notions or mental structure about mathematical modeling in terms of its
meaning, importance, and place in their mind. Teachers’ thinking about anything is

important because it influences teachers’ responses (Ball, 1990a).

Teachers’ conceptions about pedagogy of modeling

For this expression, an operational definition is used in this study. Teachers’
conceptions about pedagogy of modeling means teachers’ general notions about what
qualifications and knowledge should be acquired and how these knowledge should be
used in the modeling process in order to conduct modeling activities effectively.

Pedagogical knowledge of modeling

In this study, “pedagogical knowledge of modeling” refers to the pedagogical
knowledge that teachers need to have in order to carry out mathematical modeling
process effectively, and that it involves various characteristics, which are: “(1) to be
able to listen for anticipated ambiguities, (2) to offer useful representations of student
ideas, (3) to hear unexpected approaches, and (4) to support students in making
connections to other representations” (Doerr, 2007, p. 77); to follow students’ solution
processes and give instant feedback if it is needed, and to manage classroom during
the modeling process, to know how and when to intervene solution process (Antonius
et al., 2007) etc.
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CHAPTER 2

LITERATURE REVIEW

In this section, | will briefly mention previous research about the relationship
between mathematical modeling and mathematics teachers under three subtitles.
Firstly, studies on teachers’ experiences of implementation of modeling tasks will be
documented cohesively. Secondly, studies on pre-service and in-service modeling
courses, which were designed and developed throughout several implementations in
teacher education programs or professional development programs, will be examined.
Thirdly, studies on professional development of mathematics teachers according to
modeling perspective will be discussed. Teachers’ views, beliefs, and conceptions
about mathematics, about its teaching, and about mathematical modeling will be
discussed in the light of several studies. Lastly, the conceptual framework of the

current study will be provided at the end of this chapter.

2.1 Mathematical Modeling and Its Importance for Teaching and Learning of

Mathematics

In the last few decades, mathematical modeling and its educational
implications have gained more interest in the mathematics education society. Although
mathematical modeling evoke the feeling that it is associated with mathematics only,
it has many application fields as a part of distinct strands such as natural sciences
including physics, chemistry, biology; engineering, architecture, economics, pure
mathematics and sure for educational purposes (Haines & Crouch, 2007). In general
sense, expressions of model and modeling has been used in daily life commonly. For
example, people mentioned about models when they talk about a certain type of cars
or computers. Students take their favorite teacher as a model and try to behave like
their teachers for modeling him. It is possible to give more examples from the real life

for modeling. In mathematical sense, mathematical modeling denoted as the process
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of transferring real life situations into mathematical language and expressing them
mathematically.

In recent decades, it has been given more emphasis on the mathematical
modeling in the teaching and learning of mathematics through K to higher education
and suggested to be an integral part of mathematics courses due to the assumption that
mathematical modeling helps students to learn mathematics more meaningfully and
associated with real life. There have been studies on the mathematical modeling
applications in recent years (Doerr & English, 2006; Greer, 1997; Lingefjard, 2002b;
Schukajlow, Leiss, Pekrun, Blum, Miiller, & Messner, 2012) and studies on the
integration of the mathematical modeling into the changing curriculum all over the
world (Department for Education [DFE], 1997; Ministere de I’Education Nationale,
1997; NCTM, 1989, 2000; NGACBP & CCSSO, 2010; Ministry of National
Education [MEB], 2011a, 2013). Although it was given more emphasis on the
mathematical modeling such that school mathematics curriculum included
mathematical modeling and modeling activities, researchers pointed out that there is
no common agreement among researchers for the answers of the following questions
such as what mathematical modeling means, what mathematical modeling aims, how
mathematical modeling should be presented? How mathematical modeling should be
integrated into school mathematics curriculum? How mathematics teachers should be
educated to implement mathematical modeling?” etc. in the school environment (Erbas
et al., in press; Kaiser, Blomhgj, & Sriraman, 2006; Niss, Blum & Galbraith, 2007).
Because of the importance attributed to mathematical modeling, it can be quite
beneficial to begin with reviewing the related literature about the definitions,

meanings, and approaches of mathematical modeling.

2.1.1 What Does the “Mathematical Model(s)” and “Mathematical Modeling”

Mean?

It is clear from the related literature on mathematical modeling that notions of
“mathematical model(s)” and “mathematical modeling” have been widely used in
various meanings in accordance with distinct modeling approaches (Blum & Niss,
1991; Garcia, Pérez, Higueras, & Casabo, 2006; Haines & Crouch, 2007; Lesh &
Doerr, 2003a, 2003b; Pollak, 2003; Lingefjard, 2006; Verschaffel, Greer, & De Corte,
2002). For mathematical models, Lesh and Doerr (2003a) proposed a complicated

definition as
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Models are conceptual systems (consisting of elements, relations, operations, and rules governing
interactions) 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 (p. 10).

The researchers put emphasis on the mathematical models such that these are dealt
with structural properties of related conceptual system. 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).
Verschaffel and others (2002) illustrated the mathematical model as a description of
properties of elements and associations contained in the real life situation. Similarly,
Pollak (2003) gave the definition of a mathematical model as a description and
representation of real life situation related with any mathematical structure included
mathematical concepts and tools.

When it is looked through the literature on mathematical modeling, it is seen that
there exist no common agreement on the definition of mathematical modeling due to
aforementioned issues related to mathematical modeling. Nevertheless, there have
been many attempts for defining model and modeling according to distinct
perspectives of mathematical modeling. The notion of mathematical modeling as a
term has been used in a variety of meanings (Galbraith & Stillman, 2006). According
to Gravemeijer (2002), mathematical tools that are found in the mind and are used for
explanation of real life situations constituted mathematical models. Lingefjard (2006)
stated the definition of mathematical modeling as “a mathematical process that
involves observing a phenomenon, conjecturing relationships, applying mathematical
analyzes (equations, symbolic structures, etc.), obtaining mathematical results, and
reinterpreting the model (Swetz & Hartzler, 1991)” (p. 16) by emphasizing the steps
involved in it. Verschaffel, Greer and De Corte (2002) briefly summarized the
mathematical modeling as using mathematics in order to find solutions to the problems
emerged in the real life situations and gave a definition for mathematical modeling by

putting emphasis on its phases as follows:

a complex process involving a number of phases: understanding the situation described;
constructing a mathematical model that describes the essence of those elements and relations
embedded in the situation that are relevant; working through the mathematical model to identify
what follows from it; interpreting the outcome of the computational work to arrive at a solution to
the practical situation that gave rise to the mathematical model; evaluating that interpreted
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outcome in relation to the original situation; and communicating the interpreted results (pp. 257-
258).

The researchers defined the mathematical modeling as a complicated process that
includes a variety of phases and these phases have distinct but related goals in each of
them in order to constitute the process as a whole. Pollak (2003) also denoted the
mathematical modeling as “the process of creating, applying, refining, and validating
[developed model]” (p. 653, cited in Gould, 2013). In his study, Pollak mentioned
about steps to be followed in mathematical modeling process as other researchers did.
In another research, Haines and Crouch (2007) stressed the cyclic nature of and phases

included in the process of modeling by stating definition of mathematical modeling as

a cyclic process in which real world problems are abstracted, mathematised, solved and evaluated
in order passing through six stages: real world problem statement; formulating a model; solving
mathematics; interpreting solutions; evaluating a solution; refining the model, before
reconsidering the real world problem statement again and repeating the cycle (p. 418).

According to Haines and Crouch (2007), the operations of abstraction,
mathematization, solution, and evaluation are applied to the daily life problems in the
process of modeling and these operations carried out in the six phases. The authors of
the study also added seventh phase to the mentioned phases as reporting what was
done throughout solution process. NCTM (1989) indicated the steps of the
mathematical modeling process including understanding real life problem situation,
formulating the problem, forming mathematical model for the solution, finding the
solution by using formed model, explicating the obtained solution according to given
real problem articulation, and conforming the solution with regard to original context
of the problem. According to NCTM (1989), Mathematical modeling process is
illustrated in the Figure 1.

REAL ABSTRACT

Solution within the

Real-World Model

Problem Situation

Simplification wvalidation Transformations

Mathematical Model-
» e.g., Equation(s),
Graphs)

Mathematization

Problem
Formulation

Figure 1 The process of mathematical modeling (NCTM, 1989, p. 138)
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As indicated in the study of Haines and Crouch (2007), many researchers point to the
cyclic nature of mathematical modeling processes (Burkhardt, 1994; Greer, 1997,
Lesh & Doerr, 2003a; Lesh & Lamon, 1992 cited in Verschaffel et al., 2002; NCTM,
1989). Furthermore, mathematical modeling is also defined as “the process of
choosing and using appropriate mathematics and statistics to analyze empirical
situations, to understand them better, and to improve decisions” (NGACBP & CCSSO,
2010, p. 72). According to Common Core State Standards for Mathematics (CCSSM),
mathematical models can be very simple, for example, “writing total cost as a product

of unit price and number bought” (p. 72).

Formulate

Figure 2 Mathematical modeling cycle (NGACBP & CCSSO, 2010, p. 72).

The author of CCSSM mentioned about the cycles in the modeling process (see Figure
2) and outlined steps of the process. According to CCSSM, these steps include as

follows:

(1) identifying variables in the situation and selecting those that represent

essential features,

(2) formulating a model by creating and selecting geometric, graphical, tabular,
algebraic, or statistical representations that describe relations between the

variables,

(3) analyzing and performing operations on these relationships to draw

conclusions,
(4) interpreting the results of the mathematics in terms of the original situation,

(5) validating the conclusions by comparing them with the situation, and then

either improving the model or if it is acceptable,
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(6) reporting on the conclusions and the reasoning behind them (NGACBP &
CCSSO0, 2010, pp. 72-73).

The process of mathematical modeling includes cycles in which descriptions,
explanations, and interpretations are revised, refined, or refused (Lesh & Lehrer,
2003). Apart from other researchers (e.g. Haines & Crouch, 2007; Verschaffel et al.,
2002) and educational organizations (e.g. NCTM, 1989; NGACBP & CCSSO, 2010),
Lesh and Doerr (2003a) offered modeling cycle include four steps which are

description, manipulation, translation, and verification (see Figure 3).

Description

a7 =

Real World Model

Verification

—

% Manipulation p

alymeis

Prediction

Figure 3 Mathematical modeling cycle (Lesh & Doerr, 2003a, p. 17)

According to proposed modeling cycle, description stage includes forming a relation
between real world and model world. In the manipulation stage, using and
manipulating offered model to give rise to put forward more predictions and actions
about solution of real world problem situation. Translation stage means transferring
the suitable outcomes from model world to real world. Eventually, verification stage
contains the procedure of confirming the obtained outcomes and predictions in terms
of usefulness (Lesh & Doerr, 2003a).

It is seen from the proposed descriptions for mathematical modeling by
different researchers pointing to the similar expressions such as it has a cyclic structure
rather than a linear sequence and that includes distinct stages and these stages cover
different actions (Haines & Crouch, 2007; Lesh & Doerr, 2003a; NCTM, 1989;
NGACBP & CCSSO, 2010). Although researchers have similarities in their
descriptions for mathematical modeling, some distinctions emerged in their

perspectives to models. Gravemeijer (2002) stated that mathematical models are the
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mathematical tools that are in the mind and used to express and explain encountered
real life situations in terms of mathematics. On the contrary, mathematical models are
the conceptual systems that describe and explain actions of other systems (Lesh &
Doerr, 2003a).

Another issue appeared in the literature that mathematical modeling has been
mixed with using concrete materials. Researchers indicated that mathematical
modeling has been comprehended commonly in elementary stages as the use of

concrete materials (Lesh, Cramer, Doerr, Post, & Zawojewski, 2003).

2.1.1.1 Differences between mathematical modeling and problem solving

When it is looked through the mathematics education studies, there have been
various studies on the problem solving. Researchers expressed that problem solving
activities need to be separated from the problem solving activities and exercises related
to traditional word problems (English, 2003; Schoenfeld, 1992). With the advent of
emergence of mathematical modeling, there has been existed a debate on the
distinctions between mathematical modeling and problem solving in the mathematics
education society (Lesh & Doerr, 2003a) and how models and modeling perspectives
describe problem solving (Zawojevski & Lesh, 2003). Lingefjard (2002b) indicated
that problem solving existed in the process of modeling as sub-processes so that it is
not meaningful that making comparisons between problem solving and mathematical
modeling. However, there has been existed many studies about the distinctions
between problem solving and mathematical modeling (Lesh & Yoon, 2007;
Zawojevski, 2010; Zawojevski & Lesh, 2003). In order to compare mathematical
modeling and problem solving, it is need to look through their definitions and

descriptions. Blum and Niss (1991) explained what they meant by a problem as

a situation which carries with it certain open questions that challenge somebody intellectually who
is not immediate possession of direct methods/ procedures/ algorithms etc. sufficient to answer the
questions (p. 37).

Although the problem defined in the previous quote include the conditions such as
being challenging and having no existing knowledge about how to solve, traditional
word problems are away from that definition. Problem solving is described as “a
process of getting from givens to goals when the path is not obvious” (Lesh & Yoon,
2007, p. 166). Polya (2004) defines the process of problem solving as consisting of
four steps:
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e Understanding the problem by identifying unknowns, given data, and condition

for the problem,

e Devising a plan for solution by recognizing similar problem statements and

finding a connection between givens and asked unknowns,

e Conducting the plan by checking the each step in the solution procedure and

ensuring the correctness of the operations,

e Looking back to revise solution the process and examine the results in terms

of correct application of the plan.

When it was looked at the process of problem solving suggested by Polya, procedural
and linear structure of the process was prominent. The characteristics of problem
solving process expressed by Lesh and Yoon (2007) in their paper.

In their study, Lesh and Yoon (2007) stated the basic properties of problem
solving process. First one is that the process begin with identification of unknowns,
given data, and conditions and it is clear that what was asked in the problem statement
in the problem solving. Secondly, the intended conclusion is obtaining an obvious
mathematical result within the mathematical domain. Thirdly, the process of problem
solving is based on finding the answer by following the givens to intended goals within
the mathematical world. On the contrary, mathematical modeling seeks ‘“the
development of meaning and usefulness for powerful mathematical concepts or
conceptual systems” (Lesh & Yoon, 2007, p. 166). Mathematical modeling includes
real life situations and the statements of the mathematical modeling activities are
problematic in order to make students find distinct useful ways for solution. The
solution does not need to be simple and provide a mathematical answer. Rather, the
solution is a mathematical tool that describes and explains similar situations. Lesh and
Yoon (2007) also indicated that mathematical modeling process contains test, revise,
and refine procedures in order to reach more explaining model as a result.

Zawojewski (2010) claimed that one of the main differences between problem
solving and mathematical modeling is “in the emphasis on and the importance of the
nature of the task posed, and therefore task design becomes an important feature of
research” (p. 239). According to the researcher, the person who solve problems try to
find a correct way to follow from given data to the goals of the problem (Zawojewski,

2010; Zawojewski & Lesh, 2003). Conversely, in mathematical modeling, the person
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engaged in the modeling activity need to construe the given data and asked results for
modeling the real life situation mathematically. In problem solving, correct solutions
are the target and removing the wrong steps from the solution procedure. Nevertheless,
mathematical modeling requires constructing mathematical models that fits the best
given real life situations and can be generated to similar situations. Wrong parts are
the parts of modeling process in the period of test, revise, and refine procedures
(Zawojewski, 2010). With the help of ideas emerged in the literature on problem
solving and mathematical modeling, Erbas and his collegues (in press) suggested the
following table (see Table 1) for the comparison of problem solving and mathematical

modeling in their papers.

Table 1 A comparison of problem solving approaches and mathematical modeling
(Erbas et al., in press)

Traditional Problem Solving Approaches

Mathematical Modeling

The process of reaching to specific goal by using
givens

Real or realistic life situations with idealized
problem context

It is expected from students to use taught

structures such as formulas, algorithms, strategies,
mathematical ideas etc.

Individual working stands in the forefront

Abstracted from real life

It is expected from students to give meaning to
mathematical symbols and constructs

Teaching of specific problem solving strategies
(e.g. developing distinct approach, transferring it
on a shape etc.) and using it in the solution of
similar problems

There is unique correct solution

Multiple cycles, different interpretations

Authentic real life context

Students experience development of
significant mathematical ideas and structures,
revision, and refinement steps in the modeling
process

Group work is stressed. (e.g., social
communication, sharing mathematical ideas
etc.)

Associated with real life and possessing
interdisciplinary nature

Students try to describe real life situations
mathematically

It involves more than one inconspicuous
solution strategies developed by students
consciously that are specific to certain
situation

There are more than one solution strategies
and solutions (model)

According to given table above (see Table 1), mathematical modeling involves more

complex procedures and cycles consisting of distinct ideas and solution ways in the
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process of testing, revising, and refining the obtained product (model) which is
reusable and shareable for the similar kind of situations (Lesh & Doerr, 2003a, 2003b;
Lesh & Yoon, 2007). On the other hand, traditional problem solving perspectives
include the notion that reaching to goals from givens by using previously taught
formula, algorithms, procedures, and techniques which are supposed that students
make sense of mathematical symbols and structures and underlines individual working
in its essence (Erbas et al., in press). Lesh and Doerr (2003a) identified the traditional
problem solving as a subset of model-eliciting activities (Lesh, Hoover, Hole, Kelly,
& Post, 2000) in the process of mathematical modeling. That is, model-eliciting
activities included the traditional problem solving as a particular situation in them and
much more extended than problem solving. Reusser (1995) encouraged previous
statements by describing the relationship between word problems and mathematical
modeling such that word problems constitute “an important part of mathematics
education, inasmuch as they represent the interplay between mathematics and reality,
and they give a basic experience in mathematical modelling” (p. 1). Lesh and Doerr
(2003a) identified the main characteristics of traditional word problems such that
traditional word problems highlight the students’ skills related to computation and it
1s expected from students “to make meaning of symbolically described situations” (p.
3). On the other hand, students are expected to explain and describe the meaningful
real life situations mathematically by dealing with model-eliciting activities that
resemble daily life situation. Another distinction between mathematical modeling
activities and traditional word problem is there exists more wealthy learning processes
for students in which they gain experience in mathematical modeling activities than
traditional word problems include. Yu and Chang (2011) identified all model-eliciting
activities as open-ended problems including more data.

It is indicated in several studies that mathematical modeling has perceived as
using concrete manipulative in order to teach mathematical subject matters, especially
in the elementary school levels (Abramovich, 2010; Erbas et al., in press; Lesh et al.,
2003). The use of concrete materials in mathematics instruction based on the
theoretical considerations of Zoltan Dienes (1960) (cited in Thompson, 1994). Dienes
(1960) built his theory on concrete-to-abstract aspects of conceptual development of
children by designing activities that include concrete manipulatives (e.g. arithmetic
blocks) and developed principles for instruction (cited in Lesh et al., 2003). According

to Dienes’ instructional design principles, concrete manipulatives that are beneficial
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for students to create constructs for employing a basis for their mathematical
reasoning. Dienes (1960) called the use these purposeful concrete manipulatives in
instruction as “embodiment” and the use of embodiments is regarded as significant in
the mathematical instruction for the conceptual development of children when they are
used according to instructional principles (Lesh et al., 2003).

There existed studies that explain the transition from the use of concrete
materials (i.e. manipulatives) to modeling. Gravemeijer (2002) pointed out the change
in approaches to mathematics education from the use of concrete materials to

mathematical modeling by the use modeling activities as

what is called symbolizing and modeling nowadays differs significantly from the use of
manipulative materials and visual models — often generically referred to as ‘manipulatives’-that
has been common practice for a long time in mathematics education (p. 7).

According to instructional design that include the use of manipulatives and
visual representations (proposed by mathematics educators and scholars who use the
information-processing theory and Gal’perin’s theory), the main goal is to “make the
abstract mathematics to be taught more concrete and accessible for the students”
(Gravemeijer, 2002, p.8). The intended goal seems to be admitted at first, but serious
critics have been risen by theorists of constructivism. Constructivists critique is that
“... external representations do not come with intrinsic meaning, but that the meaning
of external representations is dependent on the knowledge and understanding of the
interpreter” which leads to doubt about the use of manipulatives in the mathematics
teaching (Gravemeijer, 2002, p.8). Lesh and others (2003) reported that many studies
demonstrated that teachers might have difficulties in using embodiments so that they
tend to use activities with concrete manipulatives rarely. Erbas and others (in press)
indicated that labeling the use of concrete materials in the teaching of mathematics
caused to perception of mathematical modeling as designing and using concrete
manipulatives. In fact, mathematical modeling involves more meaning than designing
and using concrete materials. Mathematical modeling is “a non-linear process that
involves elements of both a treated-as-real world and a mathematics world” (Zbiek &
Conner, 2006, p. 91). As there existed confusion between mathematical modeling and
the use of concrete manipulative among teachers and students at elementary school
level (Erbas et al., in press; Lesh et al., 2003), similar confusion arises between
mathematical models and representations. Mathematical models have been regarded

as representations that include “written symbols, spoken languages, pictures or
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diagrams, concrete manipulatives or experience-based metaphors” (Lesh & Doerr,
2000, p. 363). According to Lesh and Doerr (2000), the distinction between
mathematical models and representations explained such that mathematical models are
the essence of general characteristics of modeled conceptual systems. On the other
hand, representations comprise the objects in conceptual system rather than being as a
system.

When it is looked through the modeling literature, it can be seen that there have
been many conceptions about the terminology of the mathematical modeling activities.
Some researchers preferred to use the expression “model-eliciting activities” offered
by Lesh and others (2000) as those activities elicit models in the process of
mathematical modeling as a result of expressing, testing, revising, and refining steps
(Doerr & English, 2006; Lesh & Doerr, 2003a; Lesh & Yoon, 2007; Zawojewski &
Lesh, 2003). English (2003) used the “student modelling activities” for the modeling

(13

activities and described modeling activities as “..., [these activities] are designed
explicitly to reveal children’s various ways of thinking, the ways in which they
document their thinking, and the nature of their conceptual development during
problem solution” (p. 230).

Model-eliciting activities (Lesh et al., 2000) have been elucidated in-depth as

... thought revealing activities that focus on the development of constructs (models or conceptual
systems that are embedded in a variety of representational systems) that provide the conceptual
foundations for deeper and higher order understandings of many of the most powerful ideas in
precollege mathematics and science curricula. Therefore, the activities that are emphasized herein
are not only thought revealing, but also model-eliciting. That is, the descriptions, explanations,
and constructions that students generate while working on them directly reveal how they are
interpreting the mathematical situations that they encounter by disclosing how these situations are
being mathematized (e.g., quantified, organized, coordinatized, dimensionalized) or interpreted
(pp. 592-593).

Lesh and his collegues (2000) proposed six principles for designing model-eliciting
activities: the model construction principle, the reality principle, the self-assessment
principle, the construct documentation principle, the construct shareability and
reusability principle, and the effective prototype principle. In order to design and
develop qualified model-eliciting activities, aforementioned principles should be
fulfilled. By the model construction principle, modeling activity intended to be
designed need to permit to create a model that explains, describes the related real life
situation. The reality principle, also called as meaningfulness principle, accounts for
the problem situation that really exists in the real life so that students comprehend the

situation meaningfully. According to the self-assessment principle, the problem
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context needs to include relevant standards in order to evaluate the obtained and
possible solutions in terms of its usefulness. Students need to reflect their thinking
explicitly on the problem statement and solution process by documenting their
developed models in order to fulfill the construct documentation principle. The
developed constructs (models) need to be shareable and reusable for the similar real
life situations to satisfy the construct shareability and reusability principle. The
obtained solution need to provide sufficient prototype in order to interpret similar
situations and others can use that solution in the same purposes which explains the
effective prototype principle. These principles need to be followed in order for
designing and developing more productive thought revealing activities (Lesh et al.,
2000). Stillman (2010) explored the modeling task conditions for carrying out
mathematical modeling successfully in her study. The task conditions include helping
students go beyond the target achievement; encouraging students’ interests and
curiosity; permitting students to select appropriate technological tools freely; letting
students to benefit from multiple representations in the modeling process; providing
students to reply questions that requires interpretation; and helping students to improve
keeping records in the process of application and modeling. These conditions explain
the pedagogical sides of six principles for designing model-eliciting activities (Lesh et
al., 2000) in the action.

2.1.1.2 The use of technology in mathematical modeling

In many studies, the use of technological tools in the teaching of mathematics
emphasized in terms of its help in problem solving and providing a learning
environment to explore the mathematical conceptions in detail, and knowledge about
using technology identified a professional standard for mathematics teachers (NCTM,
1991). Technology also specified as a principle for school mathematics and underlined
its significance in mathematics education as “Technology is essential in teaching and
learning mathematics; it influences the mathematics that is taught and enhances
students' learning” (NCTM, 2000, p. 24). Teachers can pose “more activities and
projects that include exploration, investigation, and modelling” (Da Ponte, Oliveira, &
Varandas, 2002). The knowledge about use of technology is seen as a characteristic of
mathematics teachers’ that they need to have if they teach the mathematical modeling
(Lingefjard & Holmquist, 2001). The technological tools in mathematical modeling

used to produce and confirm as models of real life phenomena (Zbiek, 1998).
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However, the use of technological tools such as computer simulations and applets is
more beneficial in estimation and experimentation rather than conforming
mathematical models (Doerr, 1994/1995; cited in Zbiek, 1998).

The use of technological tools in mathematics education and mathematical
modeling, as part of mathematics education, has always been on the agenda of
international conferences such as Psychology of Mathematics Education (PME),
International Commission on Mathematical Instruction (ICMI), and especially in the
International Community of Teachers of Mathematical Modelling and Applications
(ICTMA). In the proceedings of the ICTMA conferences, one of the main sections has
been dedicated to technology in mathematical modeling that demonstrated the fact that
technology and technological tools accepted as an important part of mathematical
modeling process (Blum & Leif3, 2007; Greefrath, 2011). According to Greefrath
(2011), the significance of the use of technological tools in modeling process as “Using
digital tools broadens the possibilities to solve certain mathematical models, which
would not be used and solved if digital tools were not available” (p. 301).

There are many studies on the use of technological tools in mathematics
education and mathematical modeling. In the study of Zbiek (1998), pre-service
secondary mathematics teachers’ ways of developing and confirming mathematical
models with the use of technological tools in mathematical modeling investigated
within an elective mathematics course in which 13 pre-service secondary mathematics
teachers enrolled. The researcher collected data including interviews and observations
carried out in classroom and laboratory throughout the semester. The results of the
study demonstrated that most of the pre-service teachers who attended the course tried
to use technological tools in the development and testing of mathematical models.
Preferences of pre-service teachers’ about strategy was affected by the features of
modeling activities and interactions within the classroom.

Another study conducted by Lingefjard and Holmquist (2001). The researchers
carried out a modeling course for undergraduate students who studied mathematics
and science education that aimed to show how the use of technology in modeling
influences teaching and learning of mathematics in the classroom setting and provide
students to conceptualize mathematical subject matters with use of technological tools.
The researchers assigned two modeling tasks that required the use of technological
tools to solve and analyzed students’ responses to these tasks. The findings indicated

that students used technological tools and this permitted them to develop accurate
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models for the tasks. The researchers reported that most of the students did not check
the correctness of their generated models via technological tools with mathematical
structures.

In recent decade, many papers presented in ICTMA conferences which discuss
the use of technology and technological tools in mathematical modeling process and
the relationship between technology and modeling in various perspectives (e.g.
Campbell, 2010; Confrey & Maloney, 2007; Fuller, 2001; Galbraith, Renshaw, Goos,
& Geiger, 2003; Geiger, Galbraith, Renshaw, & Goos, 2003; Henn, 2001; Keune &
Henning, 2003; Kissane, 2010; Pead, Ralph, & Muller, 2007; Sinclair & Jackiw,
2010). The studies on the mathematical modeling and technology demonstrated that
technology has been an integral part of mathematical modeling process as a vehicle or

way of mathematical modeling.

2.1.2 The Importance of Mathematical Modeling for Teaching and Learning of

Mathematics

The role of mathematical modeling on the teaching and learning of
mathematics has been gaining more importance in mathematics education society.
With the advent of technological developments, nations want to become frontier in the
following years. Due to this, growing individuals who solve problems concerning with
real life situations successfully becomes crucial for nations in order to hold a leader
position and perpetuate this position for the following years, even decades all over the
world. This depends on how well nations educate their students in significant domains
such as mathematics, science, technology etc. From this point of view, researchers
asserted that the goal of mathematics education has to be making students gain
problem solving skills in real life situations and mathematical modeling can be used
in order to reach this goal (Erbas et al., in press; Gravemeijer & Stephan, 2002; Lesh
& Doerr, 2003a). Many researchers put emphasis on the key role of mathematical
modeling in the teaching of mathematics and mentioned its importance (Blum et al.,
2002; Blum & Niss, 1991; Doerr & Lesh, 2011; Kaiser & Maaf, 2007; Lesh & Doerr,
2003a; Lesh & Zawojewski, 2007; Lingefjard, 2000, 2002a) and its importance in the
school curricula (Blum & Niss, 1989; Niss, 1989). Several researchers asserted that
mathematical modeling need to be taught and learned as a subject matter that rather
than a teaching method (Burkhardt, 2006; Holmquist & Lingefjard, 2003; Lingefjard,
2006).
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Various international and national communities and organizations declared
reports and standards for school mathematics underlining mathematical modeling.
NCTM (1989) pointed out the mathematical modeling as an ability for students need
to have such that students should be able to “apply the process of mathematical
modeling to real-world problem situations” (p. 137) in the Curriculum and Evaluation
Standards for School Mathematics. NCTM (2000) emphasized the significance of the
mathematical modeling in the teaching and learning of mathematics in which
beginning from the preschool to high school education according to students’ cognitive
levels in the Principles and Standards for School Mathematics. Moreover, as an
international organization, OECD have been carrying out an international assessment
program for students (PISA) which aims to measure knowledge of students about the
specific domains such as reading, mathematical and scientific literacy at a specific age
in order to monitor students’ readiness for the challenges of today’s societies (OECD,
2003) since 1997. Mathematical literacy is one of the domains assessed in PISA which
mathematical modeling cycle is used in mathematics framework to describe the levels
students go through in solving contextualized problem situations (OECD, 2009). In
the report, modeling is also underlined as a mathematical competency for
mathematical literacy described its significance as “It is critical to mathematical
literacy since it underpins the capacity to move comfortably between the real world in
which problems are met and solutions are evaluated, and the mathematical world
where problems are and solved” (OECD, 2009. p. 32). As in the national level, CCSS
for mathematic has been declared in United States by CCSSI as unifying curriculum
standards which reflects expectations from students, teachers, even parents providing
students successful in college and their careers. CCSS for mathematics put emphasis
on mathematical modeling in both the standards for mathematical practice as a process
and standards for mathematical content as a high school strand. In the Standards for
Mathematics Content, mathematical modeling described as follows:

Modeling links classroom mathematics and statistics to everyday life, work, and decision-making.
Modeling is the process of choosing and using appropriate mathematics and statistics to analyze
empirical situations, to understand them better, and to improve decisions. (CCSSI, 2010, p. 72).

In a real world setting, daily life situations are complicated, sophisticated, and
dynamic. The problems emerged in these conditions such as designing a workplace,
arranging flights, or arranging timetables for traffic lights in a city also tend to be more

complicated, difficult, and sophisticated rather than traditional word problem arise in
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the mathematics textbooks. Resolving problems emerged in real life situations and
interpreting these complex systems include significant mathematical processes that has
been not given enough emphasis by policy makers and curriculum designers in many
countries (English & Watters, 2005). As mathematical modeling involves “processes
such as constructing, explaining, justifying, predicting, conjecturing, and representing,
as well as quantifying, coordinating, and organising data are becoming all the more
important for all citizens” (English & Watters, 2005, p. 58). Thanks to mathematical
modeling activities, students develops their argumentation skills due to the reason that
modeling activities accepted as social experiences included in the modeling process
(Zawojewski, Lesh, & English, 2003) and these activities promote students’
communication skills, provide students to work as a team, and make reflections about
themselves and their developed model (English & Watters, 2005). Researchers
indicated that students at any level demonstrated that they could handle with
mathematics and achieve more things when they engaged in mathematical modeling
activities (Doerr & English, 2003; Lesh & Doerr, 2003a). The group work in
mathematical modeling activities highlighted by English and Watters (2005) and

explained its importance and functioning as follows:

The modelling activities are specifically designed for small-group work, where children are
required to develop sharable products that involve descriptions, explanations, justifications, and
mathematical representations. Numerous questions, conjectures, conflicts, resolutions, and
revisions normally arise as children develop, assess, and prepare to communicate their products.
Because the products are to be shared with and used by others, they must hold up under the scrutiny
of the team members (p. 61).

Antonius and others (2007) also indicated the role of group work in the process
of modeling as “Group work contributes significantly to the engagement of students,
increasing motivation, and leading to better understanding of both the real world
context and the mathematical concepts and techniques required for success” (p. 298).
Ikeda and Stephens (2001) found that there existed advances in the performance of
group members when discussion arose among them.

In many studies, it is pointed out that students make connections between
mathematics and real life which leads them to learn mathematics meaningfully and
students think mathematically when they tried to elicit products (models) in the
mathematical modeling process which leads to conceptual and cognitive development
of students and also teachers (Doerr & Lesh, 2003; Lesh & Doerr, 2003a, 2003b; Lesh
& Lehrer, 2003). Skolverket (1997) mentioned about the significance of mathematical
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models and modeling and underlined the mathematical modeling as an integral part of
mathematics needed to be taught in schools (cited in Lingefjéard, 2006).

Because of the significance of mathematical modeling in mathematics
education, the school curricula comprise mathematical modeling as compulsory part
in many countries (Borromeo Ferri & Blum, 2009; Lingefjard, 2006). For the school
curricula in USA, Zbiek and Conner (2006) stated the importance of mathematical

modeling in the instruction such that

.. extensive student engagement in classroom modeling activities is essential in mathematics
instruction only if modeling provides our students with significant opportunities to develop deeper
and stronger understanding of curricular mathematics (p. 90)

rather than identifying the mathematical modeling as one of mathematical strands. The
significance of using mathematical modeling in the classroom setting expressed as
“Making modelling, generalization, and justification an explicit focus of instruction
can help to make big ideas available to all students at all ages” (Carpenter & Romberg,
2004, p. 5). In the mathematics curriculum for secondary school (MEB, 2011a) in
Turkey, mathematical modeling denoted as one of the skills that aimed to be developed
throughout the program. Mathematical modeling described as “a dynamic method
which enables us to observe the relationships within the nature of problems from every
field in the life; to express the relationships among them with mathematical terms by
discovering them; to classify them; to generate them, and facilitates us to draw
conclusion” (MEB, 2011a, p. 10). It is emphasized the importance of mathematical
modeling as a skill that needs to be gained in the throughout the implementation of the
program. In the latest secondary school mathematics curriculum, mathematical
modeling expressed as not only as a skill, but also a competency with problem solving
(MEB, 2013). The significance of mathematical modeling that consistent with
previous program underlined and it was mentioned about gains that are supposed to

students have with mathematical modeling.

2.1.2.1 Mathematical modeling for what? Classification of modeling

perspectives

Even though many researchers have mentioned about the significance of
mathematical modeling in mathematics education (Blum & Niss, 1991; Doerr & Lesh,
2011; Kaiser & MaaP, 2007; Lesh & Doerr, 2003a; Lesh & Zawojewski, 2007;
Lingefjérd, 2000, 2002a), there have been existed a debate on the perspectives of
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mathematical modeling in mathematics education (Kaiser, 2005; Kaiser-Messmer,
1986; Kaiser & Sriraman, 2006) and it is evident from the studies on mathematical
modeling that there has been no common ground on the perspectives of modeling
(Kaiser, Blum, Borromeo Ferri, & Stillman, 2011). There existed few studies about
the modeling approaches for mathematics education (e.g., Erbas et al., in press; Kaiser,
2005; Kaiser & Sriraman, 2006). The distinct perspectives on mathematical modeling
explained and distinguished firstly by Kaiser-Messmer (1986) within two categories.
These are pragmatic perspective, which is based on “utilitarian or pragmatic goals, the
ability of learners to apply mathematics to solve practical problems” and scientific-
humanistic perspective that is inclined to “mathematics as a science and humanistic
ideals of education with focus on the ability of learners to create relations between
mathematics and reality” (Kaiser, 2005, p. 1613). In recent years, categorization of
perspectives extended with the studies of Kaiser (2005) and Kaiser and Sriraman
(2006) (see Table 2).

Table 2 Categorization of perspectives on modeling (Kaiser & Sriraman, 2006, p.
304)

Relations to
earlier
perspectives

Name of the

perspective Central aims

Background

a) didactical
modelling and

b) conceptual
modelling

differentiated in

related goals:

a) Structuring of learning
processes and its promotion

b) Concept introduction and
development

(Blum, Niss)
and further
developments
of the
scientific-
humanistic
approach

Pragmatic-utilitarian goals, Pragmatic Anglo-Saxon pragmatism
Realistic or i.e.: solving real world perspective of | and applied mathematics
] ] problems, under- standing of Pollak
applied modelling | the real world, promotion of
modelling competencies
Information American problem
Subject-related and processing solving debate as weII_as
Contextual . . approaches everyday school practice
. psychological goals, i.e. . .
modelling . leading to and psychological lab
solving word problems :
systems experiments
approaches
Intearative Didactical theories and
Educational _ . g learning theories
modelling; Pedagogical and subject- perspectives
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Table 2 (continued)

L Pedagogical goals such as Emancipatory | Socio-critical approaches
Socio-critical o ; . : I .
. critical understanding of the perspective in political sociology
modelling .
surrounding world
Scientific- Roman epistemology
Epistemological | Theory-oriented goals, i.e. humanistic
or theoretical promotion of theory perspective of
modelling development “carly”
Freudenthal

Kaiser and Sriraman (2006) added the “cognitive modeling” as a “meta-perspective”
apart from above table. In cognitive modeling, investigation of cognitive processes of
students during the mathematical modeling process and efforts to comprehend these
processes are involved based on cognitive psychology. The studies that attempt to
categorize the mathematical modeling perspectives in mathematics education are very
limited and comprise the papers presented in the ICMI and the ICTMA in terms of their
aims and the theoretical approaches used within them. The categorization of modeling
perspectives conducted according to the researchers’ point of views rather than
scientific classification principles and the researchers admitted that the categorization
of perspectives on modeling were made superficially in order to attract notice to the
use of concepts modeling concepts with their theoretical backgrounds and suppositions
(Kaiser & Sriraman, 2006). The authors recommended, “a precise clarification of
concepts is necessary in order to sharpen the discussion and to contribute for a better
mutual understanding” (p. 308).

The recent studies on mathematical modeling approaches demonstrated that
each modeling perspective has different goals on mathematics education in accordance
with how they define mathematical modeling and the way of implementation of
mathematical modeling involved in school mathematics (Erbas et al., in press). For
instance, Lesh and Doerr (2003b) asserted that mathematical modeling is a paradigm
that goes beyond the constructivism “for thinking about the nature of children's
developing mathematical knowledge and abilities and about mathematics teaching,
learning, and problem solving” (p. 516). On the other hand, several researchers
explained mathematical modeling as using mathematics in order to solve problems that
emerged in real life (Verschaffel et al., 2002); expression of real life problems in terms
of mathematical symbols or representations and the application of mathematical

structures such as formulas into real life (Haines & Crouch, 2007).
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According to several researchers (Erbas et al., in press; Galbraith, 2012), there
have been two distinct perspectives on the use of mathematical modeling in
mathematics education. These are teaching of mathematical modeling as a goal and a
mathematical tool or method for teaching and learning of mathematics. In the former
approach, mathematical modeling is seen as a topic or domain in mathematics and
ought to be taught as one of the significant goals of mathematics education in order

... to make students properly aware of the value of mathematical modelling in a wide range of
situations, and to train them how to apply IT [information technology] tools most effectively. The
benefits that will accrue are essential for the survival and future growth of commerce, industry and
science, and there are opportunities for them to be realized at every level of employment
(Lingefjard, 2006, p. 98).

In the latter modeling approach to the use of mathematical modeling in mathematics
education, mathematical modeling is seen as a way of teaching and learning
mathematics by using real life situations in which powerful mathematical constructs
created and developed in the process (Lesh & Doerr, 2003a, 2003b) and make learners
discover the mathematical concepts intuitively by involvement of them in real life
situations as an integral part of designed instruction (Gravemeijer, 2002; Gravemeijer
& Stephan, 2002).

Niss and his collegues (2007) characterized the former approach as
“application of mathematics” in which there existed a movement from mathematics to
reality, that is, using mathematical structures in order to in order to real life situations
and included “objects” are underlined (p. 10). However, in the latter approach that
denotes the mathematical modeling as “vehicle” (Galbraith, 2012) for teaching of
mathematics, it is centered on the move from reality to mathematics and the modeling
process highlighted. Models and Modeling Perspectives (MMP) (Lesh & Doerr,
2003a, 2003b; Lesh & Lehrer, 2003; Lesh & Yoon, 2007) and Emergent modeling
(Doorman and Gravemeijer, 2009; Gravemeijer, 2007) perspectives are exemplary of

modeling approaches that mathematical modeling as vehicle.

2.1.2.2 Studies on the use of mathematical modeling in the classroom settings

Even though there has been a great emphasis on the importance of
mathematical modeling in mathematics education, many studies indicated that the use
mathematical modeling in the school mathematics is scarce (Burkhardt, 2006; Henn,
2007; Maap, 2005) and there existed difficulties and obstacles in the integration of

mathematical modeling into mathematics lessons (Bisognin & Bisognin, 2012; Blum
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& Niss, 1991; Burkhardt, 2006; Ikeda, 2007; Kaiser & Maaf3, 2007). Although the use
mathematical modeling and modeling activities in mathematics lessons seems to be
less than desired, many researchers reported successful implementations of
mathematical modeling in classroom settings in primary school level (English, 2004;
English, 2006; English & Watters, 2005), middle school level (Lesh & Harel, 2003;
Schukajlow et al., 2012), and secondary school levels (Busse, 2011; Lingefjard, 2011).

In the study of Blum and Niss (1991), the main difficulties related to
implementing a mathematical modeling based on teaching were discussed in terms of
various point of views. According to teachers’ perspective, mathematical modeling
and applications of mathematics bring about the instruction more prone to open-ended
and requiring more effort to cope with it because it requires more qualifications rather
than mathematical ones and it is too hard to assess students’ successes. In addition,
Blum and Niss (1991) stated that many teachers do not feel themselves safe while
coping with situations from real world. The reasons for this stemming from either their
restricted knowledge about mathematical modeling or its applications, or not having
adequate time to develop a teaching plan for it. From instruction perspective, allocating
time seems to be troublesome. Many teachers of mathematics worried about not
possessing adequate time to handle with mathematical modeling and its applications
beside school mathematics curriculum. Additionally, some of mathematics teachers
suspect that formal and context-free nature of mathematics may disappear via using
mathematical modeling tasks and applications.

Burkhardt (2006) critically analyzed that although the importance of
mathematical modeling emphasized in mathematics education, “Why then do we not
have modelling as an integral part of mathematics curricula worldwide?” (p. 189).
According to the author, there existed some hinders in the implementation of
mathematical modeling in classroom settings. Burkhardt expressed possible obstacles
as the domination of existing education system and its resistance to change described
as “systemic inertia”, the complicatedness and messiness of the real world and
situations in it, limited professional development of teachers, and gaining slow
advances in educational system due to the nature of educational research. Another
study associated with possible obstacles for implementation of mathematical modeling
reported Kaiser and Maaf (2007). In the study, results of two distinct researchers
provided. In the first study, it was conducted with students; the results indicated that

students’ beliefs on mathematical modeling might preclude teachers to apply
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mathematical modeling activities in their classrooms. According to second study
carried out with teachers, the results demonstrated that mathematical modeling had
little effect on the beliefs of teachers about mathematics and its teaching. Ikeda (2007)
investigated the obstacles for the implementation of mathematical modeling with
respect to different countries around the world. According to the results of the study,
parallel hinders were identified. These were not seeing the mathematical modeling as
a significant component of school mathematics curricula; controversial situation
between the central emphasis on the modeling in the curricula and teachers’
preferences and applications; including modeling in mathematics curricula, but not as
an integral part; teachers’ perceptions and comprehensions of mathematics;
deficiencies in curriculum materials (e.g., textbooks, modeling activities) and
measurement and evaluation techniques; and appropriate mathematical modeling
activities or problems for high stake general exams. lkeda (2007) underlined the
importance of teacher education as a crucial and pivotal role that needs to be taken into
account for providing efficient implementation of mathematical modeling in
classrooms.

Many studies indicate the usefulness and appropriateness of the use of
mathematical modeling in classroom settings in various perspectives and levels. For
example, English (2004) carried out a research on the processes that a class of primary
school students and their teachers engaged in during the mathematical modeling
activities and their constructions of products (models). This study was a part of a
longitudinal study designed according to multilevel research in which researchers, pre-
service teachers, class teachers, and students in primary level and only reported the
processes of students’ model construction. A sequence of mathematical modeling
activities implemented in the classroom. Before the each implementation, arranged
meetings held with the teacher. The lesson format included announcement of the
modeling activity by the teacher, then small-group working started on the modeling
activity. Teacher and researchers remained as observers during the group working. At
the end of the lesson, each group presented their products and asked for feedbacks
from other group of students. The lesson ends with general classroom discussion on
the obtained mathematical models in terms of their similarities and differences. Data
comprised of video tape records of all implementation of modeling activities
classroom discussions and small-group working periods, field notes, students’ working

sheets, and final reports that each group provided. English (2004) indicated as a result
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of the study that students displayed higher cognitive skills in spite of being primary
students such as interpreting the modeling activity contexts, specifying the aim,
making decisions about the solution strategies, implementing and testing of these
strategies, making assumptions about the problem situations, developing and refining
models according to group discussions, thinking all aspects of the problem situation,
and implementing, justifying, revising and refining their developed mathematical
models according to feedbacks.

Another study on the use of mathematical modeling in the very beginning of
the primary school years was carried out by English and Watters (2005) in which they
investigated the development of mathematical knowledge of primary school students
(grade 3) their reasoning during the implementation of mathematical modeling
activities. The participants of the study were four classes of primary school students at
grade 3 and their teachers that accompanied with the program for professional
development of teachers. The data sources of the research were video tape records of
teachers’ implementation of modeling activities and focus group, field notes, students’
reports that involved written and oral explanations about their works. The findings of
the research demonstrated that primary school students developed significant
mathematical ideas in the modeling processes through they had not received any
instruction about modeling before. The results also suggested that mathematical
modeling activities helped students develop mathematical illustration, interpretation,
validation, revision of significant mathematical ideas.

In the middle school level, Lesh and Harel (2003) carried out a research on
comparison of modeling processes that students went through in the period of
implementation of model-eliciting activities with their natural developmental stages of
mathematical constructs throughout their educational lives. The research was
conducted with three groups of middle school students who enrolled the remedial
mathematics classes due to their poor grades in their previous educational
backgrounds. Three mathematical modeling activities were used in the study and each
group worked on only one of them for around 90 minutes. Their works recorded with
video cameras and data sources were transcripts obtained from these video records.
The results of the study showed that students constructed mathematical models that
include more complicated mathematical ideas about the real life situations that they
dealt with in modeling activities by using their previous knowledge and experiences.

These constructs were more complicated than their previous ones that were included
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in traditional teaching materials such as textbooks and tests. The findings revealed that
students who were weak according to traditional education system developed more
powerful constructs than those who were successful in traditional system. In addition,
researchers reported that students demonstrated similar conceptual development in
modeling cycles as part of model-eliciting activities with developmental stages that
students passed through while constructing mathematical ideas that observed by
developmental psychologists (Lesh & Kaput, 1988, cited in Lesh & Harel, 2003).

Busse (2011) carried out a research on upper secondary school students’
comprehension of modeling activities that include real life contexts. The researcher
selected four pairs of students who came from four distinct upper secondary schools.
Three modeling tasks assigned to each pairs of students to solve them and their solution
processes recorded with video cameras. After the solution, each student from pairs
watched the recorded tapes with researcher such that researcher used playback
interruptions in order to give more time to students to tell his/her considerations about
the modeling tasks. After this procedure, researcher made interviews with students in
order to obtain more information about the modeling processes and real life contexts.
The findings of the study demonstrated that students’ individual perspectives play
significant role when interpreting the real life situation of a modeling task. The
researcher suggested that teachers ought to notice that each student might have
different conception about the real life context of a modeling activity.

To sum up literature on the use of modeling activities in classroom settings,
various studies on distinct levels including primary, middle, and secondary
demonstrated that the use of mathematical modeling in educational environment
provide students to develop their cognitive skills such as interpretation of modeling
activities, specifying the goals that asked to reach, constructing models, testing,
revising, and refining of these models (English, 2004; Lesh & Doerr, 2003a, 2003b)
according to given feedback from their friends; creating more powerful mathematical
constructs that provide students local conceptual development that is similar to their
natural developmental stages that they passed through suggested by developmental
psychologists (Lesh & Harel, 2003), and having different thoughts on the same real
life context of modeling activities (Busse, 2011).
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2.2  What Knowledge Teachers Should Have to Teach Mathematics?

In today’s world, education has gained remarkable significance in natural
sciences that are related to engineering, medicine, and technology. Nations who wants
to become forward and pioneer in these areas need to grow qualified individuals. At
this point, teachers and teacher education becomes vital for the growth of qualified
students who will become qualified engineers, doctors, and technology developers in
following years for a nation. Therefore, the subject of professional development of
teachers is very significant. In the sense of mathematics, which is crucial for
aforementioned areas of natural science, mathematics teachers’ preparation and their
professional development, is important for obtaining the needed knowledge in order
to educate students according to national and international goals and increase their
mathematical knowledge (Sowder, 2007) in at least other branches of natural sciences.

There have been many studies on the development of mathematics teachers in
various dimensions such as what necessary knowledge needed for mathematics
teachers (Fennema & Franke, 1992; Kahan, Cooper, & Bethea, 2003), mathematical
content knowledge and pedagogical content knowledge of mathematics teachers
(Shulman, 1986, 1987; Grossman, 1990; Marks, 1990), pre-service mathematics
teacher education (Ball, 1990a, 1990b; Brown & Mayor, 1958; Chapman, 2007; Ensor,
2001; Manouchehri, 1997; Ponte & Chapman, 2008; Sowder, 2007), and so forth. In
this sense, some of the professional institutions published standards and qualifications
for mathematics teachers (CBMS, 2001; NCTM, 2000).

Nurturing knowledgeable teachers from teacher preparation and professional
development programs has been one of the important goals in order to advance
education in national and international level that is documented by several
organizations such as NCTM and OECD. In Principles and Standards for School
Mathematics, six principles were identified in order to carry out qualified mathematics
education. One of the principles for school mathematics is the teaching principle stated
as “Effective mathematics teaching requires understanding what students know and
need to learn and then challenging and supporting them to learn it well.” (NCTM,
2000, p. 16). To carry out effective mathematics teaching, teachers need to know
mathematics and school mathematics and develop their understandings according to
Standards expressed above. From this point of view, knowledge of prospective

mathematics teachers and their professional development is one of the critical aspects
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of effective mathematics teaching that should be taken into account. What do
mathematics teachers need to know in order to conduct effective mathematics
teaching? How do mathematics teacher develop their knowledge? These significant
questions should be discussed under previous studies about teachers’ knowledge and
their professional development.

Shulman (1986) proposed a categorization on teachers’ knowledge, which are
subject matter content knowledge, pedagogical content knowledge (PCK), and
curricular knowledge. Subject matter or content knowledge includes knowledge of
facts and concepts of a domain, understanding the structures of subject matter.
Shulman expresses the importance of the subject matter knowledge for a teacher as

The teacher need not only understand that something is so; the teacher must further understand
why it is so, on what grounds its warrant can be asserted, and under what circumstances our belief
in its justification can be weakened and even denied (p. 9).

PCK defined as “special amalgam of content and pedagogy that is uniquely the
province of teachers, their own special form of professional understanding” (Shulman,
1987, p. 8) and the pedagogical knowledge that exceeds the subject matter knowledge
such that it includes subject matter knowledge and its teaching (Shulman, 1986). PCK
contains various themes such as the most useful forms of representation of those ideas,
the most powerful analogies, illustrations, examples, explanations, and
demonstrations. “An understanding of what makes the learning of specific topics easy
or difficult” (Shulman, 1986, p. 9), the conceptions and misconceptions of students
about taught topics and lessons are also included in PCK. In the third category of
teachers’ knowledge is curricular knowledge. This knowledge type includes

knowledge about curriculum that involves

... the full range of programs designed for the teaching of particular subjects and topics at a given
level, the variety of instructional materials available in relation to those programs, and the set of
characteristics that serve as both the indications and contraindications for the use of particular
curriculum or program materials in particular circumstances (Sulman, 1986, p. 10).

Shulman (1987) extended the classification of teacher knowledge, called as
“Knowledge Base”, and explained what constituted this knowledge base. According to

Shulman, the following least categories need to be included in this base:
— content knowledge;

— general pedagogical knowledge, with special reference to those broad principles and strategies
of classroom management and organization that appear to transcend subject matter;
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— curriculum knowledge, with particular grasp of the materials and programs that serve as “tools
of the trade” for teachers;

— pedagogical content knowledge, that special amalgam of content and pedagogy that is uniquely
the province of teachers, their own special form of professional understanding;

— knowledge of learners and their characteristics;

— knowledge of educational context, ranging from the workings of the group or classroom, the
governance and financing of school districts, to the character of communities and cultures; and

— knowledge of educational ends, purposes, and values, and their philosophical and historical
grounds (p. 8)

Teachers need the knowledge of the strategies in order to overcome
misconceptions that stem from preconceptions. PCK is broadened and combined with
four components which are (1) knowledge of students’ understanding, (2) knowledge
of curriculum, (3) knowledge of instructional strategies, and (4) purposes for teaching
by Shulman (1987) and his colleagues (e.g. Grossman, 1990; Marks, 1990) (cited in
Graeber & Tirosh, 2008). The knowledge of mathematical modeling is addressed as
another component of PCK and it provides wisdom to teachers about how mathematics
embedded in real life situations (Stacey, 2008).

Fennema and Franke (1992) contributed to research on teacher knowledge by
suggesting a framework for the teacher knowledge that contains content (subject
matter) knowledge, pedagogical knowledge, beliefs, knowledge of students’
mathematical cognitions, and knowledge of the context. The context delineated as “the

structure that defines the components of the knowledge and beliefs that come into
play” (p. 162).

Beliefs

Knowledge Pedagogical
of ~—,, / Context knowledge
mathematics
knowledge

A
Knowledge of
leamners’
cognitions
in mathematics

Figure 4 Teachers’ knowledge model (Fennema & Franke, 1992, p. 162)
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According to model in Figure 4, teachers’” knowledge, that is interactive and dynamic
according to context, involves knowledge of mathematics and pedagogical knowledge
both included in Shulman (1987) as content knowledge and general pedagogical
knowledge. Apart from Shulman (1987), context specific knowledge, knowledge of
learners’ cognitions in mathematics, and beliefs are contained in the model as
components of teachers’ knowledge (Fennema & Franke, 1992). The context specific
knowledge means “teachers’ knowledge and beliefs in context or as situated” (p. 162).
The knowledge of learners’ cognitions comprises the knowledge about the way of
student thinking and learning of any mathematical concept within its specificity. Even
and Tirosh (1995) extended the knowledge of learners as “knowing that” and “knowing
why”. Knowing that forms the fundamental level of content knowledge which
“includes declarative knowledge of rules, algorithms, procedures and concepts related
to specific mathematical topics in the school curriculum” (Even & Tirosh, 1995, p. 7).
Knowing why is defined as “Knowledge which pertains to the underlying meaning and
understanding of why things are the way they are, enables better pedagogical
decisions” (Even & Tirosh, 1995, p. 9).

Lappan and Theule-Lubienski (1994) also offered a model for domains of
teachers’ knowledge with designated spheres for each domain. According to the
model, teacher knowledge displayed with three spheres of knowing which formed
intersections with each other. These three spheres are pedagogy of mathematics,

students, and mathematics. Those spheres characterizes

knowledge of the mathematics content; knowledge of students’ cognition, knowledge of students’
difficulties with concept domains, and how to motivate and facilitate learning; and finally
knowledge of how to orchestrate pedagogy of mathematics that empowers learning and students
involvement (Fi, 2003, p. 27).

The model suggested by Lappan and Theule-Lubienski (1994) is adapted from the
theoretical model that Shulman (1986, 1987) proposed.

Another framework for teacher knowledge suggested by Ball and Bass (2003)
according the interpretations of teachers’ work. In this interpretation, researchers

concentrated on the teachers’

...representing and making mathematical ideas available to students; attending to, interpreting,
and handling students’ oral and written productions; giving and evaluating mathematical
explanations and justification; and establishing and managing the discourse and collectivity of the
class for mathematics learning (p. 6).
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The framework comprises two integral parts, which are content (subject matter)
knowledge and PCK. In this framework, subject matter knowledge involves “common
content knowledge” which means the knowledge that one can know whose
mathematical background good enough (Ball & Bass, 2003) and “specialized content
knowledge” which is described as the mathematical knowledge that is utilized for
teaching of mathematics, but this knowledge is not transferred to learners in a direct
way (Hill, Sleep, Lewis, & Ball, 2007).

Another study on teacher knowledge was carried out by Borko et al. (2000) and
described the teacher knowledge in domains. Researchers pointed out that domains of
teacher knowledge are subject matter knowledge, general pedagogical knowledge,
PCK, and knowledge of students proposed by Shulman (1986) and their perspective
on the teacher knowledge has different categorization. Borko and others (2000) noted
that subject matter knowledge considered as a distinct knowledge domain. The rest of
the Shulman’s teachers’ knowledge categories included into a more expanded category
called as “mathematics-specific pedagogy” (Borko et al., 2000). According to situative
perspective, it is emphasized “... knowledge is inseparable from the physical and
social context in which it develops and is used” (p. 197). This leads to the situated
view such that mathematics-specific pedagogy involves three of the categories
proposed by Shulman other than subject matter knowledge due to the reason that ...
general pedagogical knowledge and knowledge about students, although theoretically
distinct from pedagogical content knowledge, are inseparable in practice” (Borko et
al., 2000, p. 197). Since teachers’ identities have influence on the teachers’ decision-
making process and practices in classroom setting according to situative view on the
cognition (Greeno, 1998; Greeno & MMAP, 1998, cited in Borko et al., 2000), the
researchers specified the teachers’ professional identity as a domain of teacher

knowledge.

2.3 Modeling Perspectives on Teacher Knowledge

In general, teacher knowledge and its characterization attracted many
researchers due to the fact that teachers play key role in the teaching and learning
situations. Many researchers proposed general theoretical models (e.g. Ball & Bass,
2003; Borko et al., 2000; Fennema & Franke, 1992; Lappan & Theule-Lubienski,
1994; Shulman, 1986, 1987) in order to explain the nature of teachers’ knowledge

according to various perspectives in mathematics as well as other areas. Since
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modeling has emerged as an alternative approach to traditional teaching perspectives
of mathematics (Lesh & Doerr, 2003a) with great emphasis on the relationship
between mathematics and reality (Haines & Coruch, 2007), researchers proposed their
own perspectives about the use of mathematical modeling in the teaching of
mathematics. As indicated in the section 2.1.2, there have been many modeling
approaches according to their description of mathematical modeling and their goals
(Kaiser & Sriraman, 2006) and these approaches differentiated according to how do
researchers see mathematical modeling, as a vehicle for teaching of mathematics
(Gravemeijer, 2002; Gravemeijer & Stephan, 2002; Lesh & Doerr, 2003a, 2003b; Lesh
& Lehrer, 2003; Lesh & Yoon, 2007; Zawojevski & Lesh, 2003) or as a subject matter
need to be learned and taught (Lingefjard, 2000; Lingefjard, 2002a, 2002b; Lingefjard
& Holmquist, 2001).

Although there have been many studies on the development of teacher
education and teacher development programs which concentrated on supplying
teachers in the curriculum implementation and pedagogical issues which centered on
the learners’ thinking and understanding (Fennema & Franke, 1992; Fennema, Franke,
Carpenter, & Carey, 1993; Fennema, Carpenter, Franke, Levi, Jacobs, & Empson,
1996), “However, these programs for teachers’ professional development have not
been grounded in a similarly extensive research base on the nature of teachers’
knowledge and its development” (Doerr & Lesh, 2003, p. 128), and it is still very new
for the field. The studies on the cognitive science and situative perspective
demonstrated that “knowledge is situated and grounded in the context and constraints
of practice (e.g., Borko, Mayfield, Marion, Flexer, & Combo, 1997; Lave & Wenger,
1991; Leinhardt, 1990, and others)” (Doerr & Lesh, 2003, p. 128). The researchers
described the nature of teachers’ knowledge as pluralistic, multidimensional, variable,
contextual, and continual (Doerr & Lesh, 2003). Knowledge is pluralistic due to the
reason that many constructed models might be suitable for any similar given situations
and any person might possess many thinking ways about any given real life situation;
similarly many people might possess many thing ways about the given real life

situation (Doerr & Lesh, 2003). Knowledge described as multidimensional such that

Meanings, descriptions and explanations [which constituted models] evolve along a humber of
dimensions such as concrete-to-abstract, simple-to-complex, external-to-internal, sequential-to-
simultaneous, discrete-to-continuous, particular-to-general, and static-to-dynamic (Doerr & Lesh,
2003, p. 129).
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Teacher knowledge is variable due to the reason that any individual produced the
knowledge from the given real life situation and that knowledge is subjected to change
along the dimensions (such as concrete-to-abstract, simple to complex, etc.) and
according to individuals (Doerr & Lesh, 2003). Knowledge of teachers’ is said to be
contextual because many researchers revealed that “a students’ ability to use a given
conceptual model often differs a great deal from one situation to another, depending
on a variety of contextual factors and student characteristics (Carraher, Carraher, &
Schliemann, 1985; Lave, 1988)” (p. 129). Knowledge is said to be continual because
of the reason that knowledge is subjected to change and develop over time due to
conceptual development with “acquisition of some general, all-purpose cognitive
structure” (pp. 129-130).

Doerr and Lesh (2003) indicated that modeling perspective focus on teachers’
actual knowledge to use them in expressing, testing, revising, and refining their subject
matter knowledge and extending that knowledge to stronger and more useful artifacts
for teaching in classroom settings rather than researching and detecting deficiencies in
teachers’ subject matter knowledge and suggesting ways to improving these
deficiencies as many studies has been centered on recent decades. Doerr and Lesh
(2003) described the teachers’ knowledge according to modeling perspective as

follows:

The knowledge that teachers need consists of at least the mathematical understanding of the idea,
an understanding of how children’s thinking might develop, and a knowledge of pedagogical
strategies in relationship to both the mathematical development and psychological development
(Doerr & Lesh, 2003, p. 131).

It was emphasized in the above excerpt that teachers’ knowledge need to include
mathematical comprehension of mathematical conception, a comprehension of the
ways of students’ thinking improve, and pedagogical knowledge which involves both
mathematical and psychological aspects of development (Doerr & Lesh, 2003).
There has been a great emphasis on the knowledge that teachers need in the
teaching of mathematics through mathematical modeling (Blum et al., 2003; Niss et
al., 2007). Although teachers’ knowledge about using mathematical modeling
underlined, there have been existed very few studies in the related literature (Oliveira
& Barbosa, 2009, 2010). Many researchers put emphasis on the teachers’ role in the
mathematical modeling (Blum & Leif3, 2007; Doerr & Lesh, 2003, Schorr & Lesh,
2003). Several studies were conducted about the knowledge that teachers need in the

teaching of mathematics implementation via mathematical modeling (e.g. Burkhardt,
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2006; Doerr, 2006, 2007; Doerr & English, 2006; Lingefjard & Meier, 2010; Ng, 2010;
Stillman, 2010; Zawojewski et al., 2003). In the modeling process, all of the domains
of teachers’ knowledge proposed by several researchers (e.g., Grossman, 1990; Marks,
1990; Shulman, 1986, 1987) involved with the knowledge of mathematical modeling
suggested as a component of PCK (Stacey, 2008). Apart from teachers’ knowledge
categories, teachers’ role played in the modeling process described as modeling
pedagogy (Blum et al., 2003; Niss et al., 2007). Niss and his collegues (2007)
explained the modeling pedagogy as “The pedagogy of applications and modelling
intersects with the general pedagogy of mathematics instruction in many respects, but
simultaneously involves a range of practices that are not part of the traditional
mathematics classroom” (p. 21).

Researchers found evidence that mathematical modeling has an influence on
the development of mathematical knowledge of teachers’ such that it extends teachers’
mathematical knowledge, improves teachers’ skills in solving applied problems, and
affect their beliefs about mathematics and its teaching (Barbosa, 2007; Holmquist &
Lingefjard, 2003).

In general, several questions arise about the acquisition of the knowledge that
teachers need to have, but the main question is the following: How do teachers acquire
the knowledge that they need to possess in order to carry out modeling process
effectively and successfully? At this point, development of teachers’ knowledge in
mathematical modeling in terms of professional development and teacher education
become more apparent for replying this question. In this study, knowledge that
teachers need to use mathematical modeling in the classroom setting is investigated

specifically.

2.3.1 What Knowledge Do Teachers Need to Have for Teaching Mathematics
through Mathematical Modeling?

Many studies underlined the importance of teachers’ role in the modeling
process (e.g. English & Watters, 2005; Niss, 1988; Zawojewski et al., 2003; Zbiek,
1998). Teachers’ pedagogical knowledge of modeling becomes significant in the
process of mathematical modeling so that teachers become in a central position during
the implementation of mathematical modeling activities although mathematical
modeling has not covered the significant place in mathematics teacher education
(Antonius et al., 2007; Niss, 1988, cited in Zbiek, 1998). Several studies pointed out
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that mathematical modeling have become an integral part of school curricula in many
countries (Burkhardt, 2006; Lingefjard, 2002a, 2007; Schukajlow et al., 2012;
Stillman, 2010). Zbiek (1998) indicated the main rationale for involvement of
mathematical modeling in school curriculum as “to encourage deeper student
understandings of mathematics through developing connections between mathematics
and the real world” (p. 185). Since teachers are the implementers of school curricula,
the knowledge of teachers about and their professional developments on mathematical
modeling becomes significant in order to carry out modeling process in their
classrooms. Yet, Lesh, Yoon, and Zawojewski (2007) cautioned teachers about
effectiveness of mathematical modeling activities that rests on when to use these
activities. According to Lesh and others (2007), using MEAs in the beginning of the
lesson serves an aim that supporting students develop their own understanding of any
subject matter or mathematical concept. On the other hand, using MEAs after the
lesson meant they were application of what they were taught (Lesh et al., 2007; Yoon,
Dreyfus, & Thomas, 2010). Therefore, teachers’ knowledge is important for
implementation of mathematical modeling activities effectively. There are several
studies on teachers’ implementation of modeling tasks in schools (Doerr, 2006, 2007,
Lingefjard & Meier, 2010; Ng, 2010; Stillman, 2010; Aydogan-Yenmez, 2012; Sen-
Zeytun, 2013) and professional developments of teachers on mathematical modeling
(Maap & Gurlitt, 2009, 2011; Schorr & Lesh, 2003). The findings of these studies
indicated that teachers needed to have particular knowledge about the use of
mathematical modeling in order to implement modeling process successfully and
efficiently.

Teachers orchestrate what is going on in lessons. In traditional educational
system, lessons are teacher-centered and direct teaching methods are used in teaching
of mathematics like other branches. In modeling process, the roles of teachers have
been subject to change into more of an organizer, facilitator, and complex than that is
in traditional system. With the advent of mathematical modeling as part of school
curricula, knowledge of teachers has been subject to a debate in modeling literature
(Burkhardt, 2006; Doerr, 2007).

In his study, Burkhardt (2006) examined the development of modeling
approach in the learning and teaching of mathematics by describing the developmental
stages in terms of fundamental features attributed to mathematical modeling. The

teaching of mathematical modeling is emphasized such that teachers of mathematics
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should possess distinct teaching styles and strategies rather than what a traditional
teachers have and do. The author pointed out that teachers need more abilities to teach
their students mathematics (via) modeling. According to the author, the extra skills are
“handling discussion in the class in a non-directive but supportive way, giving students
time and confidence, providing strategic guidance, and finding supplementary
questions” (Burkhardt, 2006, p. 188). The researcher implied that mathematical
modeling process includes active engagement, distinct tasks, responsibility of students
for their solution procedure, discussions occurred in the process, and qualified teachers
in terms of modeling activities. Burkhardt (2006) stated that the qualified teachers’
features in modeling activities are managing discussions in the classroom occurred
during the modeling process by providing support and assistance, providing students
appropriate time and encouragement to implement their solution approaches, guiding
and supporting students in strategic way that not interfering their solution procedure
and giving more detailed hints, and questioning students in order to improve them.

Burkhardt (2006) mentioned that mathematics education community
acknowledged “the need for students to learn to model with mathematics™ (p. 189) and
many suggestions appeared in order to implement integration of modeling in school
curriculum. The researcher pointed out to the obstacles that prevent the
implementation of modeling in broad sense. These are existing and previous teaching
systems’ effects such as habits of implementation of practices, core beliefs of teachers,
students, and even society, teaching strategies etc., messiness of real world, restricted
professional development, ineffectiveness of studies on the development of education,
and so on. It addresses the need that “a firmer research base and good presentation, in
general and in the context of each particular modeling course” (p. 191) in order to
convince teachers, students, policy makers to integrate mathematical modeling in
school curriculum.

In the study of Antonius et al. (2007), pedagogical issues in the use of
mathematical modeling activities were identified. The researchers stated the ways of
using modeling activities (e.g. working individually or working in-group) providing
the advantages and drawbacks of group work. The researchers emphasized the role of
the teacher during the implementation of modeling activities. It is underlined that
teachers’ guidance need to be centered on strategic questions including more
metacognitive prompts (e.g. “What did you find”, “What are you going to try next”,

etc.), some prompts focused on specific strategies (e.g. “Have you looked at some
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specific cases?”, “Did you see any patterns that you recognize?”, etc.), and little
detailed guidance (e.g. Why don’t you try a linear fit?”, “That’s wrong”, etc.) (Shell
Centre, 1984, cited in Antonius et al., 2007, p. 301). The researchers suggested
principles adapted from Steen and Forman (2001) for effective teachers to have
pedagogical knowledge of modeling during the implementation that are active,
student-centered, and contextual (cited in Antonius et al., 2007). The researchers
indicated the question “How much guidance?” as the fundamental of the teaching of
mathematical modeling and that depend on the teachers’ approaches. The researchers
suggested that teachers ought to have “a deep understanding of many different kinds
of subject matter that allows them to predict the possible obstacles and outcomes of
different paths students may follow” (Antonius et al., 2007, p. 308). The pedagogical
knowledge of mathematical modeling described as “a mathematics teacher
competence” which could be gained not only in teacher preparation programs, but also
in it needs to be acquired and improved in in-service period of teaching. The
researchers strongly recommended that pedagogical knowledge of modeling should be
seeded in pre-service teacher preparation programs.

Similar issues were voiced by Wake (2011) in a study where teachers’
professional learning in mathematical modeling was investigated. The participants of
the study were five teachers and two mathematics specialists who formed a teacher
development group. Teachers conducted a series of lessons in mathematical modeling
within study. The results revealed the importance of changing roles of teachers during
the implementation of modeling activities. The findings showed that teachers need
professional learning in order to broaden their background about both subject matter
knowledge and pedagogy that is particular to mathematical modeling.

Doerr (2007) put emphasis on the nature of teachers’ knowledge about
implementing modeling processes in terms of teaching mathematics. The teachers’
knowledge about teaching mathematics via modeling approach includes creating,
selecting, and conducting modeling tasks, interpretation of the tasks, models that
generated by teachers for teaching (Doerr & Lesh, 2003), and the way of using these
models in teaching mathematics. Doerr conducted two studies on subject matter
knowledge of pre-service mathematics teachers and pedagogical knowledge of an in-
service secondary mathematics teacher. In the first study, the researcher designed a
modeling course for undergraduate pre-service teachers, which aimed to introduce

fundamentals of mathematical modeling by involving them in modeling process.
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Modeling tasks from distinct domains such as physics, biology, and mathematics
constituted the content of the course. Pre-service teachers studied in small groups and
five modeling tasks were accomplished throughout the semester. Data sources of the
study were pre-service teachers’ group works in classroom, classroom discussions, and
assignments. The results of the study demonstrated that pre-service teachers have
serious misconception about binomial distributions and probabilities of independent
events (Doerr, 2007). The researcher stated that pre-service teachers corrected their
misconception by the process of group discussion and providing reasonable
explanation to each other. This situation shows that “mathematical modeling is a
potentially powerful context for the mathematics learning of pre-service teachers.”
(Doerr, 2007, p. 72). Another finding is the perceptions and beliefs of pre-service
teachers about the modeling process changed throughout the semester as a result of the
development in their experiences.

In the second study, the researcher investigated pedagogical knowledge of an
experienced in-service secondary teacher through the implementation of a sequence of
modeling activities on the subject of exponential functions. The results showed that
teachers should possess extensive and profound understanding of distinct perspectives
that students could consider. The researcher explained the four characteristics of the
pedagogical knowledge of teachers as “(1) to be able to listen for anticipated
ambiguities, (2) to offer useful representations of student ideas, (3) to hear unexpected
approaches, and (4) to support students in making connections to other
representations” (p. 77). Doerr (2007) noted that researchers should explore how
teachers obtain pedagogical knowledge for modeling in their undergraduate or in-
service practice.

In the study of Stillman (2010), the conditions for conducting applications and
mathematical modeling successfully in secondary school were investigated which is
based on Singapore syllabus in two Australian States, namely Queensland and
Victoria. The study includes results of small part of very large projects. Stillman
examined the several conditions for carrying out applications related to real world and
modeling tasks in the secondary school classroom efficiently. These are conditions
associated with tasks, students, and teachers in the process of modeling. Stillman
described the student condition as “developing understanding of situation in groups”,

“using physical activities related to the task to develop domain knowledge”, and
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“participating in rich dialogue and discussion with peers and the teacher” (pp. 314-
315).

Stillman (2010) expressed the teacher conditions as (i) being aware of the time
to cut in; (ii) hoping students participation of modeling process positively; (iii) having
knowledge of the nature of tasks, welcoming students’ distinct developments; (iv) and
summarizing and completing the task. Stillman (2010) claimed that teachers could
develop themselves by experiencing to conduct more applications of modeling
activities on their own and sharing knowledge and experiences with their colleagues.
These assertions need to be proven by future studies.

Doerr (2006) carried out a research on the way of teachers’ listening to
students’ ideas in the process of modeling and the types of teachers’ responses to
students’ developing models in order to foster their emerging models. The researcher
worked with four experienced secondary teachers who implemented a modeling task
about exponential growth in a case study. The researcher attended the lessons as a non-
participant observer and took field notes, and all implementations of four teachers
recorded with videotapes. The results of the study showed that teachers have various
approaches in listening to students’ thinking during the modeling process ranging from
refraining from direct expressing the next steps to students to listening to students’
distinct ways of solutions, but not allowing enough time students to develop their
ideas. This result displayed that sophistication of the knowledge domain in the
teaching expertise. Doerr suggested that “The goal for the teacher is not to classify that
thinking as an end in itself, but rather to have a broad schema for ways that students
might think about a task in order to provide the students with conflicts that need to be
resolved or alternatives that can be tested” (p. 267).

In another study, Lingefjard and Meier (2010) focused on the teachers’ role in
the modeling process. The sample of the study consists of two-experienced teacher,
one from Sweden and the other was from Germany as a part of large project. In the
study, each teacher implemented a modeling task in his or her own classrooms.
Lessons were observed by researchers as non-participant observer. The data analyzed
according to frame analysis of Goffmann (1974/1986) and concept of teacher
intervention model of Leif} (2007) (cited in Lingefjard & Meier, 2010). The results of
the study demonstrated that teachers used diagnostic questions in the modeling process
in order to support students’ thinking and provided content-related help for students in

understanding and interpreting the problems situation. Another finding was that
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teachers made affective intervention to students even if students can develop a solution
by themselves. Lingefjard & Meier suggested that teachers need more knowledge,
practice, and supervision about what to do and how to move in particular conditions
of modeling process.

In the study of Ng (2010), first practice of primary school teachers in
mathematical modeling is reported. Teachers engaged in three mathematical modeling
tasks actively by forming groups that include four teachers in each. Peer evaluation
approach was used in the assessment that is based on three principles: the way of
representation, validity of developed models, and reusability of these models in other
similar situations that are denoted as main properties of modeling process (Kaiser,
2005, cited in Ng, 2010). There are several findings of that teachers were
uncomfortable against the open-ended property of modeling tasks even though
teachers were receptive to modeling activities in real world context. Teachers showed
that they preferred to get unique answers from the solution process. Ng suggested that
“teacher educators have to bridge the gaps between the potentials of such tasks and
teachers’ current levels of expertise (i.e. content and pedagogy), as well as raise their
comfort levels to such open-ended contextualized tasks.” (p. 142).

Several studies were conducted about prospective teachers (e.g., Sen-Zeytun,
2013) and about in-service teachers (Aydogan-Yenmez, 2012) regarding to modeling
perspective. In the study of Aydogan-Yenmez (2012), the change in in-service
secondary mathematics teachers’ knowledge investigated through activities related to
professional development on the basis of lesson study design by using modeling
approach. The researcher examined the development of teachers’ knowledge on
questioning styles, assessment techniques, classroom arrangement, and management
with the sample consisting four experienced secondary mathematics teachers. The
findings of the study indicated that the professional development program applied in
the study had an influence on the teachers’ PCK and pedagogical knowledge involving
instructional practice with student-centered and classroom arrangement and
management.

Sen-Zeytun (2013) investigated prospective teachers’ ways of model
development through involving in modeling activities and their views about the causes
that affect their modeling process. Six prospective teachers participated in the study
that was designed as case study. The results of the research demonstrated that various

factors such as educational system based on exams, inadequate practice with modeling
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activities, time limitations etc. had influence on prospective teachers’ modeling
process.

To sum up, many studies put emphasis on the importance of teachers’ position
in the modeling process (Niss, 1988; Zawojewski et al., 2003; Zbiek, 1998). Although
teachers encounter many obstacles that may deter them from using modeling activities
in the classrooms (Blum & Niss, 1991; Burkhardt, 2006; Ng, 2010; Sen-Zeytun, 2013),
teachers need to have particular knowledge about the use of mathematical modeling
(i.e., pedagogy of modeling) to carry out mathematical modeling activities and
modeling process as a whole effectively (Antonius et al., 2007; Aydogan-Yenmez,
2012; Doerr, 2006, 2007; Lingefjard & Meier, 2010; Stillman, 2010; Wake, 2011).

2.4 Teachers’ Beliefs and Conceptions about Mathematics and Its Teaching

Since teachers occupy a very significant place in educational society due to
having direct connection with learners, especially with students from kindergarden to
higher educational levels in terms of teaching, guiding and changing of them. Teachers
also have been seen as “important agents of change in the reform effort current under
way in education and thus are expected to play a key role in changing schools and
classrooms” (Prawat, 1992, p. 354). Due to the reason that teachers play a central role
in the teaching and learning, their worldviews and considerations about teaching and
learning become crucial in order to support the changing efforts in education and
development of both students and themselves.

Many constructs influence the teachers’ worldviews and considerations about
any subject matter or teaching and learning of it. Teachers’ beliefs and conceptions are
the constructs that affect their applications in the educational context (Pajares, 1992).
There are many definitions of beliefs according to distinct researchers (e.g., Pehkonen
& Torner, 1996; Richardson, 1996; Thompson, 1992). The more common and agreed
definition of beliefs is “Psychologically held understandings, premises, or propositions
about the world that are thought to be true” (Philipp, 2007, p. 259; Richardson, 1996,
p. 103; Richardson, 2003, p. 2). Beliefs also defined from another perspective as “an
individual’s understanding and feelings that shape the ways that the individual
conceptualizes and engages in mathematical behavior” (Schoenfeld, 1992, p. 358).
Schoenfeld (1985) described belief systems as “belief systems are one’s mathematical
world view” (p. 44). Green (1971, cited in Thompson, 1992) identified several aspects

of beliefs involved in belief systems, which is “a metaphor for examining and
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describing how an individual’s beliefs are organized” (p. 130). According to the belief
systems, there exists three aspects in this system. In the first category, some beliefs are
more basic in comparison with others. These basic beliefs called as primary beliefs.
The other beliefs are said to be derivative beliefs that are derived from primary beliefs.
Another aspect of beliefs system contains some beliefs are more resistant to change
which are central and others are not strong as central ones that are peripheral. The
beliefs that are said to be peripheral more subject to change rather than central ones.
The last aspect of belief systems is that beliefs are contained in clusters so that there

IS no association between other belief families (Thompson, 1992).

In recent decades, there have been many studies on the teachers’ beliefs about
mathematics and its teaching and learning (e.g., Beswick, 2005, 2007, 2012; Cooney,
Shealy, Arvold, 1998; Ernest, 1989; McLeod & McLeod, 2002; Perry, Howard, &
Tracey, 1999; Peterson, Fennema, Carpenter, & Loef, 1989; Roesken, Pepin, &
Torner, 2011; Shilling-Traina & Stylianides, 2012), and the effects of teachers’ beliefs
on teachers’ practice in the classroom setting (e.g., Beswick, 2005; Cross, 2009;
Dougherty, 1990; Raymond, 1997; Speer, 2005; Wilkins, 2008). Many researchers
stated that teachers’ beliefs about mathematics and its teaching and learning have an
impact on forming teachers’ considerations about instructional practice (Artzt, 1999;
Dougherty, 1990; Pajares, 1992; Richardson, 1996; Thompson, 1984; Wilkins, 2008).
Ernest (1989) pointed out that “The teacher's mental contents or schemas, particularly
the system of beliefs concerning mathematics and its teaching and learning” (p.1)
identified as one of the factors that affect teachers’ practice of teaching of mathematics.
Beswick (2005) crystallized the classification of teachers’ beliefs about the
mathematics, its teaching and learning by utilizing the propositions that are suggested
by Ernest (1989) and Van Zoest, Jones, and Thornton (1994) (see Table 3).

Table 3 Classification of Teachers’ Beliefs (Beswick, 2005, p.40)

Beliefs about the nature of Beliefs about mathematics Beliefs about mathematics

mathematics (Ernest, 1989) teaching (Van Zoest et al., 1994)  learning (Ernest, 1989)

Instrumentalist Content focussed with an Skill mastery, passive
emphasis on performance reception of knowledge

Platonist Content focussed with an Active construction of
emphasis on understanding understanding

Problem solving Learner focused Autonomous exploration of

own interests
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In the first category, Ernest (1989) illustrated teachers’ beliefs about the nature of
mathematics in terms of three perspectives, which are instrumentalist, Platonist, and
problem solving. According to instrumentalist perspective, mathematics seen as “an
accumulation of facts, skills and rules to be used in the pursuance of some external
end.” (p. 250). This perspective of mathematics suggests that distinct kinds of topics
that contained in mathematics are diverse. Platonist perspective described the
mathematics as “a static body of unified, preexisting knowledge awaiting discovery”
(Beswick, 2012, p.129). According to this perspective, there is a significant
relationship between mathematical knowledge structures and various subjects. The
problem solving perspective suggests that mathematics is a kind of dynamic process
that is subject to human creation and discovery. This perspective views mathematics
as a process instead of product (Ernest, 1989).

Conceptions are more general constructs than beliefs. According to Thompson
(1992), teachers’ conceptions are “a more general mental structure, encompassing
beliefs, meanings, concepts, propositions, rules, mental images, preferences, and the
like” (p. 130). Teachers’ conceptions of mathematics involve “teachers’ conscious or
subconscious beliefs, concepts, meanings, rules, mental images, and preferences
concerning the discipline of mathematics” (Thompson, 1992, p. 132). Thompson’s
(1992) explanations of teachers’ conceptions about the nature of mathematics,
teachers’ conceptions about teaching and learning of mathematics also fitted into the
classification of teachers’ beliefs suggested by several authors (Ernest, 1989; Van
Zoest et al., 1994) that was summarized by Beswick (2005). Thomson (1992) pointed
out the perspectives for conceptions of the nature of mathematics stated by Lerman
(1983, cited in Thompson, 1992). In the first perspective, absolutist, emphasized
“universal, absolute, certain, value-free” nature of mathematics. In the second
perspective, fallibilist, advocated the “developing through conjectures, proofs, and
refutations” nature of mathematics (Thompson, 1992, p. 132). Several studies reported
that there exist consistencies between teachers’ conceptions about mathematics and
their instructional practice (Agudelo-Valderrama, Clarke, & Bishop, 2007; Dougherty,
1990; Kaplan, 1991; Thompson, 1984) and some researchers indicated variability and
inconsistencies between teachers’ conceptions about mathematics, its teaching and
learning and their instructional practice (Andrews & Hatch, 1999; Pepin, 1999;
Raymond, 1997).
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Although there existed attempts to define psychological constructs such as
beliefs, conceptions, views, perceptions etc., when it is looked through the related
literature, there is no common ground and clear cut distinctions between the terms
beliefs, conceptions, and views and these terms have been used interchangeably
(Pehkohnen & Toérner, 1996; Shilling-Traina & Stylianides, 2012; Torner, 2002). It is
reported that teachers’ beliefs about mathematics and about mathematics teaching and
learning are accepted as significant indicators for comprehending teachers’
instructional practices in classroom settings (Pajares, 1992; Skott, 2001). The
relationship between teachers’ beliefs and their instructional practice emphasized in
many studies (e.g., Ball, 1990a, 1990b; Thompson, 1992). Many researchers
documented the relationship between teacher change and beliefs according to various
levels from elementary to high schools (e.g., Borasi et al., 1999; Even, 1999; Even &
Tirosh, 1995; Lloyd, 1999; Vacc & Bright, 1999; Wood & Sellers, 1997).

It is indicated that the significance of beliefs, as a form of cognition, stressed
in the teacher education due to reasons that include philosophical and psychological
dimensions (Richardson, 2003). According to philosophical aspect, beliefs are
regarded as the center of change in the teacher preparation programs. In the second
dimension, prospective teachers carry their beliefs, especially strong ones that are
some of them said to be central beliefs about mathematics teaching, to teacher
preparation programs (Ball, 1988, 1990a; Borko et al., 1992; Lampert & Ball, 1998;
Richardson, 2003) and these conceptions affect how they learn to teach from these
programs (Calderhead & Robson, 1991; Richardson, 1996). It is evidenced from the
study of Ross, Johnson and Smith (1991) that pre-service teachers’ entering beliefs
found to be the most significant factor that influence what and how they learn in
teacher preparation program and also influence the way that they teach in classroom
settings (Richardson, 2003). Pre-service teacher programs suggest prospective
teachers “unique opportunities between the pre-service teacher’s school experience
and future teaching practice to pause and reconsider their affective dispositions
towards mathematics teaching and learning” (Grootenboer, 2003, p. 42). It is pointed
that pre-service teachers’ beliefs are resistant to change at the teacher preparation
programs due to the several reasons (Ball, 1990a) and researchers documented that
some conceptions of in-service mathematics teachers are strong and resistant to change

(Wilson & Goldenberg, 1998), another finding is that prospective teachers’
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conceptions about mathematics did not change in the period that they conducted a
teacher preparation course (Foss & Kleinsasser, 1996).

Since teachers’ beliefs about mathematics and its learning affects their
practices, teachers’ beliefs about mathematical modeling and its use in teaching
mathematics have the potential to influence their practices about modeling (Chapman,
2007; Doerr & Lesh, 2003; Kuntze, 2011; MaaP} & Gurlith, 2011).

2.4.1 Teachers’ Conceptions about Mathematical Modeling and Its Use in

Teaching of Mathematics

There exist many studies about the teachers’ conceptions about mathematical
modeling (e.g., Frejd, 2012; Gould, 2013; Kuntze, 2011; Maap, 2011; Verschaffel, De
Courte, & Borghart, 1997; Arlebick, 2010), about modeling activities (Eraslan, 2011;
Kayhan-Altay, Yetkin-Ozdemir, & Sengil-Akar, 2014; Kuntze, 2011), and about
teaching and learning of mathematics via mathematical modeling (e.g., Bisognin &
Bisognin, 2012; Chapman, 2007; Kaiser & Maap, 2007; Kuntze et al., 2013; Maaf} &
Gurlith, 2011; Schmidt, 2011, Siller, Kuntze, Lerman, & Vogl, 2011; Yu & Chang,
2011).

In the study of Verschaffel and others (1997), prospective teachers’
conceptions and beliefs about the role of real world knowledge in mathematical
modeling involved in traditional word problems investigated. A large number of
prospective teachers from four different teacher preparation programs participated in
the study. Prospective teachers administered a test including 14 word problems (seven
of them include real life context). Prospective teachers solved these problems on their
own and then they made evaluation about four distinct responses from students for
each word problem. The results of the research demonstrated that prospective teachers
have an inclination to keep out the real life knowledge from their solutions and they
did so for the students’ solutions that they were assigned to make evaluations.

Chapman (2007) examined six experienced in-service mathematics teachers’
conceptions about mathematical modeling and their practices through mathematical
modeling in high school. The researcher reported the findings from data of a large
research and concentrated on the high school teachers and their teaching of
mathematics via mathematical modeling. Data obtained from a variety of sources
including open-ended interviews, classroom observations, classroom discussions, and

role-play scenarios. As a result of the study, the researcher indicated that teachers
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emphasized the significance of real world connection in their conceptions about
mathematics, word problems and problem solving and they pointed out the
mathematical modeling as a necessity in teaching and learning of mathematics.

Kuntze (2011) explored the views of mathematics teachers (including both of
in-service and pre-service) about mathematical modeling activities in the classroom
settings. In the study, 230 prospective and 79 in-service teachers participated and they
were asked their views about instructional practices, containing their views about
mathematical modeling and about properties of distinct mathematical modeling
activities concerning to the degree of their demands. The participants were asked to
complete a questionnaire on characteristics of modeling tasks (i.e., demanding high or
low requirements) and their global views. The results of the study demonstrated that
pre-service teachers chose the modeling activities with low demands rather than ones
that are more demanding. In contrast to pre-service teachers’ preferences, in-service
teachers selected more complicated and demanding modeling activities. Although
prospective teachers showed higher fear of incompatibility of modeling tasks with the
aim of mathematical exactness than in-service teachers. The findings showed that
prospective teachers stressed that prospective teachers need to work more on the
modeling tasks in mathematics teacher education programs.

Another study conducted by Gould (2013) investigated prospective secondary
mathematics teachers’ conceptions and misconceptions about mathematical models
and modeling. It was used both quantitative and qualitative approaches in the study.
The researcher collected quantitative data from 274 in-service and prospective
secondary mathematics teachers by using online survey form and qualitative data
collected from case studies of a group of mathematics teachers attended to a
professional development course on mathematical modeling. The findings
demonstrated that secondary mathematics teachers have some misconceptions about
mathematical models and modeling such as not comprehending the process of
mathematical modeling and its aspects; believing mathematical models to be formed
of concrete manipulatives, visual representations; having beliefs about situations of
mathematical modeling such that these situations might become unrealistic scenarios.
The researcher indicated that teachers believed that to carry out mathematical
modeling successfully, it ought to be implemented with the help of other teachers and

teachers need to make collaboration for developing ideas and strategies. Gould (2013)
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mentioned that a majority of teachers pointed out the some issues related to
mathematical modeling implementation such as taking much time.

Several researchers reported that teachers’ conceptions about the use of
mathematical modeling in the teaching and learning of mathematics did not show any
significant change during and after the implementation of their treatments (Maall &
Gurlitt, 2009; Maap & Gurlitt, 2011) and teachers’ mathematical beliefs found to be
the main hinders to deter teachers from using mathematical modeling in classroom
settings (Kaiser & Maaf, 2007). Several studies indicated that there were several
factors that influence teachers’ conceptions about the use of mathematical modeling
activities in their actual classrooms (Schmidt, 2011; Yu & Chang, 2011). For example,
Schmidt (2011) found that lack of time and absence of assessment method for students’
performance in mathematical modeling appeared as hinders preventing teachers from
using mathematical modeling in their classrooms. Similar findings reported in the
study of Yu and Chang (2011). Additionally, Yu and Chang (2011) indicated that
teachers had both positive and negative perceptions about using mathematical
modeling activities in classroom setting and designing such activities. The researchers
reported that teachers identified making connections between mathematics and real
life situations, increasing students’ mathematical skills, developing their
communication skills and sharing ideas through group work as the advantages of using
modeling activities in classrooms. Yu and Chang (2011) also stated that teachers
mentioned that mathematical modeling was not included in the curriculum and content
of the entrance examinations and took much time as the drawbacks.

Siller and others (2011) explored the views of pre-service mathematics teachers
about the importance of mathematical modeling in the classroom instruction. The
sample of the study was 117 German and 42 Austrian pre-service teachers. A
developed questionnaire within a large project was applied to participants. The results
indicated that pre-service teachers viewed importance of mathematical modeling at
average as an important big idea for classroom instructional strategy. However, pre-
service teachers perceived mathematical modeling unimportant in comparison with
other big ideas.

In the study of Kuntze and others (2013), pre-service and in-service teachers’
perceptions about their PCK associated with modeling during the modeling process
and views about their professional development at undergraduate level investigated in

terms of mathematical modeling. The sample of the study involved 38 pre-service and
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48 in-service teachers. A questionnaire was applied to both pre-service and in-teachers.
The results revealed that both pre-service and intervice teachers had negative views
about their modeling-specific pedagogical development. The results of the study
indicated that teachers’ self-perceptions about PCK associated with mathematical
modeling displayed a necessity for professional development for both PCK associated
with modeling and pedagogical modeling based self-efficacy of teachers. Another
finding was that teachers’ explanations of self-perceptions associated with modeling
suggested that practical experience with mathematical modeling activities was
underlined. The researchers point out that the results of the study stated the need for
the further studies about structure of teachers’ modeling knowledge.

Maap (2011) conducted a qualitative research on the effects of teachers’ beliefs
on their professional development within the modeling context. Six in-service
secondary school teachers participated in professional development course and took
part in the interviews after the implementation of the course. The results of the study
showed that teachers identified three drawbacks of mathematical modeling, namely:
(i) time is not enough for doing mathematical modeling, (ii) modeling is not included
in external assessment, and (iii) students dislike modeling or are not able to solve
modeling tasks. The analysis of data provided researcher to determine two opposite
teacher types, the Static Type and the Process Type. Although teachers who were in
the first category (the Static Type) seemed to avoid from using modeling in their
lessons by thinking of drawbacks of modeling, teachers who were in the second
category (the Process Type) seemed to integrate modeling in their lessons by
developing strategies to overcome the obstacles. The findings suggest that teachers’
beliefs have an influence on their actions whether trying to exclude from or involve in
their mathematics lessons.

In the study of Frejd (2012), upper secondary school teachers’ the ways of
teaching mathematical modeling and their conceptions about mathematical models and
modeling were examined. Eighteen teachers participated in the study from 12 distinct
secondary schools. Teachers responded a questionnaire that aimed to collect data about
teachers’ thinking about mathematical modeling and characteristics of schools.
Interviews were held with each of the participants after application of questionnaire.
The results revealed that half of the teachers become aware of the concept of
mathematical modeling before joining the study. Most of the teachers defined the

mathematical modeling as describing or simplifying something with mathematics. The
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findings indicated that teachers’ conceptions about mathematical modeling were
associated with building mathematical model founded on a situation. Moreover, the
results demonstrated teachers’ experiences of the concept of mathematical modeling
were inadequate. Teachers did not pay more importance to include modeling in their
everyday mathematics lessons.

Arlebick (2010) studied teachers’ beliefs about mathematical models and
modeling. The author tried to apprehend teachers’ beliefs related to mathematical
models and modeling within a framework that includes teachers’ beliefs about the real
life, the nature of mathematics, school mathematics, and implementing and
implementations of mathematics. The researchers carried out a case study with two
teachers. The findings suggest that teachers did not have an apparent mathematical
models and modeling conception. The researcher found that teachers participated in
the study did not possess any well-constructed beliefs about mathematical models and
modeling and there were discrepancies between these beliefs.

In the context of Turkey, several researchers conducted studies about
prospective teachers’ conceptions about mathematical modeling and modeling
activities in the teaching and learning of mathematics. Eraslan (2011) conducted a
study on prospective teachers’ perceptions on MEAs and their influences on learning
of mathematics. The researcher selected six prospective mathematics teachers from 45
prospective teachers who were taking “Modeling in Teaching Mathematics” course
and these prospective teachers were from two focus groups in the implementation of
MEA. These groups of prospective teachers were interviewed and videotaped. The
findings of the study showed that prospective teachers indicated the ambiguity of
MEAs as a general character of these activities. Prospective teachers thought that
MEAs have positive influences on the learning of mathematics. The findings suggest
that prospective teachers stated important ideas about the use of MEAS such as using
MEAs with participation of all class or small groups rather than individually because
these activities require higher thinking skills. In antoher study, Tirker, Saglam, and
Umay (2010) explored prospective mathematics teachers’ performances in the
modeling process and their views of modeling process throughout implementation of
four modeling activities. Sixty prospective teachers were participated in the study.
Data were collected through four modeling activities and semi-structured interviews.
The results of the study demonstrated that prospective teachers stated that they did not

experience modeling activities before and they identified that these activities
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demanded higher thinking skills. In the process, the researchers indicated that
prospective teachers developed positive ideas about mathematical modeling in relation
with developing solutions to real life problems. Another finding of the research was
that prospective teachers declared that the lack of courses that they could progress
modeling skills in teacher preparation programs.

Kayhan-Altay and others (2014) studied prospective elementary teachers’
views of MEAs and the nature of these activities in the teaching and learning
mathematics throughout “Modeling in Teaching Mathematics Course” that was
offered as an elective course at a public university in Ankara, Turkey. Prospective
elementary teachers who enrolled the course were the participants of the study. The
data sources of the study were the documents of four MEAs collected during the
implementation of the course, semi-structured focus group interview, and field notes.
The results of the study indicated that prospective elementary teachers developed
positive ideas about MEAs although they did not have any knowledge about MEAs
and modeling process before the implementation of the course. Similar to the findings
of Tiirker et al. (2010), prospective elementary teachers stated that there was an
absolute requirement for a course that they could progress their modeling skills in the
initial teacher preparation programs. The findings of the study showed that prospective
teachers thought that teaching and learning mathematics via MEAs was pleasant and
meaningful because these activities demand of students to relate mathematical
concepts with real life situations. Prospective teachers also indicated that the most
suitable method for using MEAs was group working due to observing more solution
strategies. Even though prospective teachers indicated positive feelings about the use
of MEAs in teaching and learning of mathematics, they mentioned about possible
difficulties that may deter them from using these activities in their future classrooms.
Kayhan-Altay and others (2014) underlined that the development of modeling skills
takes more time and therefore, prospective teachers need to have more experience.

To summarize, several studies demonstrated that both prospective and in-
service teachers had various conceptions about mathematical models and modeling
(Frejd, 2012; Gould, 2013; Arlebick, 2010), about modeling activities (Eraslan, 2011;
Kayhan-Altay et al., 2014; Kuntze, 2011; Tirker et al., 2010), about the use of
mathematical modeling in the teaching and learning of mathematics (Chapman, 2007;
Eraslan, 2011; Gould, 2013; Kuntze et al., 2013; Maaf, 2011; Schmidt, 2011; Siller et
al., 2011; Yu & Chang, 2011). The findings of these studies revealed that prospective
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teachers developed positive conceptions about mathematical modeling and modeling
activities and they pointed out the obstacles that may hinder the use of these activities
in the classrooms. However, pedagogical side of mathematical modeling and teachers’

conceptions about pedagogy of modeling is still scarce.

2.5 Initial Preparation and Professional Development of Mathematics
Teachers

Teachers have been playing a key role in almost every level of education and
reform efforts in the educational system, and the significance of their role in the
classroom emphasized in many studies (e.g. Franke, Kazemi, & Battey, 2007; Sowder,
2007). Since the significance of their roles, preparation and professional developments
of teachers becomes crucial for acquisition of their needed knowledge for teaching of
mathematics (Opfer & Pedder, 2011; Sowder, 2007) and for improvement of education
(Borko, 2004; Guskey, 2002). Sowder (2007) pointed out that many researchers stated
differences in the descriptions of the terms teacher education, professional
development, and teacher change. For instance, teacher education is linked to initial
teacher preparation which involves courses and practice experience of prospective
teachers, on the contrary, professional development of teachers is correlated with
programs towards teachers who are currently teaching which includes attending
projects, completing offered courses and their responsibilities (Lerman, 2001; Ponte,
2001, cited in Sowder, 2007). However, Sowder (2007) noted that this distinction is
not clear due to the fact that “much of what is true for professional development is also
true for teacher preparation” (p. 158).

Various studies addressed the significance of professional development of
teachers and school administrators such that advancement in instruction and increase
in students’ success rely heavily on their professional development (Ball & Cohen,
1999; Elmore & Burney, 1999; Sykes, 1999; Thompson & Zeuli, 1999). The
importance of professional development for advancement in education illustrated as a
“significant lever for education improvement” (Sykes, 1999, p. 151). Sowder (2007)
identified six general aims of professional development which are, namely (1)
developing a shared vision, (2) developing mathematical content knowledge, (3)
developing an understanding of how students think about and learn mathematics, (4)
developing pedagogical content knowledge, (5) developing an understanding of the
role of equity in school mathematics, and (6) developing a sense of self as a teacher of
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mathematics. Many studies were conducted on the professional development of
teachers in line with these aims of professional development. For example, several
organizations and institutions (e.g. NCTM, OECD, and NCATE) published several
documents which identify teacher qualifications and standards, and criteria for
professional development programs in order to maintain and develop a shared vision.
The OECD (2009) published Teaching and Learning International Survey (TALIS)
that gives a comparison of 30 distinct member countries in terms of their educational
conditions for teaching and learning. In the TALIS, professional development of
teachers analyzed with respect to attending to professional development and pointed
out the importance of participating professional development activities. On the other
hand, many studies carried out on the mathematical and PCK of teachers and teacher
learning (e.g. Ball, 1990b; Ball & Mosenthal, 1990; Fuerborn, Chinn, & Morlan, 2009;
Hawley &Valli, 1999) which are said to be consisted of some of the aims proposed by
Sowder (2007). Studies based on teacher knowledge about learners’ thinking
(Fennema et al., 1993; 1996) can be considered as an example of the developing a
comprehension of students’ thinking and learning.

Sowder (2007) sorted out the professional development types according to
framework for the types of teacher knowledge offered by Cochran-Smith and Lytle
(1999). The framework consists of three categories, which are knowledge-for-practice,
knowledge-in-practice, and knowledge-of-practice. According to Cochran-Smith and
Lytle (1999), knowledge-for-practice means that “formal knowledge and theory
(including codifications of the so-called wisdom of practice) for teachers to use in
order to improve practice” that obtained from teacher preparation programs and
courses taken in university level (p. 250). Knowledge-in-practice refers to “practical
knowledge, or what very competent teachers know as it is embedded in practice and

in teachers' reflections on practice” and knowledge-of-practice refers to

the knowledge teachers need to teach well is generated when teachers treat their own classrooms
and schools as sites for intentional investigation at the same time that they treat the knowledge and
theory produced by others as generative material for interrogation and interpretation. In this sense,
teachers learn when they generate local knowledge of practice by working within the contexts of
inquiry communities to theorize and construct their work and to connect it to larger social, cultural,
and political issues (Cochran-Smith & Lytle, 1999, p. 250).

Sowder (2007) stated the ways of acquiring knowledge-for-practice classified into four
categories. These are perspectives that centered on student thinking, perspectives that

centered on curriculum, perspectives that centered on case studies, and perspectives
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that centered on formal course work. The researcher pointed out that courses suggested
in initial teacher preparation programs ought to be designed according to principles of
professional development suggested by Loucks-Horsley, Love, Stiles, Mundry, and
Hewson (2003). As Sowder (2007) identified formal course works in undergraduate
and graduate levels in university within the ways of acquisition of knowledge-for-
practice, initial teacher programs and their contents become more important for the
quality of prospective teachers’ professional development and establishing a powerful
knowledge base for being effective teachers. Many studies questioned the influences
of teacher education programs on teacher learning to teach (National Center for
Research on Teacher Education, 1988; Wilson, Floden, & Ferrini-Mundy, 2002) and
teachers’ professional careers (DeAngelis, Wall, & Che, 2013), and many researchers
criticized prospective teacher preparation programs for several reasons such as
deficiencies in courses and connections between courses, forming standards and
setting obvious aims (Feiman-Nemser, 2001; Zeichner, 2006).

When it is looked through the literature on prospective mathematics teacher
education, most of the studies are about prospective teachers’ beliefs and experiences
about the nature of mathematics and its teaching and learning (e.g. Cooney, Shealy, &
Arvold, 1998; Frykholm, 1996, 1998, 1999; Kelly, 2001; Kinach, 2002; Langford &
Huntley, 1999; Langrall, Thornton, Jones, & Malone, 1996; Mewborn, 1999). Most of
these studies demonstrated that method courses have positive influence on prospective
teachers’ beliefs about mathematics and its teaching and learning. Besides, Kelly
(2001) reported that prospective teachers who attended method courses displayed
strong confidence in the teaching of mathematics. Clift and Brady (2005) briefly
summarized the studies on the method courses and field experiences of prospective
teachers in the period of 1995 to 2001. Brown (2010) investigated the influence of
high-stakes reforms on the teaching and prospective teacher education. Zeichner and
Conklin (2005) reviewed the studies on teacher education programs within the period
from 1986 to 2002 in terms of various aspects and the researchers categorized the
studies on teacher education programs into three categories which are 4-year versus 5-
year programs, alternative versus traditional, and the case studies of teacher
preparation programs. In general, the researchers indicated that there is no ground to
compare or contrast distinct prospective teacher education programs that have distinct
characteristics, complexities and aims due to their different natures including cultures,

educational policies, contexts, etc. Several researchers pointed out that there exists no
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common knowledge base for constructing effective pre-service teacher education
programs (Hiebert, Morris, & Glass, 2003). Nevertheless, especially in mathematics
education, studies on the courses and practical experiences of prospective teacher
education programs reported that the method courses have an impact on professional
development of prospective teachers and their way of teaching (Ensor, 2001; Ball,
1990b) and these courses need to include several forms of knowledge for teaching
(Graeber, 1999; Borko, Eisenhart, Brown, Underhill, Jones, & Agard, 1992).

In recent decades, there has been a strong emphasis by educational
organizations on what qualifications and standards teachers need to have in order to
teach mathematics effectively. In teacher preparation and professional development
programs, the knowledge of mathematical modeling included both in Professional
Standards for Teaching Mathematics (NCTM, 1991) and in Program Standards for
Mathematics Education (NCATE/NCTM, 2012) and stressed its importance for
teachers’ teaching of mathematics and their professional development. According

Standard 2 towards mathematical practices, it is expected from

Effective teachers of secondary mathematics solve problems, represent mathematical ideas,
reason, prove, use mathematical models,”, and prospective mathematics teachers “Formulate,
represent, analyze, and interpret mathematical models derived from real-world contexts or
mathematical problems (NCTM/NCATE, 2012, p. 1).

More specifically, knowledge of mathematical modeling is underlined as a
competency for mathematical content knowledge (MEB, 2011a).

In order to make teachers gain knowledge of mathematical modeling and its
pedagogy, professional development programs might involve courses and seminars to
fulfill this goal. Studies on teachers’ professional development demonstrated that
interventions committed in professional development give rise to changes providing
that the courses, which include both teaching and reflection, are long-term, and factors
related to teachers’ teaching were controlled (Tirosh & Graeber, 2003; Wilson &
Cooney, 2002). Hill and Ball (2004) reported similar findings that teachers who
attended the professional development program displayed improvements in their
performance in knowledge for teaching mathematics.

Many researchers emphasized the importance of such courses for acquisition
knowledge of mathematical modeling (Blum & Niss, 1991; Kaiser, Blomhgj, &
Sriraman, 2006; Lingefjard, 2007). However, although many countries involve

mathematical modeling as a part of their school curricula, researchers indicated that
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mathematical modeling has not been covered in the prospective teacher education

courses in university level (Lingefjard, 2007; Borromeo Ferri & Blum, 2009).

2.5.1 Studies on the Professional Development of Mathematics Teachers in the

Context of Mathematical Modeling

Since mathematical modeling has been becoming as an integral part of school
curricula in many countries and emphasized its importance in teaching and learning of
mathematics (Blum & Niss, 1991; Lingefjard, 2000; 2002a; Blum et al., 2002; Lesh &
Doerr, 2003a; Kaiser & Maaf3, 2007; Lesh & Zawojewski, 2007; Doerr & Lesh, 2011)
and its significance for school mathematics curricula (Blum & Niss, 1989; Niss, 1989),
there has been many efforts to design and implement mathematical modeling courses
for pre-service (Barbosa, 2001; Holmquist & Lingefjard, 2003; Jiang et al., 2003,;
Lingefjard, 2006; Kaiser & Schwarz, 2006; Borromeo Ferri & Blum, 2009; Maal} &
Gurlitt, 2011) and in-service (Blomhgj & Kjeldsen, 2006) teacher education in the
field of mathematics education in recent decades. The studies on mathematical
modeling courses illustrated in the following paragraphs in terms of their significance
for professional development of teachers.

In the study of Barbosa (2001), the features of a prospective teacher education
program on mathematical modeling with the perspective of the mathematics teaching
i1s investigated. The researcher developed a course titled as “Modelling and
Mathematics Education” and offered for undergraduate level. Eight prospective
teachers and one in-service teacher was enrolled in the course. The data sources of the
study included observations, open interview, and written documents. The results of the
study suggested that students expressed their satisfaction with the course in terms of
content of the course. Students had difficulties in working as groups that affected the
processes of mathematical modeling. Another result was that students elaborated a
broad conception about mathematical modeling in mathematics teaching. On one
hand, some of the participants stated warning about the use of mathematical modeling
in lessons such as modeling could be used as a practice for checking the results. On
the other hand, some of the students stated that they were always willing to use
modeling in their lessons. Modeling course evolved students’ conceptions about
teaching of mathematics such as relating mathematics with real life rather than
considering as abstract and not connected to real life. The researcher suggested that

more studies needed to reveal the role of mathematical modeling in the preparation of
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prospective teachers and clarify possible techniques to implement in classroom
settings.

Holmquist and Lingefjard (2003) designed a mathematical content course on
modeling applications which is content was designed to make prospective teachers
learn how to deal with modeling tasks with the help of technological tools such as
distinct software and graphing calculators. In this study, researchers used an
assessment technique such that assessment of prospective teachers and teaching
process used simultaneously. Sample of the study involved 11 prospective teachers for
a semester. The results of the study demonstrated that prospective teachers had a great
confidence with technological tools and did not incline to check the correctness of the
obtained results. Another result of the study showed that students might become
confused even if they used their own developed models.

In the study of the Jiang and others (2003), a mathematical modeling course
designed for prospective secondary mathematics teachers in order to gain knowledge
and experience about solving real life problems by giving motivation and
encouragement to provoke to engage. The course was designed according to NCTM
Standards (1989, 2000) using the modeling process diagram (see Figure 1) and
consisted of problem solving related with modeling, mathematical inquiry and the use
of technological tools. As a result of the implementation of the modeling course, the
researchers indicated that the modeling course could support prospective teacher in
gaining a conceptual understanding of concepts and advanced their problem solving
skills by dealing with real life related modeling tasks. The researchers suggested that
assessment of these courses could be accomplished by using alternative assessment
techniques such as project work, observations, and individual interviews that have
superior features to traditional assessment methods.

Lingefjard (2006) reported that the modeling courses for teachers that he
carried out altered in terms of many dimensions such as the way of assessing students,
the courses content, and even their introduction parts according to personal and
cultural preferences. Lingefjard (2007) stated that most of the mathematics teacher
education programs did not offer mathematical modeling courses in Sweden
universities.

In the study of Kaiser and Schwarz (2006), a research was carried out on
mathematical modeling seminars that was held in university by the collaboration of

departments of mathematics and mathematics education and pre-service teachers and
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high school students participated. It is important that pre-service teachers need to
develop an understanding of mathematical modeling and learn how to conduct
mathematical modeling in school environment constitutes a basis for designing
mathematical modeling courses in teacher education (Kaiser & Schwarz, 2006). It is
reported that modeling examples, one example to each group, were given to groups of
high schools that were supervised by pre-service teachers and each group would
develop a solution to modeling examples. This was the general scope of the course
content. The aim of the course was to promote pre-service teachers developing an
understanding of mathematics with respect to modeling and teaching modeling
competencies for conducting modeling processes in classrooms (Kaiser & Schwarz,
2006).The study demonstrated that a change was occurred in the beliefs of pre-service
teachers about using mathematical modeling in mathematics teaching from more
conservative to use ordinary mathematics (pure) to more eager to use modeling
examples. Furthermore, pre-service teachers evaluated the course positively. The other
results of the study were that the lessons were very difficult and that took much more
time to complete works.

Borromeo Ferri and Blum (2009) conducted a study about investigating
characteristics of a modeling course for teachers such as contents, methods, etc. The
authors designed a seminar course for pre-service teachers and its content based on
four modeling competencies which are theoretical competency (knowledge about the
nature of mathematical modeling), task related competency (solving, analyzing and
developing task skills), teaching competency (knowledge about implementing
modeling in classroom environment), and diagnostic competency (ability to follow the
modeling processes and identifying students' difficulties in the implementation
period). The authors of the study reported that they identified these competencies from
their previous modeling seminar experiences. Borromeo Ferri and Blum suggested the
aforementioned competencies for forming contents such a modeling course. The
researchers pointed out that theory and practice should be considered together while
designing the content of mathematical modeling course from their experiences.

Apart from previous studies mentioned above paragraphs, Blomhgj and
Kjeldsen (2006) researched in-service teachers' experiences from planning,
conducting, and evaluating an in-service course on modeling for teachers through
based on project. The main aim of the mathematical modeling course was to teach in-

service teachers mathematical modeling through project based learning by help
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teachers in preparing lesson plans, implementing, and making evaluation of these
lessons based on project work. The study showed that in-service teachers can carry out
problem oriented modeling projects in high schools and their roles are very significant
during the implementation of the modeling activities. It is reported that teachers need
to pay attention to modeling processes includes sub-processes in order students
develop modeling competencies. The researchers indicated that the way of teachers'
presentation of mathematical ideas might influence students' engagement in modeling
activities negatively.

Maaf} and Gurlitt (2009) proposed qualifications for teachers in order to
conduct mathematical modeling activities in their classrooms which are having the
knowledge of fundamental concepts of mathematical modeling, altering their beliefs
about the nature of mathematics if they are inconvenient to philosophy of mathematical
modeling, and noticing their own power to implement mathematical modeling
activities in their classrooms.

Similar to the study of Borromeo Ferri and Blum (2009), Maaf} and Gurlitt
(2011) mentioned about much larger project (LEMA), which has aim to design a
common professional development course for pre-service teachers to teach them
modeling. In their study, the researchers presented framework of the project including
theoretical backgrounds, design process of the course, implementation, and results. In
order to constitute theoretical basis, the researchers reported that they tried to find the
answer of the question: What knowledge does a teacher need in order to teach
modeling? This question demonstrated the focus of the research. Maaf} and Gurlitt
(2011) stated that the theoretical model comprised the knowledge of modeling,
modeling tasks, lessons, and assessment parts in a modeling course. The needs analysis
of teachers, which included teachers’ beliefs about the aforementioned parts were also
taken into account together with theoretical background. The results of the study
demonstrated that the implemented course had no impact on teachers’ beliefs.

Nevertheless, it influenced the teachers” PCK of modeling and self-efficacy positively.

2.6 Summary of the Literature Review

To summarize this entire chapter in terms of what previous studies told us,
teacher preparation programs are very significant for prospective teachers (Ball, 1990;
Brown & Mayor, 1958; Chapman, 2007; Ensor, 2001; Manouchehri, 1997; Ponte &
Chapman, 2008; Sowder, 2007) in order to gain mathematical knowledge (Sowder,
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2007), PCK (Shulman, 1986, 1987; Grossman, 1990), and necessary knowledge
needed for mathematics teachers (Fennema & Franke, 1992; Kahan et al., 2003).
Mathematical modeling and its importance in the teaching and learning of mathematics
stressed in the previous studies (Blum et al., 2002; Blum & Niss, 1991; Doerr & Lesh,
2011; Kaiser & Maap, 2007; Lesh & Doerr, 2003a; Lesh & Zawojewski, 2007) and
documents of several institutions and organizations (CCSSI, 2010; NCTM, 1989,
2000; OECD, 2003, 2009). Moreover, many studies showed that prospective and in-
service teachers had various conceptions about mathematical modeling (Frejd, 2012;
Arlebick, 2010) and the use of mathematical modeling in the teaching and learning of
mathematics (e.g., Chapman, 2007; Eraslan, 2011; Kaiser & Maaf3, 2007 Kuntze et al.,
2013; MaaP & Gurlith, 2011; Schmidt, 2011; Siller et al., 2011; Yu & Chang, 2011).
Therefore, introducing mathematical modeling to teachers is significant as soon as
possible, even it would be better in teacher preparation programs. Some researchers
indicated that there should be mathematical modeling courses in teacher preparation
programs (Lingefjdrd, 2007). Many researchers attempted to design a mathematical
modeling course and investigate its influence on prospective teacher’ knowledge and
beliefs (Barbosa, 2001; Holmquist & Lingefjard, 2003; Jiang, McClintock, & O’Brien,
2003; Lingefjiard, 2006; Kaiser & Schwarz, 2006; Borromeo Ferri & Blum, 2009;
MaaBl & Gurlitt, 2011) Nevertheless, these previous studies were far away from
revealing all of undetermined or unclarified issues about prospective teachers’
conceptions about mathematical modeling and its use in the class (Blum et al., 2002).
According to these implications, the current study would contribute to the literature in
terms of development of prospective teachers’ thinking about mathematical modeling

and its use in their future classrooms.
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CHAPTER 3

METHODOLOGY

The purpose of the current study is to investigate the evolution of prospective
secondary mathematics teachers’ conceptions about mathematical modeling and
pedagogical knowledge of mathematical modeling throughout a mathematical
modeling course offered to prospective mathematics teachers. More specifically, the

following research questions are explored within the study:

e How did prospective secondary mathematics teachers’ conceptions about
mathematical modeling change throughout the implementation of the

designed course?

e How did prospective secondary mathematics teachers’ conceptions about
use of mathematical modeling in teaching change throughout the

implementation of the designed course?

The study was carried out with 25 prospective secondary mathematics teachers
who enrolled in an elective course entitled “Mathematical Modeling for Prospective
Teachers” in a public university in Ankara, Turkey. The course was designed and
offered as part of a larger research project supported by the Scientific and
Technological Research Council of Turkey (TUBITAK) under the grant number
110K250. The project was comprised of two fundamental parts: One of them was
developing a mathematical modeling training module for in-service mathematics
teachers and the other one was designing and developing an academic mathematical
modeling course for prospective teachers. Main purposes of the project were (i) to
develop mathematical modeling tasks and activities that can be used with both
secondary school students and pre-service and in-service teacher education programs;
(ii) to develop an in-service mathematics teacher professional development program

about mathematical modeling and to investigate how the program would affect
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teachers’ beliefs, knowledge and practices; (iii) to develop an academic course for pre-
service mathematics teachers and investigate how the course would affect pre-service
teachers’ knowledge, competencies and attitudes in terms of mathematics,
mathematical modeling and using mathematical modeling in mathematics education.
As a part of the larger project, the current study was carried out for 14 weeks in Spring
semester of 2011-2012. Much more information about the research was provided in
the following sections.

In this chapter, I discuss design of the study, participants, detailed research
procedure including design process of the course with theoretical considerations, data
collection procedure, and data analysis.

3.1 Design of the Study

In this study, case study was selected as the research design from qualitative
research approaches. According to Creswell (2007), a case study is “an in-depth
exploration of a bounded system (e.g., activity, event, process, or individuals) based
on extensive data collection” (Creswell, 2011, p. 465). A case study was also defined
as “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” (Yin, 2009, p. 18). In this study, the case was the
phenomenon, which was the development of prospective secondary mathematics
teachers’ thinking about mathematical modeling and about pedagogy of mathematical
modeling who enrolled the “Mathematical Modeling for Prospective Teachers” course

for a semester.

3.2 Participants of the Study

The participants of the study were 25 prospective mathematics teachers who
enrolled the elective course “Mathematical Modeling for Prospective Mathematics
Teachers” in a state university as a part of much larger project. While the majority of
the prospective teachers were 3rd-year students (n=16), seven of them were 4th-year,
and only two of them were 5th-year students in their 5-year teacher education program.
The majority of prospective teachers were female (n=18) and seven of them were male.

The participants’ ages ranged from 19 to 22 years old. Participants’ GPAs ranged from
2.06 to 3.62 out of 4.00 (X =2.66, SD=0.37).
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Throughout the program, prospective secondary mathematics teachers have to
complete both compulsory and elective courses in order to graduate from the program.
Participants of the mathematical modeling course (4™-year and 5"-year students)
completed the compulsory courses, which were “Discrete mathematics, Linear
algebra, One variable calculus, Multiple variable calculus, Analytic geometry,
Differential equations, Introduction to algebra, Set theory, and Topology, Euclidean
geometry”, in their first 3 years. During the implementation of the modeling course,
these prospective teachers were also taking “Transformation geometry, Abstract
Algebra, and Number Theory” courses. At the same time, 4"-year and 5"-year
prospective teachers took pedagogical courses like “Measurement and Evaluation,
“Approaches and Theories of Teaching and Learning” and pedagogical content
courses related to mathematics education (i.c., “Teaching Methods in Mathematics
Education” and “Problem Solving”). Moreover, although 3"-year prospective teachers
who enrolled the course completed some pedagogical courses such as “Introduction to
Educational Sciences”, “The Psychology of Development”, and “Guidance and
Counseling”, they did not take any courses related to mathematics education different
from 4"-year and 5"-year prospective teachers. The implemented course within the
current study was their first mathematics education course. Only four of participants
of the study stated that they had an experience with mathematical modeling within
other courses.

The prospective teachers were divided into seven groups according to their own
preferences. Four of them included four prospective teachers and the remaning groups
consisted of three prospective teachers. Demographic data pertaining to prospective

teachers was given in Table 4.

Table 4 Characteristics of participants with their group numbers and pseudonyms

Group No.  Prospective Teachers (PTs) Class Gender Age

1 PT1* 5 Female 24
7 PT2 3 Female 20
7 PT3 3 Female 21
7 PT4 3 Male 21
3 PT5 3 Female 21
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Table 4 (continued)
Group No.  Prospective Teachers (PTs) Class Gender Age

3 PT6 3 Female 21
5 PT7 3 Female 22
5 PT8 3 Female 21
5 PT9 3 Female 21
4 PT10 3 Female 21
4 PT11 3 Female 21
4 PT12 3 Female 21
2 PT13 3 Female 22
2 PT14 3 Female 21
2 PT15 3 Female 21
2 PT16 4 Male 22
1 PT17 4 Female 23
1 PT18 4 Male 22
3 PT19 3 Male 21
4 PT20 4 Male 22
6 PT21 4 Female 23
6 PT22 4 Female 22
6 PT23 5 Male 24
7 PT24 3 Male 21
5 PT25 3 Female 21

*: PT1 represents the coded prospective teacher numbered as 1.

3.3 Conceptual Framework of the Study

In this section of the study, the conceptual framework that is used in this study
will be discussed and explained in detail. Conceptual frameworks are very significant
on the construction of research, planning the research, implementation, analysis, and
interpretation of the results in a coherent and meaningful frame. Throughout this part
of the section, MMP on teacher development will be discussed in details with

implications from distinct scholars working within this framework.

76



3.3.1 Models and Modeling Perspective on Teacher Development

This study investigates both the change in prospective teachers’ thinking about
mathematical modeling and pedagogical knowledge of modeling about the use of
mathematical modeling activities in the classroom setting throughout the
implementation of a designed undergraduate course for teachers called as
“Mathematical Modeling for Prospective Teachers”. Since one of the main aims of the
course is to provide professional development for prospective teachers about
mathematical modeling and its use in the classroom environment, a conceptual
framework, which is MMP on teacher development, adopted in this study in the
investigation of prospective teachers’ professional development in the use of
mathematical modeling activities in classroom environment. Lesh and Doerr (2003)
proposed the MMP theoretical framework for different research purposes. It is
underlined the MMP research that it involves investigation of “what it means to
“understand” important concepts and abilities” (Doerr & Lesh, 2011, p. 248). In MMP
research indicates that teaching from a modeling perspective includes designing
teaching and learning environments according to MMP, implementation of MEAS in
modeling process demonstrated the how crucial the role teachers play. MMP suggests
a perspective for the development of teachers (Doerr & Lesh, 2003; Doerr & Lesh,
2011; English, 2003; Lesh & Lehrer, 2003). According to MMP, teachers need to have
experiences about mathematical modeling and modeling activities by involving the

these processes as their students engaged in order to

deepen, extend and share their own knowledge and understanding of the content of mathematics,
the ways in which students build mathematical ideas, and the pedagogical implications of teaching
mathematics in a manner which encourages the development of powerful mathematical models
(Schorr & Lesh, 2003, p. 143).

Koellner-Clark and Lesh (2003) pointed out that teacher development is similar
to student development such that mathematical modeling activities need to be prepared
according to the same principles used for modeling activities for students. Apart from
the student development, teachers focused on the following aspects while dealing with

modeling activities.

... clarifying and or elaborating their own ideas including mathematical content, pedagogy, and
knowledge of student thinking while at the same time making connections among and between
their previous models and elaborating on each other’s thoughts and ideas (p. 165)

It has been indicated that teachers’ involvement in the modeling processes and

activities like solving mathematical modeling problems like their students was an
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integral component of the professional development of teachers and understanding of
students’ thinking (Koellner-Clark & Lesh, 2003; Schorr & Lesh, 2003, English,
2003). Lesh and Doerr (2003) emphasise the interdependent nature of development
existing between students and teachers by means of emergence of MMP as a
conceptual lens. As they develop, curriculum materials and instructional programs
evolve accordingly (Lesh & Lehrer, 2003).

It is adamantly emphasized that for their pedagogical development, teachers
and prospective teachers also need to resolve the questions themselves like students
which are used in modeling activities related to using mathematical modeling in the
process of mathematics teaching (Doerr & Lesh, 2003; Lesh & Doerr, 2003a; Schorr
& Lesh, 2003). Both experiencing the modeling process by solving related modeling
questions and watching the processes that students go through during classroom
applications provide teachers with rich learning environment for their professional
development (Doerr & Lesh, 2003; English, 2003). In mathematical modeling process,
depending on various presumptions, as more than one solution approach and method
may come up, teacher needs to have enough pedagogical qualifications in order to
manage to understand and evaluate these various methods in the process and give
correct feedbacks when necessary. In order to do that, first, they need to experience
this process as a person to be able to have deep knowledge on the processes that
students will go through in a mathematical modeling activity solution process. An
emphasis was put on the “... expertise in teaching is reflected not only in what teachers
can “do,” but also what they “see” in teaching, learning, and problem solving
situations” (p. 111) about the development of mathematics teachers and their training
(Lesh & Lehrer, 2003). Therefore, teachers’ knowledge about mathematical modeling
and modeling pedagogy (Niss et al., 2007) comprise in the teachers’ professional
development about mathematical modeling.

According to Schorr and Lesh (2003), a number of problems in math teaching
stem from teacher-student communication. A teacher is expected to have deep
information on students’ thinking processes such as how students learn a concept and
which mental processes these students go through while learning it. Lack of this
information, it causes the conduct of teaching students a concept in a specific way and
expecting them to learn it in the same way, which is the paramount source for the lack
of communication between the student and the teacher. Because the student may have

understood highly different things from what the teacher explains and reports for a
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concept. Thus, he may have structured that concept in a different way in his mind.
Schorr and Lesh (2003) asserted that modeling activities need to occupy an important
position in teacher training to resolve this problem. In these activities, teachers or
prospective teachers will learn via experiencing which thinking processes students go
through for a mathematical model, concept to be produced and how this process should
be evaluated (Doerr & Lesh, 2003). However, the result of a study as small groups
with students by Schorr ve Lesh (2003) indicated that there were considerable changes
in the opinions of teachers on: (a) in their perceptions about the paramount behaviors
that calls for observation on students in problem solution activities (b) their opinions
about the points that need to be evaluated as weak and strong in students’ answers and
(c) evaluation-assessment.

It is asserted that modeling activities offer significant opportunities for
mathematics teachers’ professional developments (see Doerr & Lesh, 2003). In
traditional method, the teacher expresses the various models that she possesses. As
there may not be a compelling reason why the teacher should develop the models he
already possesses, similarly, he may not feel such an anxiety. Because while the
teacher is the source of knowledge, the students are in the receiver role. However, in
modeling approach the teacher will have to force his own mental modeling borders in
order to evaluate and improve the various solution ways, models, and interpretation of
real life situations that students created. Through the various models that students have
developed, teachers will have improved their own model images. The mental models
of the teachers need to possess a broader perspective than those the students have.
Doerr and Lesh (2003) asserted that teachers’ models involve “the ways of seeing and
interpreting situations for particular purposes” (p. 126) and these models are
developed, expanded, revised, and implemented in various classroom situations. The
researchers stated that teachers’ models need to involve not only a comprehension of
students’ models, but also a comprehension of how students’ models developed,
conceptions about “curricular development of the concepts” and “pedagogical
strategies for teaching the concept in various settings to students with varying
backgrounds” (Doerr & Lesh, 2003, p. 134). According to MMP, teachers’ knowledge
include distinct classroom contexts and aims of teaching, powerful sides and weak
sides of teachers’ analysis about the contexts and aims, and going on revising and

refining those considerations about teaching.
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Mathematical modeling activities for teachers were highlighted in terms of
possible contributions to teacher knowledge. Doerr and Lesh (2003) stated the general
purposes of model-eliciting activities for teachers as (1) making teachers discover their
thinking ways, (2) testing, revising, and refining their thinking ways for specific aims,
(3) sharing with their teacher friends for repetition, and (4) reusing their thinking was
in more situations. The authors suggested that modeling activities for teachers “should
provide teachers with concrete opportunities to explore mathematical meanings,
interpret students' thinking, plan for instructional activities, select materials, structure
activities and assess student performance” (Doerr & Lesh, 2003, p. 135). According
the MMP conceptual framework, studies include “on-the-job classroom based
professional development activities” containing the mathematical modeling activities
for students furnish rich contexts for the experience of teachers that encourage
development of teachers (Koellner-Clark & Lesh, 2003, p 172; Schorr & Lesh, 2003,
p. 157). Therefore, in this study, mathematical modeling activities for students
included provide prospective teachers to gain more experience about mathematical
modeling activities that they can use their future classroom.

Carpenter, Fennema, and Romberg (1993) demonstrated that helping teachers
acquainted with their students’ thinking about significant mathematical conceptions
and skills which are supposed to developed by their students accepted as a kind of
fruitful approach to assist teachers to improve their teaching (cited in English, 2003).
Developing a comprehension for the ways students’ of thinking becomes more
important in order to make accurate interpretations about students’ mathematical ideas
and possible misunderstandings of them for teachers (Doerr & Lesh, 2003; Schorr &
Lesh, 2003; Niss et al., 2007). As mathematical modeling process involves various
assumptions and solution processes and so differentiates from conventional problems,
naturally teacher’s role change during the process as well. According to English
(2003), during a modeling activity practice process, the teacher should be able to
follow students’ thinking processes, determine questioning strategies that will assist
them to develop correct mathematical ideas and guide them correctly, and lastly, the
teacher should provide a discussion environment that will enable all students to
provide the development of a correct mathematical opinion. To manage to do that, a
teacher ought to be able to understand students’ thinking ways rapidly and guide them
correctly. However, on the other hand, according to Blum and Niss (1991), one of the

paramount reasons why teachers avoid using modeling activities within classroom
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environment is that teachers feel unconfident against the questions students may ask
during the solution process. Upon a classical problem, the questions that student may
ask are limited and the teacher’s answer for them is already ready. However, because
the nature of the probable questions to be asked during modeling process is quite
complicated, it does not only lead to a compelling phenomenon for the teacher, but
also creates a perfect environment to improve themselves pedagogically (Doerr, 2006;
English, 2003; Doerr & Lesh, 2003). As a result of these studies, the produced
information indicate that analyzing and interpreting students’ thinking manners play
an important role upon the development of teachers’ (prospective teachers) knowledge
related to mathematical modeling and in-class practices. Hence, study of student s’
ways of thinking has been evaluated as a component of the class.

To sum up, in this study, the mathematical modeling course designed according
to suggestions and implications of MMP on teacher development and principles of
professional development (Loucks-Horsley et al., 2003) were taken into account
during the design process. Figure 5 illustrates the components of the modeling course
that are significant for professional development of prospective teachers about
mathematical modeling and its use in the classroom setting. The mathematical
modeling course for prospective teachers involves mathematical modeling activities,
students’ way of thinking works, use of technology, group work, designing and
preparing modeling activities, and preparing an implementation plan for designed
modeling activities and carrying out the implementation for having experience as the
integral components. The details of the course design process and its theoretical

foundation was provided in the following section.
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Figure 5 Components of the mathematical modeling course designed for prospective
teachers in this study

3.3.2 Course Design Process with Theoretical Considerations

In this section, course development processes within the project are explained
in detail including determination of the components of the course by using various
studies in the related literature and pilot study.

Within the scope of prospective teacher education component of the project, a
course planning at undergraduate level was pledged in that the prospective
mathematics teachers who attend the 3rd or the 4th grade will improve their knowledge
about mathematical modeling and gain the necessary information, skills and attitudes
to be able to use mathematical modeling in mathematics teaching after they launch
their profession. Within this scope, a course called “Mathematical Modeling for
Prospective Mathematics Teachers” was contemplated and from Fall semester of
2010-2011 academic year on, each semester (three semesters) the content was revised
again and again, improved and executed with prospective teachers who attend
Elementary School Mathematics Education Program of a public university. The course
was executed in pilot study throughout the three semesters. The final outline of the
course was drawn and in Spring semester of 2011-2012, it was made to be ready for
pre-service component of the much larger project which was executed with the
prospective teachers who attend a different public university Secondary School
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Mathematic Teacher Education Program. In this section, the course planning process
that was used as a model to improve prospective secondary mathematics teachers’
conceptions about mathematical modeling and pedagogy of modeling is going to be
reported. Within this frame, initially the theoretical basis that the components which
are determined while the lesson content is made up of is going to be mentioned.
Afterwards, the pilot study and the basic impressions gained from them will be
explained. Finally, in the light of the findings that are observed at the end of the pilot

study, how the final lesson content was drawn was explained in detail.

3.3.2.1 Description of the course

The planning process of a course directed to field education (i.e., mathematics
education) involves sub-processes such as determining the aims and objectives of the
course, determining the key components (subjects) that will make up the content of
the course in accordance with these aims and objectives, carrying out an appropriate,
and time planning for the subjects to dealt with (see Table 5). In this section, in the
planning process of the course determining the key components that creates the lesson
content, lesson content/definition and ranging and timing of the subjects to be handled

will be considered in detail.

Table 5 Definition, aim, and objectives of the planned course

The Course Definition and Content: Model and modeling approach in solving mathematical
problems, mathematics education, and training. Using technology in modeling process.
Mathematics applications in real life situations. Teacher training in modeling process:
Understanding real life situations, producing presumptions, transfering the problem situation
into mathematics language and solve it, interpreting the solution, confirming the model,
reporting depending on the model, explanation and estimations. Using mathematical modeling
in teaching process and teacher training related to real classroom applications.

Aims and Obijectives of the Course: The prospective teachers who completes this course
successfully;

e will be able to use their modeling skills such as understanding real life problems (or
realistic problems), building a mathematical model which appropriate for the problem context
and producing a mathematical solution, interpreting the solution by regarding its real situation,
(if necessary) expanding the solution and deciding to change it etc.

e will be able use their mathematical knowledge and skills to solve his real life problems
(or realistic problems).

e will be able to express their mathematical knowledge both orally and written effectively
by using various displays as mathematics language, symbolic system, diagram and graphic.

e in mathematics learning, especially in problem solving, will be able to use technology.

e will be able to explain the nature of modeling process and the characteristics of modeling
activities.
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Table 5 (continued)

o will be able to discuss the importance of mathematical modeling in teaching and learning
of mathematics.

o will be able to interpret students’ ways of thinking and processes within mathematical
modeling context.

o will be able to design modeling activities that can be used in math teaching individually
or as a group.

o shall be able to practice mathematical modeling activities.

3.3.2.2 Determining the key components of the course

The course “Mathematical Modeling for Prospective Teachers” was designed
to improve prospective teachers’ mathematical modeling skills; to provide them with
knowledge on using mathematical model in math teaching, and develop a positive
view. The general outcome of the studies carried out for professional development of
in-service mathematics teachers and prospective teachers indicate that it is not so easy
to make radical changes on their thinking structures and beliefs directed to learning
and teaching. (e.g., Llyod, 1999; Schorr & Koellner-Clark, 2003; Schorr & Lesh,
2003). The content creation process of this course, which aimed at improving
prospective teachers’ knowledge, skill and a positive view about using mathematical
modeling upon mathematics teaching, was begun by the awareness of these
difficulties. During the planning of the lesson, primarily, studies about teacher
education on the basis of mathematical modeling approach were investigated. In this
context, in mathematical modeling approach and in studies on teacher training within
the scope of other programs, it becomes apparent that it is important for teachers to
learn through living and involving in the process (e.g., Doerr & Lesh, 2003; Schorr &
Lesh, 2003). In this context, it comes to the fore that in such a course, it is essential to
have prospective teachers gain a foreseeing upon subjects like what a mathematical
modeling is, what the in-class modeling activities include, how the in-class modeling
activities implement how and in what subjects students will think about, the
importance of group work and teacher’s role. In this context, getting the prospective
teachers to experience the modeling processes and stages that students will go through
makes up the key philosophy of the lesson content.

Table 6 displays the key components and the course of lesson process of
“Mathematical Modeling for Prospective Teacher’ which was designed within the

project. The basic components of this course which are designed within the scope of
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the literature review are as follows: a) individual and group work upon mathematical
modeling activities, b) group work during modeling process, active participation and
discussion, ¢) using technology during modeling process, d) through the modeling
activities which are resolved, analyzing students’ ways of thinking, e) developing a
modeling activity, creating a implementation plan and having implementation
experience. Moreover, as a part of the studies carried out within the scope of the course
established upon these components; made up of another aspect of the course,
classroom discussions, reflection papers written after the implementation of each
modeling activities, and individual interviews about the issues asked in the reflection
paper guide. Mathematical modeling process, nature of modeling activities, the
importance of mathematical modeling in the teaching and learning of mathematics,
role of instructor in the use of mathematical modeling were included in the framework
of the couse (see Figure 6). Components, which are determined for a class, designed
within a comprehensive literature framework and the detailed information about how

to handle in the course of lesson is explained in the following.

/ N Tl Students” Way of Thinking / The Process of Mathematical \

Modeling Activities » Solution Sheets Modeling
= Videos Modeling Skills
The Nature of Mathematical
Modeling Activihes
) Reflective Thinking
Using Technelogy Mathematical Group Work » Reflection Papers
Modeling | * Group Discussions [ ®| -
Conree » ndividual Interviews el Bl clofiatheret el
Modeling in the Teaching and
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. . . . The Bole of Teacher in the Use
Modeling Activity Preparation of Implementation of Mathematical Modeling

\ Preparation Plan and Microteaching /

Figure 6 The framework of mathematical modeling course for prospective secondary

A J

mathematics teachers

Mathematical modeling activities

It is adamantly emphasized that for their pedagogical development, in-service
and prospective mathematics teachers also need to resolve the modeling activities

themselves like students which are used in modeling activities related to using
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mathematical modeling in the process of mathematics teaching (Doerr & Lesh, 2003;
Lesh & Doerr, 2003a; Schorr & Lesh, 2003). Both experiencing the modeling process
by solving related modeling activities and observing the processes that students go
through during classroom applications provide teachers with a very rich learning
environment for their professional development (Doerr & Lesh, 2003; English, 2003).
In mathematical modeling process, depending on various presumptions, as more than
one solution approach and method may come up, teachers need to have enough
pedagogical qualifications in order to manage to understand and evaluate these various
solution strategies in the process and give correct feedbacks when they are necessary.
In order for that, first, they need to experience this process as a person to be able to
have deep knowledge about the processes that students will go through in a
mathematical modeling activity solution process.

According to Schorr and Lesh (2003), a number of problems in teaching of
mathematics stem from teacher-student communication. A teacher is expected to have
deep knowledge about students’ ways of thinking such as how students learn a concept
and which mental processes these students go through while learning it. Lack of this
knowledge cause the conduct of teaching students a concept in a specific way and
expecting them to learn it in the same way, which is the paramount source for the lack
of communication between the student and the teacher. Because the student may have
understood highly different things from what the teacher explains and reports for a
concept. Thus, he or she may have structured that concept in a different way in his or
her mind. Schorr and Lesh (2003) asserted that modeling activities need to occupy an
important position in teacher training to resolve this problem. In these activities, in-
service teachers or prospective teachers will learn via experiencing which students’
ways of thinking go through for a mathematical model, concept to be produced and
how this process should be evaluated (Doerr & Lesh, 2003). However, the result of a
study as small groups with students by Schorr ve Lesh (2003) indicated that there were
considerable changes in the opinions of teachers on: (a) in their perceptions about the
paramount behaviors that calls for observation on students in problem solving
activities (b) their opinions about the points that need to be evaluated as weak and
strong in students’ answers and (c) evaluation-assessment.

It is asserted that mathematical modeling activities offer significant
opportunities for mathematics teachers’ professional developments (see Doerr & Lesh,

2003). In traditional teaching method, the teachers express the various models that they
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possess. As there may not be a compelling reason why the teachers should develop the
models they already possess, similarly, they may not feel such an anxiety. Because
while the teacher is the source of knowledge, the students are in the receiver role.
However, in modeling approach the teacher will have to force his own mental
modeling borders in order to evaluate and improve the various solution ways, models,
and interpretation of real life situations that students created. Through the various
models that students have developed, teachers will have improved their own model
images. The mental models of the teachers need to possess a broader perspective than
those the students have. As a result of the experiences that the activities had during the
solution process, working on modeling activities was included in the lesson content as
the paramount component foreseeing that prospective teachers develop ideas about
phenomena which will be theoretically discussed and handled, like students’ ways of
thinking, which are the other components of the course at the same time, teacher’s role,

group work’s role, the nature of modeling.

Analyzing studies of students’ ways of thinking

A professional development approach is that it focuses on students’ ways of
thinking, in addition to the ones produced out of research studies, upon the solutions
produced in the context of modeling activities which directly come from students and
regards examining and interpreting students’ ways of thinking structures
systematically as a basis. Teachers’ knowledge about students’ thinking structures is
one of the paramount components of the field of pedagogy that Shulman (1986)
defined. In recent years, it is also one of the most emphasized subjects related to
teacher education and professional development of teachers (Kieran, 2007; Sowder,
2007). Students can have various ways of thinking. A learning environment where
these various thinking structures is made to come to the fore and supported will play
an important role in growing individuals who own the knowledge and skills that are
foreseen within contemporary teaching approaches framework. The studies carried out
emphasize the importance of students’ having knowledge about different thinking
structures and more importantly, shaping their own knowledge, beliefs and teaching
plans (Carpenter, Fennema, Peterson, Chiang, & Loef, 1989; Fennema, Franke,
Carpenter, & Carey, 1993; Nathan & Koedinger, 2000a; 2000b). In international
professional development programs like “Cognitive Guiding Training” fulfilled about

teacher education (Cognitively Guided Instruction, Carpenter, Fennema & Franke,
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1996) and “Multi Level Program Development” (Multi-tier Program Development,
Koellner-Clark & Lesh, 2003), teachers who were trained through students’ ways of
thinking could include this knowledge in their teaching plans and contributed to
students’ success (Carpenter et al., 1989; Fennema et al., 1993).

When looked into the studies of using mathematical modeling in the teaching
of mathematics, it is seen that understanding students’ ways of thinking have become
more important (Lesh & Doerr, 2003a; Schorr & Lesh, 2003; Niss, Blum & Galbarith,
2007). As mathematical modeling process involves various assumptions and solution
processes and so differentiates from conventional problems, naturally teacher’s role
change during the process as well. According to English (2003), during a modeling
activity implementation process, the teacher should be able to follow students’ ways
of thinking, determine questioning strategies, which will assist them to develop correct
mathematical ideas and guide them correctly, and lastly, the teacher should provide a
discussion environment that will enable all students to provide the development of a
correct mathematical concept. To manage to do that, a teacher should be able to
understand students’ ways of thinking rapidly and guide them correctly. However, on
the other hand, according to Blum and Niss (1991), one of the paramount reasons why
teachers avoid using modeling activities within classroom environment is that teachers
feel unconfident against the questions students may ask during the solution process.
Upon a classical problem, the questions that student may ask are limited and the
teacher’s answer for them is already ready. However, because the nature of the
probable questions to be asked during modeling process is quite complicated, it does
not only lead to a compelling phenomenon for the teacher, but also creates a perfect
environment to improve themselves pedagogically (Doerr, 2006; English, 2003; Doerr
& Lesh, 2003). As a result of these studies, the produced knowledge indicate that
analyzing and interpreting students” ways of thinking play an important role upon the
development of teachers’ (prospective teachers) knowledge related to mathematical
modeling and in-class practices. Hence, the study of students’ ways of thinking

research has been evaluated as a component of the class.

Using technology in modeling

The mathematical modeling of real life situations process is a process that can
be a highly difficult for both teachers and students. According to Johnson and Lesh

(2003), models make up of two main structures as interior — structures (conceptual
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systems) and exterior representational system. Models are used for interpreting,
explaining, and defining the systems and during this process, multiple interactions
among external representational systems exists. Technology enables richness in that it
provides with alternative representational systems and new means of communication
for individuals.

As the nature of modeling activities necessitates, as it keeps various solution
approaches out of various perspectives, that it does not include algorithms which are
not pre-determined, and determining the mathematical operations to be done according
to student’s solution approach, using technology is frequently needed for complicated
mathematical operations and calculations (Johnson & Lesh, 2003). In one of his
studies, Lingefjard (2000) reported that as a result of the modeling activities carried
out within a context that was enriched through technology teachers comprehended
mathematics and their mathematical modeling skills improved.

A successful/efficient mathematical modeling process relies on using multiple
representations flexibly and fluently (Lesh & Doerr, 2003a). According to Goldin
(1998), for conceptual development, multiple representations occupy an important
position on math teaching. Tables, graphics, diagrams or pictures, concrete models,
metaphors, the spoken language and written symbols are the basic various
representational systems (Lesh & Doerr 2003a). While each representation system
brings the different aspect of a concept to the fore, it may disregard the other aspects.
Hence, within a mathematics teaching process, for students to comprehend a concept
with different aspects, it is recommended that multiple representations be taken
advantage (Goldin, 1998; Kaput, 1987). In this context, the potential of technology
that can present different representations simultaneously and easily comes to the fore.
That is why, use of technology has been determined to be one of the fundamental
components of the designed course; depending on the content of modeling activities,
a lesson planning which enables using technological tools appropriately was paid

attention.

Group work

Group work occupies a highly important position in education. After Piaget
handled the development within learning, which VVygotsky referred to interaction with
the social environment can be stated to be the basis of group work method is being

thought to be an important component of teaching environments. In development and

89



learning, it is stated that social, sensational, and cognitive faces interaction is important
and that using group activities in teaching environments is beneficial for multiway
development of children’s thinking skills, past experiences, learning capacities from
their friends and peers (Blachford, Kutnick, Baines, & Galton, 2003). In group work,
there are some benefits as students with various interests and skills will be able to teach
a lot to each other and hence, they will be able to learn more effectively by teaching
each other. However, especially in the context of mathematics education, group work
is not a method that both students and teachers are very familiar with. In using
mathematical modeling within teaching of mathematics, that the group work is an
indispensable method is one the points where the studies done in this field come
together (Blum & Niss, 1991; Lesh & Doerr, 2003a; Zawojewski et al., 2003).

Group works are accepted to be significant in education in terms of social
development of individual. When looked from the perspective of mathematics
teaching, in addition to discussing and refusing a number of mathematical ideas which
are not formal; the group work is the process of creating, developing a mathematical
model or idea and commenting on that idea and combining this idea which is discussed
as a group with its own idea infrastructure (Hoyles, 1985; cited in Ubuz & Haser,
2002). The mathematical semantics that composed in this way is the product of social
interaction and discussion. During the discussion, two different aspects of the speech
may be mentioned: They are those that a person can mention his opinions obviously
and express them in the way that other group members can understand. These two
aspects assist in that a group working explains the work on which they study to other
group members and reach a consensus (Hoyles, 1985). Upon mathematical modeling
activities, the identical role of group work is mentioned as well. According to
Zawojewski and others (2003), in traditional problem solving activities, since what is
expected to be resolved is mathematical (numerical) result, there is no need to be
shared and thus the social aspect is very poor. However, the principles of modeling
and model generalization principles within mathematical modeling activities enable
the model developed to be shared and reused. That the modeling activities have social
functions, which were mentioned above, expresses the notion that it should be done as
a group work with a social aspect. Within modeling activities, during group work
process, in general sense each student is interpreting the problem with his own external
representation and these interpretations are discussed as a group. The most appropriate

model is made up of only after each model that every individual asserts is discussed
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and evaluated. As the model developed during this process shall be used by others,
students need to explain each process, method, and strategy. With the group members’
evaluation of each other in group work, the teacher furthers away being the sole
evaluation source. Of the reasons cited above, group work were determined as one of
the components of the course and were taken into consideration upon planning in-class

modeling activities.

Microteaching

Microteaching can also be defined as a teaching method that comes true by the
practice of the knowledge related to teaching profession that prospective teachers have
theoretically gained and used to enable prospective teachers to obtain teaching skills
and improve them as well.

Microteaching technique offers a real teaching opportunity for prospective
teachers that the real classroom environment confusion is minimized. The researchers
define the microteaching variously. For instance, Allen and Eve (1968) define it as “a
scaled down teaching encounter” and emphasize that “normal teaching encounter have
been reduced and the level of feedback to the teacher has been greatly increased” in
the microteaching (p. 181). However, these definitions include common phenomenon
such as ‘the prospective teachers teach in order to get a certain teaching skill gained
upon a certain subject with a limited number of students within a limited time span
(between 5 and 10 minutes) (e.g., Allen, 1980; McAlesse & Unwin, 1971).

Microteaching is one of the most fundamental elements in teacher education
programs. During microteaching, while a prospective teacher takes the role of the
teacher, the others take the student role. By creating a real classroom environment, the
prospective teacher taking the teacher’s role explain the subject determined by
himself/herself by asking questions within a time span like 5-to-20 minutes.
Meanwhile, the other prospective teachers taking the student role participate in the
course process actively. The video recording of the microteaching, objective
evaluations of the microteaching performance by the other prospective teachers and
the instructor of the course, and the feedback provided instantly make up an important
part of this process. The prospective teacher then is expected to revise his/her plans
after these feedbacks , contemplate a new way of teaching, and practice it (Singh &
Sharma, 2004). In addition to providing prospective teachers with learning experience

via practicing and living, microteaching gets prospective teachers to gain teaching
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experience and skills in that it provides feedback and self-evaluation opportunities in
the view of prospective teachers see their deficiencies and errors (Lakshmi, 2009). In
a course planned to improve the pedagogical knowledge of prospective teachers’
related to modeling in teaching process, with the idea that microteaching must be an
indispensable component; it was decided that the content of this course must be a
subject that needs to be focused on.

3.4 The Research Procedure

Under this section, the research procedure was reported in details in accordance
with the key components of the course that were mathematical modeling activities,
students’ ways of thinking works, the use of technology, group work, and

microteaching carried out by researchers and participants.

3.4.1 Pilot Study

“Mathematical Modeling for Prospective Teachers” course was offered every
semester starting 2010-2011 Fall semester at Secondary Science and Mathematics
Education Department of a public university In the first two semesters,
implementations that new ideas may be developed upon determining the key
components in the content of the course first two semesters and how to deal with these
components in the course of lesson were fulfilled. In these two semesters both, 7 to 8
modeling activities were implemented and they served to the targets of developing and
revising the implementations, and choosing the activities to be used in Fall semester
of 2011-2012 (pilot study) and in the original study. In all three semesters in the
context of pilot studies, great experiences were gained about the subjects such as
managing the solution process of modeling activities, determining the phenomenon to
focus on in reflection papers, maturing the ideas that prospective teachers developed
during the process by creating efficient discussion environments. In the pilot study, 18
third and fourth grade BA students and three graduate MA students who study at
elementary mathematics education program, totally 21 prospective mathematics
teachers enrolled in the “Mathematical Modeling for Prospective Teachers” course.
Twenty-one prospective teachers were divided into seven groups with three members
in each. Throughout the fall semester, the planned course program (see Appendix A)
was implemented by the course instructor and three researchers; one of them was the

author of this dissertation. Survey forms, mathematical modeling activities and
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students’ solution sheets, reflection papers written after the implementation of each
modeling activity, focus group and individual interviews (semi-structured),
observations supported with audio and video recordings, lesson plans, and
presentations of prospective teachers through implementation experiences
(microteaching) were the data resources of the pilot study. After the pilot study, the
obtained data analyzed by three researchers collaboratively. According to results of
the pilot study, some improvements and arrangements were made in the original study

plan (see Appendix B).

3.4.2 Implementation Process of Designed Course

In the theory part and in the planning and the application parts of this chapter,
the how of the determining process of the main components of the modeling class for
the prospective teachers and the types of the applications in the curriculum were
explained in detail. In this section, the core implementation processes of the designed
course were presented in details. The core components of the course and the
implementations were explained first and afterwards the overall flow of the course
were reported.

3.4.2.1 Studies on solving mathematical modeling activities

For the main study, six modeling activities, “The Summer Job”, “The Ferris
Wheel”, “The Street Parking”, “The Bouncing Ball”, “The Free Roller Coaster”, and
“The Water Tank”, are planned to be worked on with prospective teachers (see
Appendix C). As the attendance was low on the first week of the class (3-4 students),
the modeling activities were delayed for a week just like other implementations;
however there were no problems in the implementations afterwards.

In the pilot study, there was a serious timing problem in the classroom
implementations of modeling activities; the time was not enough for group
presentations and for the classroom discussions; hence, the planned theoretical
presentations and discussions were not held. As a result, for each activity specifically
detailed implementation plans were developed for the original study, and the timing
was made more realistic (see Appendix D). Even though the specific implementation
time of each implementation is different from the rest, a general timing organization
was prepared such as five minutes for individual work, 90-120 minutes for group work

and 30-50 minutes for classroom discussion. Thanks to the detailed preparation of the
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implementation plans and the creation of a more realistic time scheme by means of
increasing implementation durations, there were no serious timing issues during the
classroom implementation of modeling activities. Group presentations and the
classroom discussions were held during the implementation of modeling activities.

During the group presentations, a documenting camera was used. By reflecting
from the documenting camera, the group solution paper was shared with the class.
Thus, the presenter was able to show their solution steps to the class more easily while
their classmates were able to follow the solutions of the groups more clearly. When
the solution papers of the groups were reflected on the screen during the presentation,
they were scanned at the same time by using the documenting camera to have them
computerized. At the end of the class, an e-mail of all the group solutions with the
computerized copy attached was sent to their relative groups. The computerized
attachment of the solution papers was quite beneficial for those students who are at the
stage of writing a reflection paper. Compared to the implementations at the pilot
studies, we can say that the group presentations and the classroom discussions were
more systematical and less prone to errors in the original study. During the
implementations process of activities, the researcher acting as the instructor tried to
play his/her role in the best possible way and the implementation plans, which were
prepared in great detail to complement the plans, guided the researcher well (see
Appendix D).

3.4.2.2 Group work

Twenty-five students, nineteen of whom was on their third and six of whom
was on their 4th or 5th years, enrolled to the course. For the class, from the first activity
on, the prospective teachers were grouped in three and in four members in each group
and scheduled to work with the same group for the modeling and the students’ ways
of thinking activities together. The grouping process was left to the preferences of the
students at the beginning and afterwards the newcomer students randomly grouped by
themselves. As the attendance was at its lowest at the first week, the 25 students, who
registered for the class at the second week, grouped in three and four members in each
groups to form seven groups in total. Three of the groups contained three members
and four of them contained four members each. Students carried on all of the group

activities with their group mates during the semester.
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3.4.2.3 Technology usage in the modeling

For the class, at the second week, a general presentation about the usage of
technology in mathematics education was held and it was followed by a small
workshop on the MS EXCEL, a spreadsheet software, for an hour (see Appendix B).
For the implementation of the following modeling activity, enough graphic calculators
(Casio ClassPad) were brought to the class and given to the students who needed them.
The researchers, including the author of the current study, acted as observers and

helped the students when they encountered problems in using the calculators.

3.4.2.4 Classroom works on students’ ways of thinking

Among the six modeling activities, the prospective teachers chose four called
“The Free Roller Coaster”, “The Bouncing Ball”, “The Street Parking”, and “The
Water Tank”, and planned group and class discussions using the classroom video
episodes and student solution papers. The planned activities on students’ ways of
thinking were implemented on the 6th, 8th, 11th and on 13th weeks (see Appendix B).
As mentioned before, due to not having classes on the first week, these activities were
applied with a one-week delay.

Analyzing students’ ways of thinking activities contains studies including both
the written and the visual-auditory students’ ways of thinking in the form of “student
solution papers and video episodes of the student solution papers”. In accordance with
the purpose of analyzing students’ ways of thinking activities, written and visual work
of the students are gathered from in-service part of the same project. These works are
chosen and organized according to some specific directives in order to be used in these
studies. Below, the preparation and the application process of the student solution
papers and video feeds are given in detail.

Preparation of student solution papers and video episodes

For each activity that was planned to be used in the class, all student solution
papers gathered at the classroom implementations of in-service part of the project were
examined (approximately from 10 — 12 different groups) and for every activity,
solution papers from 4 or 5 different student groups that contain different approaches
to the same problem (whether they are right or wrong) were chosen. The reason why
the number of the student solution papers was limited to four or five is eliminating the

sheer number of papers would allow prospective teachers to work and analyze in more

95



detail as solution papers were supported with video episodes. Thus, in the elimination
process of the papers, variety in the understanding and comprehending the question;
the usage of different mathematical subjects, concepts and signifiers; the mistakes in
arithmetical, geometrical, logical and intuitive areas; trouble with some concepts and
processes and finally representing the thought patterns of students were some of the
points taken into consideration. In addition to the written work of the students, video
episodes that support these works were also supplied. Before editing the videos, two
researchers watched all of them repeatedly with great care in order to create a
consensus on which parts of the videos would be used. The editing of the students’
videos was done in three different ways. The first type of the video episodes belonged
to student solutions and they are derived from videos of student presentations during
classroom implementations. The second type of the video episodes were the videos of
a focused group during the classroom implementations. In other words, these are the
videos showing the processes of students’ mathematical thinking in more detail. The
type of the video episodes were the videos showing the general a modeling process of
implementation of modeling activity. These videos showed the solution processes of
groups (their first approaches to the solution, their arguments during the process, the
solutions they came up with, the student mistakes and difficulties they had faced), the
solution approaches they developed and reflected the role of the instructor during the
implementation of the modeling activity.

“Windows Movie Maker” and “Wondershare Video Editor” are the programs used
in the video editing process. In accordance with the criteria defined above, the selected
parts of the classroom implementations are cut with these programs and combined in

a logical way to create 7-8 minutes of video clips.

3.4.2.5 Presentations and classroom discussions

It was previously mentioned that during the modeling course, the six modeling
activities, which the prospective teachers worked on with their group mates, would
help the development of important ideas and capabilities of those teachers about the
classroom implementation of mathematical modeling as it was stated in the objectives
of the course. As it was in the pilot study, in addition to the knowledge developed in
this practice, it was decided that the classroom discussions supported with theoretical
presentations on classroom implementations and discussions on the nature of

mathematical modeling would be effective in providing prospective teachers with
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theoretical knowledge as well. Thus, on the 5th week “Classroom discussion on the
pre-evaluation of modeling activities”, on the 5th and on the 9th weeks “Presentation
and discussion on the nature of modeling activities”, on the 6th week “Presentation
and discussion on the effective group work”, and on the 7th week “presentation and
discussion on the role of the teacher in modeling activities” were planned (see
Appendix A).

As there were no classes on the 1st week, all applications had shifted a week.
“The pre-evaluation of modeling activities” and “Presentation and discussion on the
nature of modeling activities” were planned to be held on the 5th week. In the regular
plan, the classroom discussion on these two subjects was to be held on the 6th week;
however, since the “Work on students’ ways of thinking with the Street Parking” took
longer than a class hour, no other applications could be held that week. As a result,
“The pre-evaluation of modeling activities” and “Presentation and discussion on the
nature of modeling activities” could only be held at the 7th week, after the
implementation of “the Bouncing Ball” activity (see Appendix B). In these
discussions, prospective teachers sharde their thinking on the nature of the modeling
activities in accordance with the four modeling activities they have solved and three
modeling activities they have studied, the modeling process, definition of modeling,
and how the classroom implementations should be in addition to the weekly reflection
papers that they have written.

Again in the original study plan, the discussion and the presentation on
“Effective group work” was planned to be held on the 6th week, the discussion and
the presentation on “the Teacher’s role in the implementation of modeling activities”
was planned to be held on the 7th week, and the discussion on “The Nature of modeling
activities and the modeling process” was planned to be held on the 9th week; however,
these discussions was held in one single session in the original study. At the 8th week,
a two-hour discussion, where each and every one of these topics were mentioned, and
spontaneously theoretical presentations were held. The researchers decided to carry
out all these presentations, which were planned to be held in three different weeks, in

one single week.

3.4.2.6 Microteaching

Since the role of the teacher is vastly different compared to the traditional

methods in the classroom implementation process of the modeling activities, it was
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thought that it would be beneficial for the prospective teachers if they presume the role
of the teacher in a modeling implementation of their own design. In the original plan,
it was planned that the three weeks of the class (the 12th, 13th and the 14 weeks) were
to be reserved for implementation experience of prospective teachers. However, since
there were no classes on the first week, the 10th week was reserved for the midterm
exams, and the school was vacant at that week, we lost two weeks of the planned
program. Hence, we were able to reserve only a week to microteaching. Since it was
impossible for seven groups to present their applications in one-week, after arranging
with students, we had extra classes after the semester was completed. This week, which
is shown as the 16th week of the program schedule at Appendix B, was used for
implementation experinces of prospective teachers. In other words, the
implementation experience that was planned to be three weeks could only be done for
two weeks due to the lost time. On the 15th week, three groups and on the 16th week
four groups implemented their modeling activity in 45 to 60 minutes.

Since the groups consisted of three to four members, groups were asked to be
organized in manner at which one of the group members was in the role of teacher
during the implementation process while the others observed the groups and took
notes. Prior to the implementation, the prospective teachers created an implementation
plan as a group and during the implementation, they were asked to bring the plan to
the class so that the researchers could have a copy of it. Besides, the prospective
teachers wrote individual reflection papers on the implementation experience (see
Appendix M).

3.4.2.7 Revisions in course schedule

Even though the changes are mentioned briefly above under for each
implementation, it could be list the changes in the program schedule in short as

follows, (see Appendix A and B):

e On the first week of the semester, the class was not held due to low attendance.

As a result, all implementations were conducted with one-week delay.

e Because of the delay, the “The pre-evaluation of modeling activities” and “The
nature of modeling activities” presentations and discussions was supposed to
be held on the 6th week. However, the implementation of “the Street Parking”

activity on students’ ways of thinking took longer than expected; it was not
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possible to hold the previously mentioned presentations and discussions. This
theoretical presentation and discussion studies took place at the 7th week, after

the implementation of “the Bouncing Ball” activity.

The theoretical presentation and classroom applications that were supposed to
take place on the 6th, 7th and on the 9th weeks of the planned program were
held on the 8th week and accomplished in one session. The reason of this
change in the program was that the students’ ways of thinking activities took
longer than expected. During the planning, activities of analyzing students’
ways of thinking were given 100 minutes each and expected to be followed
with theoretical presentations and classroom applications immediately

afterwards.

The fact that during the midterm exams, the classes are not held in the
university where the implementations take place was not foreseen during the
planning process. Thus, in the original study, classes could not be held during
the 10th week. For this class, at the final exam week, a make-up class was held

in a date arranged and decided with all students.

“The General Evaluation” (Survey forms and discussion) study was planned to
be held on the last week of the classes; however, it took place on the 14th week,
before the implementation experiences of prospective teachers in the actual
implementation. The reason why the “General Evaluation Study” took place
two weeks before the planned time as it was considered that with the

approaching final exams, there could have been a decline in the attendance.

Even though the implementation experiences were planned to be held for three
weeks on the 12th, 13th and the 14th weeks, due to the loss of time on the first
week, the actual implementation took place on the 15th and the 16th weeks for

two weeks.

3.4.2.8 The role of the researcher

Since this study was carried out as a part of much larger project, pre-service

teacher education part of the project were conducted by four researchers. In addition

to the instructor of the course, three researchers (scholarship students/bursars), one of

them was the author of the current study, also participated in the class for data

collecting (taking observation notes about the application) and for technical help
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(videotaping, maintenance of voice equipment, technical help with projectors etc.).
The author of the current study and other observers did not take part in the teaching
process or facilitating in the group discussions and in the class presentations; whereas
they observed the class or a specific group. Each researcher was also in charge of a
camera and did not take part in any other activity than observing the groups they taped.
In the pilot study process, some decisions were made concerning how researchers

should act during the class. These are;

e The researchers will plan the class extensively and in the day before the class
will meet with the instructor of the course to share the planned process with

them with all details.

e The solutions of the activities that will be applied and different solution
approaches (if any from the previous applications) will be presented to the
researcher conducting the class extensively.

e As long as it becomes necessary, nobody other than the instructor will

participate in-class activities.
e The students will ask their questions only to the instructor.

e During the application of the activities, nobody other than the instructor will

interact with the students, including the groups they observe.

These decisions were conducted by the researchers with great care. Preparations for
the class and the planning of the class were completed by the three researchers before
the semester started. Besides, the lesson plan and a class preparation meeting about
what would be done that week was conducted with the researcher conducting the class
every week, a day before the class and before almost all classes. In these meetings, the
planned contents of the class were examined and the implementation plans were
finalized. In addition, after every class, an evaluation session was held and the plans

of the next class, as well as the semester plan was overviewed.

3.4.2.9 Classroom organization

Since the classroom, in which the implementation was carried out, was suitable
for group work, on the first week no additional organization was necessary. Seven of
the eight tables in the class was given to allot for the students’ use. The distance

between the groups was adjusted in a manner that will minimize the interaction
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between the groups. After organizing the class, the camera was placed in the best
possible place to record the interaction between the group members and groups. The
three groups to be recorded was decided during the introduction meeting at the second
week and during the semester, these same three groups were recorded. In addition, a
fourth camera was placed to oversee the general state of the class and to record the
classroom discussions. In addition to the video recording, the discussions of all groups

was recorded with a voice recorded.

3.5 Data Collection

Since the current study was conducted as a part of much larger project, the data
used in this study was collected with the project data synchronously. The data used to
achieve the goals of the study were gathered using (i) survey forms (pre- and post-),
(ii) studying papers that prospective teachers used during the modeling activities, (iii)
observations supported with video feeds and voice recordings, (iv) reflection papers
that prospective teachers wrote down after each modeling activity, (v) semi-structured
interviews, (vi) students’ way of thinking sheets, (vii) the lesson plans prepared by the
prospective teachers, and (viii) the presentations of the prospective teachers
(microteaching). Below, it was explained in detail how each of these data resources
are used during the application process.

3.5.1 Data Collection Tools and Procedures

Under this section, instruments that were used in collecting data and how data

were gathered throughout the study were described in details.

3.5.1.1 Survey Forms

In addition to the classroom observations, the change in students’ thinking
about and ideas on the usage of mathematical modeling was planned to be recorded
with two survey forms at the beginning and at the end of the semester and the plan was
conducted (see Appendix G and Appendix H). On the pre-survey form, the prospective
teachers were asked to evaluate mathematical modeling in general, their knowledge
on mathematical modeling activities, their ideas on the advantages and disadvantages
of using modeling activities in mathematics classes and the role of mathematical
modeling in students’ comprehension of mathematical structures. These pre-survey

forms took place on the 2nd week of the semester. The post-survey form took place at
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the “General Evaluation” meeting at the 14th week of the semester. The questions of
the post-survey were similar to that of the first one; however, this time the students
also included a general evaluation of the class. Both surveys took approximately 60
minutes. During the classroom discussions and with reflection papers, the prospective
teachers thought on the subjects given in the survey forms and explained their
opinions. It can be said that the surveys were an important source of data in terms of

letting the teachers present their thinking in a compact manner.

3.5.1.2 Modeling Activities

The solution processes and the reports of the modeling activities were the core
element of the content of the course and they were designed as a basis for prospective
teachers to develop important ideas concerning other components. For mathematical
modeling and the classroom implementations, six activity implementations, which
were predicted to develop the basic knowledge and the skills, were planned. These six
modeling activities (see Appendix C) were chosen from activities that were tried out
as the pilot of the project in high schools and undergraduate level primarily. On the
order of the implementation of the modeling activities, factors such being consecutive
in nature and reflecting the nature of modeling process were taken into consideration.
Thus, the activity called “The Summer Job”, which we thought to reflect the modeling
process and its nature the best, as the first activity. After that, activities called “The
Ferris Wheel” and “The Street Parking” were chosen in relation to the trigonometry
subject. “The Bouncing Ball” activity was chosen as it was more structured and the
solution path was more defined. “The Free Roller Coaster” and “The Water Tank”
activities were chosen as the last two activities as they were related to graphic reading,
functions, and derivatives.

All of these activities were also applied on high school level. Four of the
activities that were used on high school level were used to make the prospective
teachers examine and analyze the students’ ways of thinking documents. The
implementation duration of the activities were shown on the implementation plans that
were prepared specifically for each activity (see Appendix D). The first five minutes
were allotted for individual reflection and working on the activity, the next 90-120
minutes were allotted for group solution of modeling activities and the last 40 minutes
were allotted to the students’ presentations about modeling activities with the class and

to the classroom discussion. The instructor used the previously prepared activity
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implementation plans as a guide at the implementation of the activities (see Appendix
D). The group solution papers of the modeling activities were collected at the end of
each implementation. Additionally, the solution papers that were reflected on the
screen via documentary camera were electronically saved. The group solution papers

will be used during the data analysis process together with the other data sources.

3.5.1.3 Reflection Papers

The prospective teachers were asked to write a report (reflection paper) after
each activity in accordance with the reflection paper directive and the plans (see
Appendix I). For each one of six the implemented modeling activities, the prospective
teachers wrote reflection papers. After the implementation of first activity, the papers
were read by the three researchers and the students were given detailed feedbacks.
After the first reflection paper, the instructor gave a general evaluation presentation
about developing the missing points in their reflection papers (see Appendix J). The
later redlection papers were graded out of twenty and the students received feedbacks
weekly. In addition, the students wrote a reflection paper after the activities of
analyzing students’ ways of thinking in accordance with the previously prepared
directives (see Appendix F). After analyzing students’ ways of thinking, which was
conducted with four activities in total, reflection papers on students’ ways of thinking

were graded out of 10, and the students were given feedbacks.

3.5.1.4 Focus Group Meetings

For the prospective teachers, focus group meetings about the reflection papers,
which they prepared about the activities they conducted, were planned. These
discussions took place in the class for 15-25 minutes with the participation of all the
students after each activity. In these discussions, subjects like mathematical concepts
embedded in each activity, possible solution approaches and how, when and on which
level they can be used at high school level were discussed. Additionally, at the 7th and
the 8th weeks, a general classroom discussion following presentations on “the nature
of modeling activities/The modeling process” and “The role of the teacher during the
implementation of modeling activities”. After the implementation experiences of
prospective teachers, 10-15 minute meetings were held with the group about the
implementation they carried out. In these meetings, the groups were asked about their

expectations before the implementation process and their opinions on the
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implementation experience. The aim was to let prospective teachers reveal what they
learned and developed during the classroom implementations of modeling activities in
theory and in practice. All meetings were recorded with a voice recorder so that they

could be used in the data analysis process to answer the research questions.

3.5.1.5 Observations Supported with Audio/Video Recordings

Three researchers (one of them was the researcher of the current study) other
than the researcher who were the instructor of the course participated in the class as
observers. During the research, four cameras and seven voice recorders were used.
Two of the researchers observed two groups chosen at the beginning of the semester
while the other overviewed the general atmosphere of the class with a camera recorder.
The author of the current study used one the cameras to capture the general atmosphere
of the classroom and to observe the actions of instructor overlooking the groups. A
forth camera was used to record the studies of other groups without the consulting of
a researcher. In addition to the cameras, the working process of each group was
recorder with voice recorders, as well. The observations took place as two researchers
observing the same group during the semester while the researcher of the current study

observing whole class and taking notes.

3.5.1.6 Semi-Structured Interviews

Individual interviews that aim to reveal the group study process and the
individual thinking processes had been held (see Appendix K). In the choosing process
of the students to be met, two principles were taken into account, which were having
a representative from each group and volunteering. With every student that had been
chosen in accordance with these principles, ten meetings were held during the
semester. Six of these meetings happened after the implementation of modeling
activities and four of them happened after activities on students’ ways of thinking. The
timing of the meetings was decided at the beginning of the semester for the free time
of both the researchers and interviewees. Moreover, all along the semester, these
meetings were done with the same prospective teachers by the three researchers. With
the permission of the prospective teachers, the meetings were recorded. Each meeting

took approximately 30 minutes.
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3.5.1.7 Lesson Plans

In the original course plan, after the implementation of six modeling activities,
preparing lesson plan activities were planned. To achieve this, the prospective teachers
held a group for the activity called “the Water Tank”, which they have solved before,
and created a lesson plan to implement the modeling activity to 10th grader students
(see Appendix B, 13th week). During this study, implementation plan developing form
was used (see Appendix L). The implementation plans created by the groups were

shared with the class and a class discussion was held.

3.5.1.8 Microteaching experience

The preparing implementation plan activity at the 13th week of the class was
an important experience for the students’ creation of lesson plans for the
implementation of activities that they have developed as a group. The last two weeks
of the class was reserved for the microteaching activities in which the students were to
implement the modeling activities they created as a group in class. The groups first
developed a modeling activity. Before the developed activities were applied, the
groups studied on an implementation plan and they submitted the implementation
plans to the course instructor. After the implementation experience, each group wrote
an individual reflection paper according to a directive (see Appendix M). Additionally
with every group, a 10 — 15 minute meeting, which was recorded, about the
implementation experience was held. The implementation experience plans, the
observations during this implementation process, the individual reports of the
prospective teachers and the meetings after will be essential data sources for the
research questions on the classroom implementations of mathematical modeling and
the pedagogical knowledge of the prospective teachers.

The data were collected from all of the participants except semi-structured
individual interviews. Interviewees were selected voluntarily among each group who
were representatives of their groups in order to reveal the group study process and
individual thinking processes (see Table 6). That is, researcher interviewed with seven
prospective teachers from each group after the implementation of each modeling
activities.

While reporting the results obtained from data analysis, it is not possible to
report the development of all prospective teachers by presenting each stages the

prospective teachers passed through due to the nature of case study research.
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Therefore, four groups (Group 1, Gorup 2, Group 5, and Group 7) were selected from
seven groups by mathching the groups in which prospective teachers stated similar
views and showed similar developmental stages in their thinking. In order to reflect
the evolution of prospective teachers’ thinking about mathematical modeling and
modeling activities, the researcher presented excerpts and episodes mostly from the
representatives of four groups (PT17, PT14, PT9, and PT24) to present the change in
other prospective teachers’ thinking about mathematical modeling and modeling
activities for answering the first research question. Prospective teachers who indicated

different views apart from others about the issues also designated.

Table 6 Interviewees selected from each group

Groups Group representative  Class Number of members
Group 1 PT17 4 3
Group 2 PT14 3 4
Group 3 PT5 3 3
Group 4 PT10 3 4
Group 5 PT9 3 4
Group 6 PT23 5 3
Group 7 PT24 3 4

In order to demonstrate and gain an insight about what was going on about
discussions occured in each group, the views and thinking of group representatives
were presented in the tables and episodes as much as possible. Evidence that reflects
almost all of the prospective teachers’ thinking were presented throughout the results

chapter.

3.6 Data Analysis

In general, qualitative data analysis consists of four stages, which are (1) coding
data, (2) establishing themes, (3) arranging data with respect to themes and codes, and
(4) interpreting obtained findings (Yildirim & Simsek, 2008). In the analysis of the
data, conceptual framework was developed through the analysis of previous studies
and the grounded theory approach (Glaser & Strauss, 1967; Strauss & Corbin, 1998).

106



The data were coded by “creating provisional start list of codes prior to field work”
(Miles & Huberman, 1994) and using open-coding technique (Glaser & Strauss, 1967,
Creswell, 2006).

3.6.1 Arranging and Coding Data

The data analysis illustrated as “There is no particular moment when data
analysis begins. Analysis is a matter of giving meaning to first impressions as well as
to final compilations” (Stake, 1995, p. 71). Analyzing process began with organization.
The data obtained by using different methods were primarily organized. The written
documents that were belonging to students’ classroom works were transferred to
electronic environment. Solution reports for the modeling activities, lesson plans,
works for the nature of mathematical modeling activities, and students’ reflection
papers were scanned and their electronic copies were created. Classroom video records
and interviews were transcribed. After the creation of electronic copies of the data,
these were transferred to a qualitative data analysis software Nvivo (v. 8) (QSR Int.,
2008). Then, the coding stage started with the coordination of three researchers, whose
one them was the researcher of the current study. Coding defined as “the process of
segmenting and labeling text to form descriptions and broad themes in the data”
(Creswell, 2011, p. 243). The following way was pursued when coding and in-depth
analysis: First, to answer each research question, data resources and instruments were
determined for each research question. By reviewing the available conceptual
frameworks and used terminologies that were related to how to analyze the data and
can be used in naming codes, estimated codes and themes that might arise in relation
with each research questions were identified. Then, the subject of each research
question to be associated with which dimension of the research and what would be the
subcomponents of each dimension, the data were restarted to be analyzed after the
determination of conceptual frameworks. The researcher classified the data resources
according to research questions by reviewing the relevant data resources.

The analysis of the data began after the classification of data resources and
determination of conceptual framework. Since almost all of the data sources included
qualitative data, qualitative data analysis conducted. While making qualitative
analysis, data were analyzed according to data sets one by one. For instance, first,
prospective teachers’ reflection papers were analyzed. Because of this primary

analysis, researchers created temporary code list that came from the profound
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investigation of prior research and field. Then, transcribed interviews were analyzed
and new codes were combined with the list of codes from previous data sets. The final
version of code list obtained after the analysis of all of the data sets. In order to
establish a consensus on naming codes, each researcher examined the same data set
individually. Then, researchers conducted the works together like determining
repeated codes and specifying new codes for newly arising situations and naming
codes. In the parts that researchers had different thoughts, the arising situations were
analyzed in-depth by researchers together and researcher coded these situations when

they reached 80% agreement level with other two Ph. D. students in the same project.

3.6.2 Establishing and Organizing Themes

Code list that were obtained after the analysis of all data sets were examined
by the researcher. Before starting to data analysis, related codes in the code list were
grouped up under the themes by taking the themes that were emerged during the
literature review into account. The work of naming themes was carried out by
researcher and two Ph. D. students who worked for the same project. The findings of
the research were interpreted by using themes, which were obtained after the data

analysis, and its sub-dimensions.

3.7 Reliability and Validity Issues

Reliability and validity concerns are not only in quantitative research
terminology, but also in qualitative research designs. Nevertheless, these issues have
not the same meanings in quantitative and qualitative research approaches. Validity in
qualitative research designs defined as checking for correctness of the findings that
involves a set of procedures within and the reliability in qualitative approaches means
that “the researcher's approach is consistent across different researchers and different
projects” (Gibbs, 2007; cited in Creswell, 2009, p. 190). In order to maintain reliability
in qualitative research designs, for example in case study research, several
recommendations expressed by various researchers. For instance, Yin (2003) offers
that procedures of case studies ought to be documented and these ought to be captured
in a database. Gibbs (2007) recommended various reliability methods. These are
controlling transcribed data whether there exist any apparent mistakes in the process
of transcription, ensuring that there is no problem with codes in terms of definition and

meaning, inter-reliability checks (crosscheck) between coders (cited in Creswell,

108



2009). Miles and Huberman (1994) suggested that it is need to be at least 80% of time
in the agreement in order to maintain satisfactory qualitative reliability.

Although many researchers mentioned about reliability and validity issues
using different terminologies (e.g., Stake (1995) and Patton (2002) uses
“triangulation”, Yin (2009) prefers “a chain of evidence”), Lincoln and Guba (1985)
opted credibility, transferability, dependability, and confirmability instead of internal
validity, external validity, reliability, and objectivity respectively. Lincoln and Guba
(1985) indicated the reason for their preferences, as suggested terminologies are more
appropriate for qualitative research approaches concerning their natures. Several
validity strategies proposed in order for supplying and showing evident for the
principles. According to Lincoln and Guba (1985), prolonged time in the field, data
triangulation, and member checking are suggested procedure in order to fulfill
credibility principle. Transferability principle is supposed to be supplied with using
rich, thick description of settings. The dependability principle need to be evidenced
with presenting dependability audit. As the last principle, confirmability, ought to be
supported with confirmability audit.

Within the current study, prolonged time in the field was satisfied by pursuing
the following procedure: The study with its piloting phase took almost one year (two
semesters) to complete. In this period, the researcher built a profound understanding
of the phenomenon and detailed information about the setting and participants. Since
the current study carried out with much larger project and the researcher had dual role
within these studies, the researcher became familiar with participants in their real
settings.

In the study, distinct data resources (e.g., survey forms, transcriptions obtained
from semi-constructed one-to-one interviews and classroom discussions audio and
video recordings, focused group interviews, reflection papers, students’ solution
papers for modeling activities, lesson plans, presentation reports, field notes,
observation notes, etc.) were utilized to satisfy the data triangulation. This provided
the researcher to construct a sound justification for themes and codes.

After the implementation of “Mathematical Modeling for Prospective
Teachers” course, the data analysis was started. The researcher established themes by
using open-coding method. When coding session completed and themes got the latest
version, the report written by the researcher shared with some of the prospective

teachers (due to the difficulty to reach all participants in summer holiday), who
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attended the implemented course, in order to get their comments about the correctness
of themes and about interpretation made by the researcher (member checking
procedure). The participants responded the reports positively and most of them
commented that established themes and the findings of the study reflected their
thinking as it was like in the transcripts of audio and video records. The field notes and
observations made by the researcher also checked out by the participants in order to
eliminate possible misunderstandings.

In the results chapter, in order to reflect the development of prospective
teachers’ thinking about mathematical modeling and its use in the classroom setting,
rich and thick descriptions of findings made by the researcher. When it is looked the
findings, direct participants’ quotes, and one-to-one interviews transcripts were
utilized to support the findings. In this wise, the audience of the current study can
follow the findings one their own and make their own conclusions by interpreting the
given data.

In order to ensure the reliability of the data collection procedure and coding
process, two researchers who worked in the same project as Ph. D. students in
mathematics education checked. Gibbs’ (2007) suggested reliability procedures
applied in the period. The researcher and his two colleagues coded the analyzed data
independently and they developed crosscheck codes. According to inter-rater
dependability, it was reached 84% intercoder agreement (Creswell, 2009; Miles &
Huberman, 1994) on these codes (dependability audit). Specifically, the coders
disagreed in coding and categorizing the prospective teachers’ thinking about the use
of mathematical modeling activities in their future classrooms in terms of the aim of
use (cognitive-affective), the frequency of use, the place of use (before the subject
matter or after etc.), and the method of use (individual-group). Afterwards, all
researchers reached the agreement on the non-agreed codes by comparing and
contrasting by describing how they define and establish their codes.

Two researchers were also confirmed the obtained raw data in order to validate
the findings, interpretations, conclusions, and recommendations in the current study
that could be deduced the consequences from the obtained raw data (comfirmability
audit).
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CHAPTER 4

RESULTS

In this chapter, the results of the current case study research that were obtained
from an in-depth data analysis procedure are presented. In reporting, findings were
presented according to chronological order in order to reflect prospective teachers’
progress.

Since we are dealing with the prospective secondary mathematics teachers who
took the “Mathematical Modeling for Prospective Teachers” course as a class, my
research questions are mostly associated with tracking their progress. Our unit of
analysis is to note if there are any changes in conceptions of prospective teachers about
the use of mathematical modeling in the teaching of mathematics. We also note
whether prospective teachers’ thinking about pedagogical knowledge of mathematical
modeling developed or not during spring semester in 2012. In order to demonstrate the
overall changes and progress, evidence was presented by giving direct quotations and
episodes are shared from the selected participants in interviews and from other
prospective teachers.

Firstly, the findings about the change in conceptions are presented in
chronologic order providing that the change in prospective teachers’ conceptions about
mathematical modeling and its use was observed by the audience. Secondly, the
findings about the development of prospective teachers’ thinking about pedagogical
knowledge of mathematical modeling of prospective teachers in classroom
environment will be presented again in chronological order to reflect the development

in the process.
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4.1 The Evolving Conceptions of Prospective Secondary Mathematics
Teachers on Mathematical Modeling and about the Nature of Modeling

Activities

It is crucial that prospective teachers’ conceptions and descriptions of
mathematical modeling and their conceptions about the use of mathematical modeling
in the classroom setting are understood in order to conduct modeling activities
successfully. Therefore, prospective teachers’ preexisting knowledge and conceptions
about mathematical modeling were determined by using pre-survey forms including
open-ended questions at the beginning of the semester. The results are reported
according to how conceptions of prospective secondary mathematics teachers about
mathematical modeling and its use in classroom evolve throughout the semester. Rich
details are also provided from their written documents, interview transcripts,
transcripts obtained from audio and video records, and episodes from recorded videos
in chronological order.

4.1.1 Prospective Teachers’ Conceptions of Mathematical Modeling

Two survey forms were given to prospective teachers before and after the
course implementation. Prospective teachers’ descriptions about mathematical
modeling were analyzed according to their answers on both longitudinal surveys. The
findings showed that almost all of the prospective teachers had a conception that
mathematical modeling is related to using concrete manipulatives and visualization of
abstract mathematical concepts before taking the mathematical modeling course. Few
prospective teachers who enrolled in the course indicated that they had taken a
modeling course that was different from the current course in terms of instruction
methodology, content, and purposes. Even though the content and purposes of the
courses are distinct, the prospective teachers who had attended modeling courses
before had their own description of the mathematical modeling concept.

Prospective teacher, PT17, was a member of group 1 in the classroom. The
members of group 1 said that they had taken a course on modeling. Therefore,
prospective teachers in this group showed that they had a preexisting conception about
mathematical modeling. In an open-ended pre-survey, PT17 wrote, “Mathematical
modeling is the exemplification of a mathematical concept by relating it to real life.”
This quote demonstrates that PT17 had a clear description of mathematical modeling

at the very beginning of the semester. After the implementation of the modeling
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course, post-survey forms were given to prospective teachers in order to identify what
they learned from the course about mathematical modeling. PT17 illustrated the
mathematical modeling as “making a relationship between a mathematical problem
and a situation in daily life, and the object or situation which is associated with it is
called as model.” It is understood from the quote that PT17 developed her modeling
description from exemplification to relating mathematical problems to real life
situations by adding the new model definition. This situation shows that PT17 changed
her thinking and definition of mathematical modeling after the implementation of the
course.

PT14 was one of the prospective secondary mathematics teachers and
participated in the study as a 3" grade student. She was a member of group 2 that
included four members. In the pre-survey form, PT14 indicated that she had often
heard about mathematical modeling as a concept and had encountered it a lot. She
illustrated mathematical modeling as follows:

I think mathematical modeling contains the methods and techniques which are used for facilitation,
using concrete manipulatives, and visualization of teaching and comprehensibility in mathematics
education. For example, a mathematics problem can be rendered as more meaningful and

interpretive by using a computer. It will be important for teachers to facilitate understanding and
give form to mathematics by using techniques like these (PT14, pre-survey form).

From this quote, for PT14, mathematical modeling is using concrete manipulatives
and visualization of mathematical concepts rather than relating real life situations to
mathematical concepts. It is indicated in the section above that most of the prospective
teachers denoted mathematical modeling as using concrete manipulatives and
visualization of mathematical concepts. PT14 was one of those prospective teachers
who agreed with the mathematical modeling illustration given in the quote above.
Although PT14 depicted the mathematical modeling as using concrete
manipulatives and visualization of mathematics and mathematical concepts, it is
understood from her comments in the post-survey form that she changed her
conception of mathematical modeling to include the relation between mathematical
concepts and real life situations.
Mathematical modeling is the process of finding a solution for situations or events that creates a
problem for teachers in daily life by using mathematical concepts and mathematical ideas.
Nevertheless, we could not find the solution for every event, situation, or concept by approaching
it mathematically. That is, we could not produce a mathematical model for each different kind of

event. The problems that we considered mathematically or found solutions for by incorporating
the mathematics itself are models for us (PT14, post-survey form).
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In the comment above, PT14 points out the relation between the mathematical
concepts and real life situations. It is clear from the above excerpt that PT14 changed
her conception of using concrete manipulatives and visualization of mathematical
concepts to making parallels between mathematical concepts and real life situations.
She also stated that there are situations that arise where no solution could be found for
that specific event using mathematical modeling activities. It can be drawn from
PT14’s statement that she developed an idea in the process and by the way she defined
the mathematical model and gave an example of it.

Another one of the prospective secondary mathematics teachers who enrolled
in the course was PT9. She was a member of group 5. This group consisted of four
members and none of them had taken courses about mathematical modeling. Before
the implementation of the course they were asked, “Have you ever heard of the
expression ‘mathematical modeling’ before? Explain what you understand from this
expression by giving examples. PT9 responded as follows: “Two things come to my
mind. First, it is the expression of one event mathematically. The other is that it is the
modeling of a mathematical problem visually, that is, preparing materials.” It can be
drawn from her quote that PT9 thought of mathematical modeling as visualizing the
mathematical problems by using concrete materials, that is, by using concrete
manipulatives of the mathematical problems and concepts.

After the implementation of the modeling course, PT9 reported in the post-
survey form that she described the mathematical modeling as follows: “The
presentation of a mathematical subject as it relates to problems from daily life and
noticing that there are solutions for many real life problems that we experience
associated with mathematics”. From her quote, we see that she altered her previous
conception of mathematical modeling with a new conception that relates mathematics
to real life situations.

PT24 was another participant. He was a member of group 7 and attended the
mathematical modeling course. As other prospective teachers mentioned above, he
described mathematical modeling as using concrete manipulatives for the
mathematical concepts in order to comprehend them easily: “The expression of
‘mathematical modeling’ is the work of displaying how a mathematical expression
functions in a real life context and establishing more concrete materials that facilitate
the understanding of a mathematical concept by reducing from the abstract to the

concrete. Nevertheless, | do not have enough knowledge about this subject since I have
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not taken this course.” From PT24’s statement, it can be said that even though he had
not taken any course about mathematical modeling, he commented that mathematical
modeling was related to embodying the mathematical concepts in order to facilitate
their understanding. On the other hand, in the post-survey form, he explained
mathematical modeling as being associated with a real life context: “Mathematical
modeling is the embodying of abstract mathematical concepts in a student’s mind by
relating mathematical subjects to real life.” This quote demonstrates that there was a
change in his conception of mathematical modeling, but he still puts emphasis on using
concrete manipulatives for teaching mathematical concepts, but in the minds of the
students.

To summarize, the results demonstrate that prospective mathematics teachers’
conceptions about mathematical modeling have been subject to a change throughout
the implementation of mathematical modeling course. Although almost all of them had
a conception that mathematical modeling was the using of concrete manipulatives and
visualization of mathematical concepts before the implementation of the modeling
course, they changed their conceptions about mathematical modeling by making the
relation between mathematical concepts and real life situations. Since prospective
teachers reflected their groups’ considerations, more examples can be provided which
reflect the change in the conceptions of the other prospective teachers. For example,
PT23 described mathematical modeling before the modeling course as follows: “We
dealt with mathematical modeling in the course on ‘Teaching Methods in Mathematics

Education’. Mathematical modeling in some ways is the work of displaying

embodiment. | can express a square with one side length X by the expression of X*
and a rectangle with lengths X and y by the expression of Xy . From this quote, PT23
perceived mathematical modeling as using concrete manipulatives for teaching
mathematical concepts. After the implementation of the course, PT23 defined
mathematical modeling as follows: “In my opinion, a mathematical model is
associating a mathematical problem with an object in real life. However, mathematical
modeling is the application of mathematical problems to real life problems”. This
statement shows that the conception of PT23 about mathematical modeling changed.

Another example was the case of PT3. Before the implementation of the
modeling course, she explained the mathematical modeling with her own words as

follows: “We embodied our mathematical subjects and shaped them in order to be
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comprehended well by students in our last term’s multivariable calculus course. That
is, mathematical modeling means ease of comprehensibility for me.” The same
prospective teacher indicated her thoughts about mathematical modeling at the end of
the term as follows: “In my opinion, mathematical models and modeling is the
presenting of a particular mathematical subject to students in order to understand
whether students understand the subject or have deficiencies in which mathematical
concepts are explained by relating real life to mathematics”. The previous excerpt
demonstrated that PT3 changed her conception about mathematical modeling after the
implementation of the course.

The results indicated above clearly demonstrate that prospective teachers’
conception of mathematical modeling has been subject to change due to the
implementation of mathematical modeling course. Prospective teachers developed a
conception of mathematical modeling such that most of them made connections
between real life situations and mathematical concepts. In order to display the change
based on group members, the following table (see Table 7) shows the change in terms
of codes obtained from prospective teachers’ surveys applied before and after the

implementation of the course.

Table 7 Change in the conceptions of the prospective teachers about mathematical

modeling

Prospective Before the Implementation of After the Implementation of

Teacher Designed Course Designed Course

PT17 (Group 1) Relating mathematics with real life Relating mathematics with real life

PT14 (Group 2) Using concrete manipulative and Relating mathematics with real life
visualization

PT5 (Goup 3) Using concrete manipulative and Relating mathematics with real life
visualization

PT10 (Group 4) Using concrete manipulative and Relating mathematics with real life
visualization

PT9 (Group 5) Using concrete manipulative and Relating mathematics with real life
visualization

PT23 (Group 6) Using concrete manipulative and Relating mathematics with real life
visualization

PT24 (Group 7) Using concrete manipulative and Relating mathematics with real life
visualization

*: PT5, the number 5 represents the coded prospective teachers.
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The table shows that, prior to the course, while six of the seven prospective
teachers who were selected as representatives of their groups described the
mathematical modeling as using concrete manipulative and visualization, only one of
them described it as relating mathematics with real life before the implementation of
the course. In general, at the beginning of the course, while fifteen of the 25
prospective teachers described mathematical modeling as using concrete manipulative
and visualization, the remaining prospective teachers expressed mathematical
modeling as relating mathematics with real life situations. At the end of the course,
however, almost all of them described mathematical modeling as relating mathematics
with real life after the implementation. Only five prospective teachers’ conceptions
about mathematical modeling and descriptions of mathematical modeling had not
changed their conception prior to the course that is modeling as “relating mathematics
with real life”. At the beginning of the course, when they were asked, “Have you ever
solved/applied any modeling activity? Can you give examples?” almost half of the
prospective teachers (n=12) stated that they did not have any prior experience with
mathematical modeling. The remaining prospective teachers (n=13) had experience
with mathematical modeling in the sense of “using concrete manipulative and
visualization.” It was also observed that only three prospective teachers had experience
with mathematical modeling in the context of the real life situations.

At the beginning of the course, prospective teachers were asked whether they
had ever heard of the expression of mathematical modeling before and what they
understood from that expression via pre-survey form. By this question, it was aimed
to reveal what knowledge prospective teachers had beforehand about mathematical
modeling and its characteristics. They were also asked whether they had solved any
mathematical modeling activities before in order to determine their prior experience
about modeling and modeling activities. These data were analyzed and some results
were displayed in the below table (see Table 8). According to prospective teachers’
responses to these questions, it was detected that prospective teachers had superficial
mathematical modeling knowledge and almost no one had solved or applied any
modeling activity before at the beginning of the modeling course. As it is seen from
the Table 8, prospective teachers stated that they described mathematical modeling as
producing concrete manipulatives. For example, PT24 defined mathematical modeling
as “creating materials that enable the students to understand the subjects more easily

by making that statement more concrete and to demonstrate how a mathematical
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statement works in real life.” He mentioned concrete manipulatives for explaining the
concept of convergence of sequences as a prior experience for mathematical modeling.
PT14 said that she had heard of mathematical modeling before and also described the
mathematical modeling as techniques or strategies that included the concrete
manipulatives and visualizations in order to facilitate teaching and comprehensibility
of mathematics. She gave examples about visualizations and concrete manipulatives
that she made in the previous courses. As indicated in previous sections of the results
chapter, it was observed that most of the prospective teachers had very narrow
knowledge about mathematical modeling and modeling activities and their modeling
knowledge was limited to producing concrete manipulatives and visualization.
Moreover, it was seen that they had quite inadequate knowledge about what
mathematical modeling meant and how mathematical modeling activities should be.
For instance, PT9 was unclear about her description of mathematical modeling. She
wrote, “Two things come to my mind. First is an expression of an event or situation
mathematically and the other one is modeling of mathematical problem visually,
namely; preparation of material”. According to the previous quote, PT9 gave the sense
that she knew about modeling in the first statement, but the following statement and
the example she provided about a mathematical modeling activity disproved this sense.
In fact, she defined mathematical modeling as producing concrete manipulative to

present a subject matter.

Table 8 Prospective teachers’ expressions about foreknowledge and prior experience
on modeling and modeling activities

Prospective Foreknowledge Prior Experience
Teachers Have you ever heard of the expression Have you ever solved/applied any
“Mathematical modeling” before? Please modeling activities? Can you give
explain what you understand from this examples?
expression with examples.
PT17 (Group 1)  Mathematical modeling is exemplification 1 did not solve and implement.
of mathematical concept by correlating
with life.
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Table 8 (continued)

PT14 (Group 2) Mathematical modeling is a term that is
often heard and confronted. I think that
mathematical modeling comprises
techniques and methods that can be used
to simplify, concretize and visualize
teaching and comprehensibility during the
education of math. For example, a math
problem can be more comprehensible and
easier to interpret by the use of a
computer. By the use of such techniques,
simplifying the comprehension and being
able to make math more concrete will be
very important for a teacher.

PT5 (Group 3) We concretized our math subjects and
shaped it to make it more comprehensible
in “Multivariable Analysis” course last
year. Namely, this statement means easy
comprehensibility.

I heard about it in many lessons. It
enables math’s being more
comprehensible. It enables three
dimension is being apprehended better.
Two things come to my mind. First is
expression of an event or situation
mathematically and the other one is
modeling of mathematical problem
visually, namely; preparation of material.

PT10 (Group 4)

PT9 (Group 5)

PT23 (Group 6)  We dealt with mathematical modeling in
the course of ‘Teaching Methods in
Mathematics Education’. Mathematical
modeling in some ways is the work of
displaying embodiment. | can express a

square with one side length x by the

expression of x* and a rectangle with
lengths x and y by the expression of

Xy

The expression of mathematical modeling
is creating materials that enable the
students to understand the subjects more
easily by making that statement more
concrete to demonstrate how a
mathematical statement works in real life.

PT24 (Group 7)

We visualized the solution
phases of any mathematical
problem or proof technique by
using computer programs. There
were activities that we
discovered especially in
computer classes and we
prepared a material to simplify
display about the subject given to
us in multivariable analysis
lesson last year. Our subject, for
example, was substitution in
multiple integral and we
developed a material suitable for
this subject.

No.

| prepared a material that shows
three-dimensional curve’s
tangent and normal to curve in
“Multivariable Analysis” course.
We, as a group, prepared a
material about “polar coordinates
in double integrals” in
“Multivariable Analysis” course,
but I cannot say we were good at
this work. Because | do not
think, we could convey the
subject into the material fully.
Yes, | mentioned before.

In the second term of the second
class, | made a modeling about
“convergence of series.” for
“Multivariable Analysis” course.

After the implementation of the modeling course, post-survey forms were applied to
prospective teachers in order to reveal the change in perspective of prospective
teachers’ thinking about mathematical modeling and modeling activities. Some of the
results were illustrated in Table 9. It was observed that prospective teachers who
considered mathematical modeling as showing mathematical concepts through

concrete manipulatives before taking the modeling course developed important ideas
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on modeling and modeling activities throughout the implementation process. For
example, PT3 illustrated the change in her perspective as follows:
When modeling was uttered, explaining a mathematical concept or subject visibly, tactually with
the help of three-dimensional object would come to my mind. But after this lesson, after discussing
and solving six modeling questions, not only three-dimensional shapes come to my mind. | think
that problems of daily life can be solved by math and in order to explain math better and make it
clear, examples from daily life can be used and by this way, math will be loved by students. Such

questions are modeling questions and when the problems in daily life are adjusted to math, they
will be modeling examples for us (PT3, post-survey form).

In the preceding except, PT3 stated that she considered the mathematical modeling
before as teaching mathematics with the help of three-dimensional objects and
concrete manipulatives. In the process of that course, PT3 expressed that she came to
understand that mathematical modeling was a tool for solving problems encountered
in real life and a teaching tool for teaching and learning of mathematics enriched with
examples from real life. Similar to expressions of PT3, by saying “However, I think
that modeling questions asked towards the end of the term have a positive effect on
students ‘understanding of concepts about which I think students have problems and
insufficiencies”, PT15 stressed the pedagogical gains provided by the use of
mathematical modeling in the process of mathematics teaching. PT12 confessed that
she did not know about the concept of modeling, or even that she understood it
incorrectly:

Initially, I noticed that I do not know the concept of modeling fully and I even misunderstood it.

But now | know what a modeling question means. After the questions that | have discovered in

this lesson, questions of daily life situations revive in my mind. For example, | would not think

like this as a mathematician when | went to an amusement park; now | can look and think more as
a mathematician (PT12, post-survey form).

In the process of implementation, she realized the meaning of mathematical modeling
and changed her perspective on real life situations. She expressed that she looked at

real life situations more mathematically, like a mathematician.
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Table 9 Views of some of the prospective teachers about the change in their
approaches to modeling and modeling activities

Prospective Teacher

Views (Excerpts from Post-Survey Forms)

PT17 (Group 1)

PT14 (Group 2)

PT5 (Group 3)

PT10 (Group 4)

PT9 (Group 5)

PT23 (Group 6)

PT24 (Group 7)

PT12 (Group 4)

PT15 (Group 2)

PT2 (Group 7)

I had no idea about modeling activities’ measurability, namely; I had doubts
about whether | could have feedbacks when I direct these questions to the
students. But when we analyzed the solutions of the students, | noticed that
I can have an opinion about which questions the students know or where the
students have difficulty.

Any student having studied the modeling activity should be able to interpret
both usage area of the concepts and concepts to be questioned within other
situations.

We made lots of modeling activities from the beginning of the term till now.
We discovered that some questions have more than one correct answer and
learned to look from different perspectives in our first work, The Summer
Job. In the other activities following The Summer Job, the questions have
only one answer. We paid attention what to consider and how to start a
modeling activity during this process in which we did these activities. While
evaluating a question from only one perspective and way in the past, we tried
to approach modeling activities from different perspectives in this process.

When the term started and when | tackled modeling questions, at first | was
attempting to find formulas and exact solutions to them but in the activities
done by the end of the term, | started to evaluate a question intuitively by
using interpretation method. | gained different point of views.

I was trying to think different ways of the solution during the first weeks,
but for the last weeks, I did not think to break out of the ways we had found.
Initially how to approach the students about making them realize their
mistakes was only in my mind, I could not express it verbally, but now I
have an idea about this subject.

When | look through to the process, | see that modeling is a matching of
daily life problems with mathematical a problem. Maybe | saw that my
opinion was verified. But also | may have attained this: Not only does it
make the problem solved in daily life but also has an aim to help the other
solutions of the problem.

We tried to have approaches that will bring the easiest and comprehensible
solutions for modeling questions from the outset. We formed opinions about
every question and we tried to choose the most suitable one among these
opinions.

Initially, I noticed that I do not know the concept modeling fully and | even
miss know it. But now | know what a modeling question means. After the
modeling questions that | discovered in this lesson, questions of daily life
situations revive in my mind. For example, | would not think like this as a
mathematician when | went to an amusement park; now | can look and think
more as a mathematician.

I would not have an approach at the beginning of the term as | have no
knowledge about modeling. However, | think that modeling questions asked
towards the end of the term have much positive effect on students and
beneficial for them on ‘understanding of the concepts about which I think
students have problems or insufficiency. For example, I practiced “The
Ferris Wheel” activity on my brother and waited for his solving. After that,
we discussed the solution and talked about the concepts. In the end, my
brother told me “he understood this subject in that way but now I know what
it means”. Furthermore, he said, “I did not know it works in these subjects”.
Thereby my perspective on modeling developed and changed.

It was clear that | did not know much about modeling questions in the
beginning of the term. In other words, | used to think it must be like this by
interpreting what | heard before. When modeling is said, an idea of
harmonization of daily life with math used to come to my mind and not a
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Table 9 (continued)

different idea formed in my mind in time. What has changed was my
believing much more in their being useful and understanding after seeing
how these questions were transferred and what kind of questions were used.
There is no difference in my approach to these questions, as | have never
encountered with modeling questions. But it is clear that the activities that
we did and elapsed time have made a great contribution to my understanding
the modeling and realizing it more in daily life. | could say | consider and
think mathematical concepts in every event and situation. Although | did not
take such a lesson before and though I took it for the first time, | understood
the logic of the subject quite well and | think that it is useful.

PT8 (Group 5) We did not have sufficient knowledge about requested subjects or how to
approach them. (In the field of application) At first, | used to evaluate the
questions with classical test mentality, assuming that there is an exact
solution and it is necessary to reach numeric data. Then questions that are
without numeric data require directive and based on interpretation (like The
Water Tank) were given to us and we saw that there are many different ways
of solution. In fact, | saw and understood that there can be real life math
questions that are without numeric data and have no exact solution.

As can be seen in Table 9, prospective teachers evaluated themselves in terms of what
they knew about modeling and modeling activities before taking the current modeling
course and what they learned in the process of implementation. According to above
table, prospective teachers indicated that they did not have enough knowledge about
mathematical modeling in the beginning, but they developed significant ideas about it
in the process of implementation of the course. From these findings, although
prospective teachers had very narrow knowledge about mathematical modeling before
the implementation of the modeling course, it can be interpreted that there was a
significant change in the conception and description of mathematical modeling

throughout the implementation of the course.

4.1.2 Prospective Teachers’ Conceptions about the Nature of Mathematical
Modeling Activities

It is clear that prospective teachers’ thinking about the knowledge of
mathematical modeling activities needed to be brought up in order to talk about the
development in their thinking on knowledge of the use of mathematical modeling
activities. Within the modeling course, prospective teachers’ developed ideas were
questioned after the implementation of the first four modeling activities (see Appendix
B). This investigation was made before the “Presentation and discussion on the nature
of modeling activities” was done. After the implementation of the first four modeling
activities, all groups were asked to determine the general properties of modeling

activities and specify the differences between modeling activities and traditional word
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problems and write it down on a sheet. After the analysis, the results were displayed

in Table 10.

Table 10 Views about general characteristics of modeling activities and their

comparison with traditional word problems

Comparison with Traditional Word
Groups General Characteristics of Problems
P Modeling Activities
Similarities Differences
Group 1 Being associated with different The Bouncing The remaining e
mathematical concepts Ball  activity activities were different
Having no chance to verify resolution was similar to  than traditional word
g . L traditional word  problems
of some modeling activities
problems .
. . The solution procedure
Not foreseeing the solution process .
. A is not clear
of some modeling activities
Group 2 Requiring methods by using givens. Having more results
Including more than one Including more than one
mathematical concept mathematical concept
Suitable for group working Taking more time
Open-ended and detailed i Requiring discussion
Requiring the use of technological Providing freedom of
tools thinking
Using data from real life
Not giving the result
directly
Group 3 Including situations that can be faced Being different as a
in real life problem structure
Including more than one Using data from real life
mathematical concept - .
Including more than one
mathematical concept
Taking more time
Group 4 Qualified to be thought-provoking Mathematical Including more than one

Including more than one
mathematical concept

Not having a specific pattern

Including situations that can be faced
in real life

Showing the real life applications of
mathematics

operations

mathematical concept

Containing of detailed
information
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Table 10 (continued)

Group 5 Showing the real life applications of Style
mathematics

Showing the real life

Containing of detailed information applications

. . . mathematics
Having diverse solution procedures -
IncIudlng_ more than one procedures
mathematical concept

Putting forward

Having diverse solution

thinking on problems

Group 6 Being open to interpretation as the =~ Mathematical Putting forward
structure of question operations thinking on problems
Putting forward the thinking on Suitable  for
problems working
Showing the real life applications of Requiring caution

mathematics

Including situations that can be faced

in real life
Group 7 Showing the real life applications of Putting  forward
mathematics thinking on problems
Having diverse solution procedures Containing of detailed
. information
Salient

Including more than one

. - solution procedure
mathematical concept P

Suitable for group working procedures

Including situations that can be faced
in real life

Providing distinct perspectives

Not having obvious

Having diverse solution

As can be seen in Table 10, prospective teachers put forward the general characteristics
of modeling activities, including more than one mathematical concept: situations that
can be faced in real life, showing the real life applications of mathematics, and what
is suitable for group work. Furthermore, prospective teachers stated that although
modeling activities had different properties (e.g. including more than one
mathematical concept, putting forward the thinking on problems, having diverse
solution procedures), one of the modeling activities (the Bouncing Ball) had common
properties with traditional word problems (see Table 10).

Some of the prospective teachers’ ideas about general characteristics of
modeling activities, and similarities and differences between modeling activities and

traditional word problems, were analyzed in chronological order in order to
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demonstrate their developmental process. The findings demonstrated that prospective
teachers identified seven general characteristics of mathematical modeling activities.
They characterized the modeling activities as real; open-ended; including more than
one mathematical concept; having diverse solution procedures and cyclic structure of
solution process; feeling the need; generalization and being prototype; and diversity
from traditional word problems . These properties were illustrated by using evidence

from the obtained data analysis.

4.1.2.1 The characteristics that prospective teachers attributed to mathematical

modeling activities

Throughout the implementation period of the course and the current research,
prospective teachers indicated their thinking about the mathematical modeling
activities and ideas on what kind of characteristics they possess. The characteristics
depicted by prospective teachers are reality, open-endedness, including more than one
mathematical concept, having diverse solution procedures and cyclic structure of
solution process, the need for a solution or model, generalizability and being prototype,
and having distinctions from traditional word problems. The findings were illustrated

in the following sections in detail.

Reality

Prospective teachers saw reality as a character of modeling activities in relation
with daily life situations and meaningfulness. As can be seen from Table 10, almost
every group agreed that modeling activities included real situations from daily life.
Most of prospective teachers reported in their reflection papers and interviews that
mathematical modeling activities were directly related to real life situations. They
thought that the context of modeling activities were directly taken from real life and
that these activities dealt with reality indeed. For example, after the implementation of
the Ferris Wheel activity, PT17 wrote:

After solving this question, | noticed how to use trigonometric attainments that | had acquired in
math lessons. In other words, | noticed that these attainments are not only for being successful in
exams but also for making the life easier. | was also curious about what the use of trigopnometry
was in daily life like many students, during the process in which | learned trigonometry. It was a

kind of problem that I can use to reply to a student who has such a curiosity when | am a teacher
(PT17, reflection paper for the Ferris Wheel activity).

In the above quote, she said that she noticed the relationship between mathematical

subjects (e.g., trigonometry) and real life situations (designing a Ferris Wheel for
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entertainment). She mentioned meaningful mathematics teaching explicitly because
she wanted use this modeling activity in order to show students how mathematics can
play a role in real life. In the post-survey form, she emphasized reality as a central
property for modeling activities in the following excerpt: “First of all, its relation with
daily life should be stated. Namely, there should be an explanation for whether
something exists indeed or not. Its directives should be clear and comprehensible. It
should be realistic and consistent.”

PT14 emphasized that modeling activities include more than one solution. It
was understood from the following quote that she understood some general properties
of modeling activities apparently. For example, modeling activities were related to real
life situations and finding solutions to these situations that fit them best.

We noticed in the process of solving this question that more than one solution can be found for a
problem and with many different perspectives one can reach the solutions of the problems. But
with this problem | understood that the most important thing is to find the most practical and

suitable one for daily life; namely, to choose the most useful one and to be able to determine a
solution in that way (PT14, post-survey form).

In the post-survey form, PT14 put emphasis on reality as one of the properties of
modeling activities: “It should also reflect the problems in daily life, namely it should
not be isolated from real life.” This evidence showed that she preserved her idea about
reality property after the implementation of modeling course.

In the below episode, PT9 stated that modeling activities were realistic
problems that related mathematics with real life as follows:

Interviewer: Can you comment on the modeling questions? Are they different from earlier
questions, or are they similar?

PT9: Well, the construction of the problem. You gave us a test last week, the questions were very
realistic, and they were similar to modeling questions. | mean, in real life, mathematics is
very cool, applicable to real life. We do not see that very often, but when we do, we realize
the mathematics. | mean, | love mathematics.

It is understood from the above excerpt that she got an impression that the context of
modeling activities ought to be from real life intuitively. In the following activities and
at the end of the implementation of the modeling course, it was observed that PT9
developed her ideas about the properties of modeling activities.

In the subsequent modeling activities, PT24 identified the property of modeling
activities such that it was related to real life situations and how mathematics were
integrated in daily life. He wrote: “Our attainments for this week as in every week are

like this: We learned how to use math in daily life. Furthermore we acquired
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attainments about how to use an area efficiently and which processes to do while
placing different components into a component.” It is understood from the preceding
quote that all mathematical modeling activities were directly related to real life
situations and mathematics in them. PT24 figured out that they had learned how to
complete the puzzle by using the information given in real life situations.

From the examples given in these episodes and quotes, prospective teachers
identified the property of reality in modeling activities in the implementation period
of the first four modeling activities. This situation also demonstrated that prospective
teachers could interpret the modeling activities as making connections between
modeling activities and real life situations intuitively and developed their ideas about

reality property.

Open-endedness

Another property that was mentioned by prospective teachers was open-
endedness of modeling activities. As seen in Table 10, members of group 2, group 4,
and group 6 indicated that modeling activities were open-ended and they had no
specific pattern in order to predict the ways of solution. Prospective teachers referred
the open-ended property of modeling activities in the process of implementation of the
modeling course. For example, in the interview after the Free Roller Coaster activity,

PT14 mentioned the open-endedness property as follows:

Interviewer: How would you evaluate this problem in general?

PT14: It was open-ended, leaving all the work to us. | mean, OK, | draw this on the paper, and
then | have to think what to do next. With The Bouncing Ball activity, we were done after
finding the coefficient; we did not have to do anything else. With this problem, we have to
consider how applicable this is to real life. | mean, it should not be extreme, because it is
something we use in real life. | think those were the differences.

PT14 stated that the Free Roller Coaster activity needed a design and many factors
needed to be taken into consideration in the period of design and therefore the activity
could be denoted as considerably open-ended. She compared the Free Roller Coaster
activity with the Bouncing Ball activity in terms of open-endedness; she concluded
that the Free Roller Coaster activity was more open-ended than the letter one. PT20
expressed how a good modeling activity ought to be in the following excerpt.

A good modeling question should be comprehensible but at the same time, it should not be too

directive. It should be a bit open-ended. Namely, it should not have only one correct solution. It

should have more than one solution. Modeling question should be correlated with daily life so that
the student both understand the subject easily and see that math is pretty much within the daily life
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indeed. Moreover, solution of the question should not be easy. The students should have
difficulties in some points and by this way; they can give much more thoughts to the points that
we desire to attract their attention (PT20, post-survey form).

As it is seen in the preceding excerpt, PT20 indicated that a modeling activity ought to
be open-ended as well as other properties. According to PT20, modeling activities
needed to have diverse ways of solution. Most of the prospective teachers suggested
that modeling activities ought to have diverse solution strategies and be open to diverse
interpretations in the process and post-survey forms.
PT24 commented on the differences between traditional word problems and
modeling activities in the following quote.
The problems given us till now were absolute problems which have unique solutions based on
variables under control. However, it was an open-ended question that requires our accepting
something to reach a solution and that enables us to solve it upon this assumption. Therefore, it

was a problem which has solutions shaped by the resolvent’s (person) idea rather than having one
and absolute solution (PT24, reflection paper for the Street Parking activity).

In the preceding quote, PT24 compared the modeling activity with traditional word
problems. According to his comment, traditional word problems had few variables that
were clear and a certain solution. On the other hand, modeling activities were open-
ended problems that required assumptions to proceed to distinct solutions that were
structured to one’s assumptions. It is understood from this comment that PT24 noticed
the some differences between modeling activities and traditional word problems after
the implementation of the first modeling activity and gave emphasis on the open-
endedness of the modeling activities.

The excerpts given in above paragraphs were exemplary that reflected
prospective teachers’ ideas about the open-endedness of modeling activities. It can be
interpreted that most of the prospective teachers noticed the property of open-
endedness of modeling activities and accepted as a necessary condition for being a
good modeling activity.

Including more than one mathematical concept

Most of the prospective teachers emphasized that mathematical modeling
activities contained distinct mathematical concepts in the same activity in the period
implementation of the modeling course. According to Table 10, almost all of the
groups (except groups 1 and 6) indicated that including more than one concept was a
general property of modeling activities and this differentiated them from traditional

word problems.
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In the reflection paper, PT9 expressed that many mathematical concepts were
used in the Ferris Wheel activity such as ratio, trigonometric concepts (e.g., cosine
theorem, properties of circle), and velocity. She wrote:

In this question, we used the concept of ratio and proportion, trigonometry, cosine law,
characteristics of circle and concept of velocity. We made transformation between unities (min. -
sec.). In this problem, math and physic lessons were like mingled. Because when | saw the

movement of the circle, the concept that came to my mind was circular movement. We used math
and geometry in a mingled way (PT9, reflection paper for the Ferris Wheel activity).

From above excerpt, PT9 emphasized that modeling activities could have
interdisciplinary an approach in the solution process such as the concept of circular
motion was associated with physics and also mathematics. PT8 mentioned about
mathematical ideas and concepts included in the Water Tank activity in the reflection
paper as follows:
We can call this problem as a pool problem because interpretation of graphics, point-tangent, and
point-slope, volumes of geometrical figures are the kinds of problems that are similar to pool
problems. Furthermore, we used height concept covered by quantity of water filling in the unit

volume as basis and thereby we reached to a solution (PT8, reflection paper for the Water Tank
activity).

According to above excerpt, PT8 stated that they used many mathematical concepts
together such as graph interpreting, slope at a point, and height variation in volume.
PT8 also mentioned that modeling activities ought to include more than one concept
when describing modeling activities in the post-survey. She wrote: “A good modeling
question should consist of more than one approach of solution and mathematical
subject. It should be generalizable, clear and comprehensible, data should be useful
and within the life and should be valid”. In the post-survey form, PT14 also stated that
modeling activities ought to query many mathematical concepts in the same activity
as follows:
A good mathematical modeling should be usable primarily for the other situations. Namely,
method of the question’s solution should be valid for all the situations that have similar
characteristics with this question. Furthermore, it should reflect the problems of daily life more;
that is, it should not be abstracted from daily life. Moreover, a good modeling question should be

able to make mathematical concepts examined and be open to different solution strategies and
comments (PT14, post-survey form).

Only two of the prospective teachers (PT5 and PT23) asserted that including more than
one mathematical concept was not suitable for objective based teaching and learning
approach. In the reflection paper, PT5 underlined that modeling activities ought not to
include more than one subject matter or concepts in the following: “Use of all the

subjects and use of the concepts together should be avoided. In other words when we
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want to use more than a few (three or five) subjects together the students get back and
get confused”. Other prospective teachers delivered positive opinions on the property
of including more than one mathematical concept and indicated that it was affirmative
for conjecturing among subject matters and concepts. In the following exemplary
excerpt, PT14 emphasized that including more than one mathematical concept in a
modeling activity could help students gain more knowledge about using these concepts
and subject matters interchangeably.
Mathematical concepts that we used were triangle geometry, trigonometric functions, ratio, and
proportion. This problem in which we use many mathematical concepts may bring the students in
lots of things mathematically. After solving this question, | think a student must be able to answer
the following questions: Where is scanned (shaded) angle in circular area? When do | need to use
sinus function and when do | need to use cosine function or in which circumstances which the
trigonometric function does resolve the question easily? (In our solution, in the section of ground
clearance, using cosine instead of sinus was easier). How can the changes of signals in sinus and
cosine functions be observed while the scanned angle is expanding? What does the expression of
an angle as time- dependent mean? How can it be written for a triangle dependent on any cosine

or sinus functions? What is referred by instantaneous change mathematically? (PT14, interview
for the Ferris Wheel activity).

In summary, most of the prospective teachers stated that modeling activities included
more than one mathematical concept that could be interpreted as a general property of
modeling activities. The given excerpts were exemplary for most of the prospective
teachers’ opinion accepted as a property for modeling activities.

Having diverse solution procedures and cyclic structure of solution process

Another finding was having distinct solutions of modeling activities and cyclic
structure of solution process. This emerged as another property of modeling activities
that prospective teachers formed in the implementation of process. As it is seen in
Table 8, members of some groups reported that modeling activities could have various
solutions and the solution process might be unclear, therefore, these situations could
be regarded as properties of modeling activities. For example, after the implementation
of the first modeling activity (the Summer Job), PT17 compared the modeling
activities with traditional word problems in terms of their differences. She indicated
that there was a unique solution to traditional word problems and everyone tried to
find this solution. Modeling activities, on the other hand, required them to produce
solutions rather than just finding a unique solution. The following episode illustrated
her thinking about the differences between modeling activities and traditional word

problems.

130



Interviewer: What can you say if you compare this problem to other problems, you have seen so
far?

PT17: During K-12 years, we have seen problems that had only one solution. We have tried to
find that specific solution instead of finding different solutions. This changed a little bit
during university years and we started finding one or more solutions. This is a problem that
can have multiple solutions. | can solve this by considering being steady or time or money.
So, it was different in that way.

PT17 also expressed that the modeling activities were different from traditional word
problems because traditional word problems contained only one solution. On the other
hand, modeling activities included more than one level, for example comparing the
solution with previous ones. These expressions demonstrated that she noticed the some
properties of modeling activities intuitively.

Again, as indicated in Table 10, the cyclic structure of the solution process of
modeling activities was seen as unclear during the solution process and its complexity
was also noted by some of the prospective teachers. This cyclic structure appeared in
the data resources of prospective teachers when they illuminated their way of solution
procedures. For example, PT5 told their general solution procedure after
implementation interview as follows:

Nevertheless, we made many calculation errors. We used different wrong ways of solutions, we
had great difficulties at first and for this reason, and we went back to beginning because of
calculation errors. We handled the question and say “we found the correct answer” all the time but
our supervisor came and told us that there was a mistake in somewhere within the question. Then

we handled the question again and there were some problems in minor things like multiplying and
thus we went back to beginning (PT5, interview for the Street Parking activity).

In the preceding excerpt, as describing the process of solution in the Street Parking
activity, PT5 explained that several times they needed to return from coming to a point
in the solution to the beginning after the teacher asked them to check their errors. A
member of group 5, PT15 also explained why they needed to change their solution

strategies several times in the same activity in the following quote:

sina = = y=48sina
4.8

y=4.8sina <45
= 4.8sina<4.5

=sina <0.9375
= a<70°

Figure 7 A solution for the Street Parking activity presented by PT15
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We gota <70° . Instantly we tried to prove this result. When we took & =69° , we found the
length of AP as1.1 minthe AEP triangle that is shown in the Figure 7. Hence, we got the length
of AC as AC=4.8+1.1=5.9 m. Then we apply this in ARP triangle and put it in the sine law,
we found that the length of AR =5.5. That is, the length was 5.5 m, but it ought to be 4.5 m.
Therefore, the solution was wrong. | told my friend PT13 that the length of y should be smaller

than 4.5—UP which resulted in wrong solution. She asked “Why?” I told her that when the length
of y became 4.5, then & =90° . This may lead to contain more high values in the interval. Hence,

we observed that our method was not appropriate for the solution (PT15, reflection paper for the
Street Parking activity).

In the preceding excerpt, PT15 explained their approach to solving the problem firstly
by providing figures (see Figure 7) in the solution process. PT15 illustrated how they
obtained an equation and found the angle 70 degrees by using this equation. Then PT15
noticed the error when they put the angle in the equation and got the result 5.5 meters
that was actually 4.5. After they found a contradiction in the result, they decided to
change their approach. Similarly, PT9, as a member of the same group, tried to solve
the problem by using the idea of area. She said why they gave up the idea of area in
the solution process in the following episode:

PT9: There was a huge difference. Then, we went back to starting point, to the equation. We
decided to take derivative of the equation. Then we solved the equation.

Interviewer: After that, you solved the equation, not using differentiation method.

PT9: Yes, like solving an equation. No, differentiation. The hypothesis collapsed. We got 20.65
by solving the equation. Other group friends calculated the angle that corresponds to 20.65.
Approximately, the obtained valued were close. Therefore, we checked that we solved
correctly.

Interviewer: So, what was the point that you got difficulty the most in terms of solution method
PT9?

PT9: We went back to the starting point two times. In the first trial, we struggled to solve the

problem situation with PT14. Namely, we obtained many equations and the result was
complicated.

. . c . .
Interviewer: You said that, —— , the point you made mistake.
sing

PT9: Yeah, it was the incorrect part.
Interviewer: Then, you turned back to the starting point.
PT9: Yes, we turned back to the starting point again.

In the above episode, she tried to figure out that they intended to solve the problem by
using the idea of derivative, but they observed that this was not possible. Therefore,
they changed their solution strategy and attempted instead to solve by using equations.

When the interviewer asked her where they encountered the most difficulties she point
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out the situations when they needed to restart twice although they were far along in the
process, but they had not found any results. Prospective teachers described the cyclic
structure of solution process as being unclear regarding ways of finding a solution,

complexity, and open to more solution strategies generally.

The need for a solution or model

Some of the prospective teachers pointed out the need for a solution or a model.
They noted that the mathematical concepts to be taught and the building of a model in
order to find a solution ought to make students feel it is a necessity about the nature of
mathematical modeling activities. The feeling of this need can be observed in the
prospective teachers’ responses to the question “How should be a good modeling
activity in your opinion? What kind of properties does it possess?” in the post-survey
form. For example, PT10 underlined the feeling the need property in the following
excerpt:
In a good modeling question, a student should feel that s/he needs to build a new structure that will
be an answer to the question asked to the student’s himself or herself and then the student should
form a model. The modeling question with the knowledge and experiences that students have
should enable a meaningful real life problem to be solved. The students should be able to express
their ideas freely. As it is possible for a student to test his or her results’ and interpretation’s
accuracy, the student should reach to the judgment that his/her modeling needs to be developed or
retrieved on his/her own. Modeling question should be generalizable by other questions. It should
be in a way that enables the student to form a model whose explanatory power is great and which

can be used to interpret structurally similar other situations. It should be clear and comprehensible
(PT10, post-survey form).

In the preceding excerpt, PT10 stated that students needed to feel that they built a
structure that may result in a solution for the modeling activity and students ought to
create a model. She also said that students could evaluate their models in terms of its
correctness and the need for correction. PT11 also commented that modeling activities
made students feel that a model for a solution needed to be created, developed, and
corrected if it needed. She wrote:
A good modeling question should make the student feel that s/he needs to form, develop, or edit a
model that will be a solution for the situation; and this modeling question should enable the
students to solve a meaningful real life question with their own knowledge and experience.
Concrete materials, calculators, computer software should be enabled to help the students test their

results. The solution of the question should be able to be used in interpreting other situations
(PT11, post-survey form).

It is clear from the given excepts that PT10 and PT11 put emphasis on the need that a
modeling activity ought to direct students to feel the need for creating models and
structures that could be a solution for these activities. Moreover, prospective teachers
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declared that modeling activities ought to be qualified to question intended
mathematical constructs and concepts. For instance, PT2 underlined this situation in
the subsequent excerpt.
A good modeling question should be in such a quality to be able to question desired concepts. But
while doing this, it should not give this concept clearly. It should be able to make many concepts

questioned. It should be valid and suitable for the level of students. It should not be complicated.
Expressions of questions should be vivid and clear (PT2, post-survey form).

As it was understood from the preceding excerpt, PT2 stressed the property of
inquiring about the mathematical concepts as well as modeling activities possessing a
distinct type of properties such as relevancy with real life, validity for other similar
situations, etc.

In summary, the need for a solution or model was another property of modeling
activities that ought to be taken into account. The prospective teachers suggested that
modeling activities inquired about the mathematical concepts and ought to be suitable

for real life situations.

Generalizability and being prototype

Another property of modeling activities that emerged for prospective teachers
was using the same developed models to explain other similar real life situations. In
the period of implementation of modeling activities, prospective teachers were asked
to discuss the generalizability and validity of solutions or models in terms of usability
in similar situations in interviews and write down these discussions on their reflection
papers. In addition to this, prospective teachers were asked to evaluate the solution or
model according to generalizability and validity properties. The findings demonstrated
that most of the prospective teachers emphasized the generalizability and validity of
solutions or models as one of the general properties of modeling activities and they
indicated that almost all of the implemented modeling possessed the generalizability
and validity properties. For example, after the implementation of the first modeling
activity, the Summer Job, PT17 underlined that the solution could be reused in the

similar situations in the following interview excerpt.

Interviewer: Do you think can you generalize the solution to the similar situations in daily life?

PT17: Yes, it can be generalized because that is a general solution method. That is, if there exist a
firm like that and this firm can hire employees for the work.
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She also indicated that the solution for the Water Tank activity was generalizable for
other similar situations in the following transcript.
Interviewer: Can you generalize you developed solution method to the similar situations in real
life?

PT17: So | think it is generalizable. I think it would be beneficial in volume related problems, area
of slices while drawing graphs.

Similar to the ideas of PT17, PT14 also expressed that the solution of modeling
activities could be reused in the similar situations. For example, she said that their
group solution for the Summer Job activity might be generalizable to similar situations
in the following interview excerpt.

Interviewer: OK, well, do you think you can use this solution for other similar situations in real
life? Is the idea generalizable?

PT14: Well, for example, there were three variables intense, medium, and daily. If you can address
these issues, | think it is applicable. I mean, it is also about what kind of a problem it is. |
cannot think of any examples right now, but maybe it is implemented now.

Although she expressed the possibility of generalization in the above excerpt, she
stressed the importance of generalizability and validity of modeling activities when
she answered the following question in the post-survey form: “How should a good
modeling activity be in your opinion? What kind of properties does it possess?”” She
wrote, “A good mathematical modeling activity; first of all, should be able to be usable
for other situations. Namely, method of solution should keep its validity for all other
situations that have similar characteristics with this question.” It can be interpreted that
she accepted the generalizability and validity as properties of modeling activities in
the implementation process.

Another prospective teacher, PT24, stated that his or her solution for the
Summer Job activity could be generalizable to similar situations and gave a concrete
example for it in the following episode:

Interviewer: Well, can you tell a little bit about how your solution strategy may be applied to other
situations?

PT24: | think it can be. For example, production at a factory, or turning off a machine. Also, how
does the machine work, how long it takes for it to get ready, after how long does it have to
be stopped etc. This method can be used in similar situations.

In the preceding excerpt, PT24 made a connection between workers in the Summer
Job activity and types of machines for a factory in terms of efficiency. In both
situations, efficiency was at the center. He pointed out this relationship and the solution
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strategy that could be used in the second situation that was similar. PT24 also stated
the generalizability of their solution for the Water Tank activity that was the last
implemented activity in the process. He wrote in his reflection paper as follows, “Our
solution was like this. It was quite simple and useful solution. With the directive we
formed, it was a directive that would enable any person to form graphics of quantity
of water and water level.” From the quote, PT24 expressed that their solution or model
could be used for all kind of water tanks and valid for similar situations.

It is evident from the examples given that prospective teachers considered the
generalizability and validity of solutions or models as properties of good modeling
activities. It can also be observed from the findings that prospective teachers had
different views on the generalizability and validity of solutions or models. For
example, although PT17, PT14, and PT24 said that solutions for almost all of the
implemented modeling activities could be generalizable to other similar situations in
the above excerpts, PT10 stated that she did not think that the solution for the Free
Roller Coaster activity could be generalizable to any other situation. She explained
this situation as follows:

If it is necessary to interpret the way of solution that we formed by drawing tangent to curve, in
the utmost point of tangent’s slope, tension increases. This was what was wanted from us and
according to this, by making interpretation on shape. We produced indefinite solutions. | do not

think there is another situation that can generalize this situation (PT10, interview for the Free
Roller Coaster activity).

In the preceding quote, PT10 indicated that the solution strategy for the modeling
activity included the idea that excitement increased the most when the slope was at a

maximum. Hence, she thought that the idea was not applicable to other situations.

When the preceding excerpts were examined, it was seen that prospective
teachers declared the idea that a solution of a modeling activity ought to be used in the

similar situations and this was a necessary condition to be a good modeling activity.

Distinctions from traditional word problems

Most of the prospective teachers noted the differences between modeling
activities and traditional word problems according to their own experiences and
educational backgrounds. This situation was the most frequently encountered
throughout the implementation of modeling course. Since most of the prospective
teachers introduced the modeling and modeling activities, they often tried to compare

modeling activities with traditional word problems that they were accustomed to in
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their previous educational lives. As summarized in Table 10, almost all of the groups
identified the differences between the modeling activities and traditional word
problems. The most distinct differences were that modeling activities have an unclear
solution procedure; included more than one mathematical concept; have diverse
solution strategies; are suitable for group work due to requiring discussion; include
situations from real life; and take more time. On the other hand, traditional word
problems have a clear solution procedure; a unique solution; are not suitable for group
working; require the memorization of formulas; do not provoke the mathematical
thinking, etc. These findings were illustrated with prospective teachers’ experiences
throughout the implementation period. For example, PT14 expressed her first feelings
after the implementation of the Summer Job activity. She criticized the traditional word
problems she experienced in the high school level and University Entrance Exam
(OSS). For example, in the following episode, she mentioned the negative features of
traditional word problems such as including memorization rather than thinking, givens
and solutions were clear, stereotypes etc.

Interviewer: OK. Now, we want you to compare this problem to other problems you have seen so
far. | mean back to middle school and then high school etc.

PT14: Well, | mean, when you say problem, I think of problems like in OSS. Problems that never
push you to think, you just need to memorize the formula and then plug the numbers in.
Well, honestly, | thought we were rote learners.

In the following weeks, she stressed that modeling activities included more variables
and more situations that were needed to take into consideration. For example, in the
Bouncing Ball activity, she compared the previous modeling activities in terms of
similarities and differences.

Interviewer: Good. | want you to compare this problem to those you solved in earlier activities,
and in general.

PT14: Well, when you say compare, | understand like, I mean. Well, you reach to bad solutions
on both, I mean; I think there is a little bit difference in solutions. When you are working
on, you of course think about something, you relate things. Well, there is not much to relate
here, but, for example, there are many concepts in the Street Parking activity. | mean, there
was also something about writing, everybody got stuck on writing.

According the above interview excerpt, she observed that modeling activities could

include more mathematical concepts in the same activity and these concepts were

related, or need to be related, which meant modeling activities were more complex.
Another prospective teacher PT9 expressed her thinking about modeling

activities by comparing them with her previous experiences in high school. For
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example, in the interview after the implementation of the Summer Job activity, she
mentioned about their previous education and its applications.
Interviewer: Well, you have seen different mathematical problems beginning from earlier grades

to your university years. Thinking about those problems and this problem together
with similarities and differences, what can you say if you compare them all?

PT9: The problems we have encountered since elementary school were mostly multiple-choice
test items; so, a problem like this is too long and open-ended for me. | mean, it can be
interpreted in different ways, so, | do not remember any problem like this. They were
problems with certain results. And everybody had an idea, and we tried to do something
considering those ideas. We all had different solutions, not individually, but discussing on
each other’s’ ideas.

In the above situation, she was used to multiple-choice types of question in previous
educational background. Hence, she denoted the modeling activities as being lengthy
and open-ended questions. She said that she never met any problem like that. She
mentioned that traditional word problems were more likely certain and led to a more
accurate solution.

PT24 stated that they encountered difficulties when they were faced with
modeling activities because of they were accustomed to multiple-choice tests and
questions. He talked about the basic characteristics of his previous educational
background in mathematics in the following episode from the interview after the
implementation of the Summer Job activity.

Interviewer: OK. What about your first impressions about the activity? Like, is it an appropriate
question?

PT24: Not like “is it an appropriate question?”, but, it is different from the problems we are familiar
with, so this type of problems are harder for us.

From the above scenario, it can be interpreted that prospective teachers’ educational
backgrounds might influence their approaches to modeling activities and take time to
adapt to mathematical modeling and modeling activities.

PT24 also compared the modeling activities with previous ones according to
structural properties. For example, he noted the Bouncing Ball activity that was similar
to traditional word problems in terms of easiness and complexity. He stated in the
reflection paper as follows, “This week’s activity was quite simple compared to the
other questions we solved in the other weeks, and it was a question that did not require
much time for solution. When | read this question for the first time, it aroused a feeling
of being series question on me”. From the quote, it can be interpreted that modeling

activities can be different in terms of their structures.
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In summary, the findings showed that prospective teachers intuitively noticed
and identified the differences between modeling activities and traditional word
problems. Moreover, prospective teachers identified some general properties of
modeling activities in the process of implementation.

Interviewer: OK, well, if you compare this problem to other mathematics geometry problems you
have seen so far, what can you say about similarities and differences?

PT10: The results would be the same, but there would be vast differences in terms of solution
methods. We have done proof with other problems we have seen so far.

Interviewer: What about the high school mathematics problems?
PT10: In high school...
Interviewer: You can think of your whole education life in general.

PT10: Well, we have always given inputs and asked for outputs, never asked to reason about
something. For example, when we were given a geometry problem, we could only solve
it if we saw it. | mean, we have never seen a problem where we need to use sine, cosine,
speed-time formulas, the length of a circle etc. It has been either cosine or sine theorem.
I have never seen a problem that | had to think deep, even at the university. | will not lie
about this, because we never learned geometry. We have just been introduced geometry
this year. It has been mathematics usually, like derivatives, integral, proof, theorem etc.
So, I have seen this kind of things during university years.

In the preceding interview excerpt, PT10 expressed that modeling activities and
traditional world problems could have the same results, but there were differences
between them with respect to the ways they are solved. PT10 also mentioned that
traditional world problems did not require more thinking, and the ways of solution
were obvious. PT10 told that she had never been faced with the problems that had
more thinking process before. PT15 indicated that it could be encountered the situation
like in the Street Parking activity, but the style of activities were different. PT15 wrote,
“This problem is a kind of problem that can be encountered in nearly all geometry
books in terms of solution. But the style of question’s being given us, along with
adding difference to the question also can make the question more complicated with
the concepts like “angle’s being widest””. In the previous quote, PT15 put emphasis
on the style of modeling activities that were distinct from traditional word problems.
It was inferred from the previous excerpt that although the modeling activity seemed
to be like geometry problems in lesson books, but its style was different and more
complicated.

To sum up, most of the prospective teachers stressed the differences between

modeling activities and traditional word problems by giving examples from their

139



previous experiences in mathematics courses. They expressed these differences by
indicating open-endedness, complexity, having distinct solution strategies, the way of
enforce to think, including more than one mathematical concept etc. These differences
were explained in terms of prospective teachers’ specifications gained throughout the
implementation process. It is evident from the given excerpts and other examples that
prospective teachers improved their knowledge regarding the nature of mathematical

modeling and modeling activities.

4.2 Prospective Teachers’ Conceptions of Modeling-Specific Pedagogical

(Content) Knowledge

This part of the dissertation will report the development of prospective
teachers’ thinking about the modeling-specific pedagogical knowledge of modeling
activities in the classroom environment throughout the implementation process. The
main goal of the implementation of the modeling course was to encourage prospective
teachers to gain knowledge about the use of mathematical modeling and modeling
activities. In order to reveal and demonstrate the development of prospective teachers’
thinking throughout the implementation process about what teachers need to know and
what qualifications teachers need to possess in order to implement modeling activities
in the classroom environment successfully and effectively, individual semi-structured
interviews, reflection papers written after each implementation, classroom discussions,
pre- and post-survey forms were analyzed and in the light of emergent findings
pedagogical knowledge, group working, students’ way of thinking, classroom
management, the relationship between modeling and technology, and practical

experience formed as codes.

4.2.1 Prospective Teachers’ Views about Qualifications Needed for Teachers to

Conduct Modeling Process

In this part, the pedagogical ideas that participants developed regarding the
knowledge and qualifications that a teacher needs to be able to apply modeling
activities were reported. The results revealed that prospective teachers developed some
ideas about pedagogical equipment for the teacher by observing the role that the
instructor played in the modeling course. Prospective teachers commented on the role

of the instructor played during the implementation of modeling activities. For example,
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PT24 compared the role of the teacher in terms of the roles the teachers played in the
traditional teaching process and in the implementation of modeling activities.
Interviewer: Well, PT24, | want you to evaluate the role of teacher regarding to both teacher in

traditional teaching and teacher in modeling process. Can you compare two roles of
a teacher?

PT24: Now, in traditional teaching, teacher teaches and the students follow him or her. This
continues like that. However, if teacher, like in the modeling process, do not show the
solution way and prepare the conditions for students for finding their ways in the process,
the development of students show progress. Therefore, the development of students is
very important issue.

Interviewer: OK, What should be the role of teacher in the process of modeling activity
implementation?

PT24: In my opinion, the role of teacher should be a guide or giving inquiry to students. In the
process of modeling, if students do not show any effort, she or he direct students to
thinking about the situation, not telling them to the solution. Thinking is significant for
the development of students.

In the preceding excerpt, PT24 gave an example from his previous high school
experience and stated that teachers in the traditional teaching process only gave lecture
and students followed their teacher’s instructions without asking any questions.
However, teachers should have served as a guide for students by encouraging them to
think more during the modeling process.

In the same interview, PT24 evaluated the role of the modeling course

instructor in the latter episode.

Interviewer: So, what do you think about the role of your course instructor?
PT24: Our instructor?

Interviewer: Yes, he who carries out this modeling course. | think he came to your group during
the solution process. What did he do?

PT24: He came to us; he asked us what we were doing. He listened to us about our ideas on the
solution. He observed which level we were in the solution process. He asked questions
about our solution method. He asked questions like “What will you do if that is
happened?”, “What happens if this goes like this?”” These questions were about to direct
us to understand the situation and the context very well. He avoided from directing one
way and tried to question the way of our solution method. His questions provided us to
check our solution method in the process. According to me, he was good.

According to preceding excerpt, PT24 talked about the instructor’s approach and
questioning style. He stressed that the instructor questioning style such that instructor
helped them to find their way by asking appropriate questions rather than telling them
the correct way. In another interview, PT24 also discussed the instructor’s approach

during the solution process of the Ferris Wheel activity.
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Interviewer: Are there any factors that influence the solution process positively?

PT24: OK, an event happened in the solution process of the modeling activity. We were trying to
solve the problem with our group members and our instructor was checking our solution
method. | believed that we could solve the problem. However, we got stucked. As the
times passed, there was no solution at all. The solution period was extended. In the
process, the instructed asked some questions in order to move us to think about the
situation. That was good. He asked, “Why did you think like that at this point?” By asking
guestions that move us to think more, he guided us to find the correct solution method
without directly telling the method. If he said, like “That was wrong!” I would be
unmotivated. Some of friends could be unmotivated too.

In the above episode, PT24 put emphasis on the questioning style of the instructor and
considered this approach positive for students during the implementation of the
modeling activity. He indicated that guiding students by asking appropriate questions
led them to think more and reach the correct solution. He also said that students would
be unmotivated if instructor said “That is wrong!” or “That is not the case”.

After the implementation of the Free Roller Coaster activity, PT9 drew
attention to the instructor’s intervention during the solution process. She advocated the
instructor’s intervention in the following excerpt.

With the help of this question, | saw how a teacher should interfere to the students when the
students start to solve a question in a wrong way or cannot reach solution. This was a kind of
interference that | had also thought, but when it came to giving examples, no certain examples had
come to my mind. | saw the examples by experiencing. Change of slope question asked on drawn
curve and the slope of this curve and furthermore questions on which points the curve must be
maximum enabled me to perceive the question correctly. When | look at the shape, | think about
how I could not realize characteristic of the shape that | drew in the classroom. Unintentionally, |

had already drawn desired shape but the role of the teacher was essential for me to realize the last
characteristic we had found (PT9, reflection paper for the Free Roller Coaster activity).

In the preceding quote, PT9 pointed out that she learned how to intervene in the
solution process when students could not reach any solution or went in wrong direction
and she agreed with the style of intervention. It was understood that questioning during
the intervention helped her to understand the problem
PT9 also evaluated the role of the instructor after the implementation of the
Water Tank activity. She defended the idea that teachers ought to intervene students if
they did wrong in the following episode.
Interviewer: Hmm, OK. So, PT9, | want to ask you, Can you evaluate the role of the instructor

during your group working? That is, How can you describe the role of the instructor
while carrying out the modeling process and managing the classroom?

PT9: He listens to us. He never directed us so far. In addition, the instructor comes and listens to
us. He asks questions about our solution process. For example, in this week, he asked us a
question. We said that the point should be at the maximum. He asked us which point we
meant particularly. We could not answer the question completely.
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Interviewer: In your opinion, how it should be?

PT9: According to me, teacher should intervene the students when they did a mistake. That is, |
do not mean that it is wrong, maybe teacher want students to summarize the steps of the
solution process in order to give feedback to them about their possible mistakes and make
them notice their own. Teacher should ask questions about the mistakes that students did.

Interviewer: OK, has this happened so far? According to you, did the instructor do this or not?

PT9: The instructor did not do this. He intervened us about the subject that where place should be
taken as 100 meters. He asked questions such as “Which place can it be?”” He explained the
situation to the class also.

In the preceding episode, PT9 asserted that the teacher ought to intervene during the
solution process if the students were solving the problem incorrectly. She also stated
that teacher ought not to tell the correct solution. Instead, teacher could summarize the
problem situation by pointing out the errors they made and ask questions to make them
find their errors.

For the same modeling activity as PT9 mentioned in the previous episode,
PT14 put emphasis on the role the instructor played during the modeling process in

the following episode.

Interviewer: Well, have you thought anything about the solution?

PT14: Did | think anything about the solution? [Thinking]. Well, | pay attention more on the
independent and dependent variables of the graph while I am interpreting particularly the
graphs like that. For example, even when we discussing with the instructor about the
variables. | said that the amount of the water was the dependent variable, and then | said it
was the independent variable. But the instructor did not say anything about the situation as
always. The instructor confused our minds by doing like that.

Interviewer: What did he say that you made confused?

PT14: The instructor asks something that make us confused, but it is good for us. | say the
instructor is coming again and he will make us confused.

In the preceding episode, she indicated that the instructor avoided directing students
during the solution process and asked students to understand the problems situation.
She denoted the instructors’ questions as “confusing”, but she admitted that these
questions were useful for them. The same interview was continued with her evaluation
of the role of course instructor.

Interviewer: OK, at this point, PT14, can you evaluate the role of the course instructor? For

example, what does he do in the class? How does he plays the role while walking
through groups and asking you about the solution process?

PT14: Actually, I learned a lot from the instructor. He asks very logical questions such that he

helps you to find the mistakes on your own. For example, he comes to us, he asks, “What
are finding at that moment?”, “Can you draw the graph of that?” Sometimes I imitate him
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during the group discussion when the instructor comes to our desk. He asks that | am doing
like this.

Interviewer: You mean questioning style.

PT14: Yes, his style is very good. He makes our mind confused by asking question, but these
questions enforce us to think more and more about the situation and the modeling activity.

In the preceding part of the interview, PT14 stressed the significance of the questioning
style of the course instructor in revealing the students’ errors and unperceived points
of the problem situation. She stated that the instructor asked logical questions to help
students find their mistakes.

Interviewer: Doe he say something clearly? Alternatively, he says, “That is correct!” or “That is
wrong!” like that.

PT14: No, absolutely. Even no, we do not get any meaning from his gestures and mimics. When
he laughs, it would be wrong in generally. He asks qualified questions such that he make
you find not only your mistakes, but also the correct ways for the solution.

Interviewer: Can you give a specific example for it?

PT14: | do not remember much really. For example, we compared the volumes by considering the
heights. The instructor asked us “Draw a graph providing different conditions”. By the
question, he helped us to observe different types of the graphs according to the shapes of
the water tank.

In the above except from the same interview, interviewer asked PT14 about whether
the instructor directed prospective teachers by saying “wrong” or “correct”. She stated
that they tried to learn if their solution was correct or incorrect by observing the
instructor’s gestures. She was also asked to give a specific example of the instructor’s
questions that made students find their errors and notice the correct approach, but she
expressed that she did not remember a specific situation for it. When videotaped
records were examined, the situation during their group study on the Water Tank

activity expressed by PT14 is observed in the following episode:

Instructor: | see that you are drawing three graphs.
PT16: Yes.

Instructor: What kind of decisions you take while drawing graphs? According to, what you have
drawn?

T16: We take their shapes into consideration.

Instructor: You have drawn according to their shapes. So, for example this (Water Tank 3), have
you drawn this? How have you drawn this, please tell me.

PT16: For example, is this a triangle teacher? That is, the lower one is not the same with the upper
one.
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Instructor: It is not. It is like cone. Is not it?

PT14: Yes.

PT16: Teacher, first of all, when we fill the hemisphere with water, since it expands transversally
(the lower case of the tank), as the amount of water increases, level of water (h) will increase
slowly, that is, it will increase with decreasing rate. So, the graph will demonstrate an
increase with decreasing rate. The graph of that (see Figure 8).

Yikseklik
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Figure 8 A video still from group 2’s solution and graph drawn on the right side is
the recreation of original sketch for tank 3 in the Water Tank activity.

Instructor: You say graph display an increase with decreasing rate.

PT16: It will increase slowly after a degree. Since here is constant (the cylindrical part of the tank),
let us say cylinder to that, the amount of water increased to the point a.

Instructor: OK.
PT16: Since the shape of the tank from point a to b is cylinder and flow rate is also constant, the
level of the water (h) increases constantly. This part of the water tank (the upper part) is in

the shape of cone. The cone is one third of a cylinder. However, there exist a thing here.

The slope here is decreasing continually; therefore, the slope of the curve with respect to
previous one is more.

Instructor: Is it more?
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Figure 9 A video still from group 2’s discussion on solution of upper part of tank 3

PT16: slightly higher, no, it will be like that.

PT13: In my opinion, it will be like that!

Instructor: Come on, there are different drawings here.

PT15: | do not think so.

Instructor: Wow! You all fall into a serious disagreement now. Four distinct idea emerged.

In the preceding example, the instructor tried to learn how the group reached their
solution. PT16 explained that they divided the tank into three parts that were semi-
hemisphere, cylinder, and the upper part (see Figure 8). It was understood from the
above conversation that they had a problem identifying the upper part of the tank and
PT16 asked the instructor whether it was a triangle. This situation showed that PT16
thought the upper part of the tank was a triangle. In fact, it was a cone shape and the
following part of the conversation demonstrated this resulted in a series of mistakes in
the solution process. It was clear that the group members agreed on the graph of the
first two parts of the tank. However, all members had different ideas regarding the
shape of the graph of the upper part of the tank (see Figure 9). This situation was
explained by the instructor.

PT13: Teacher, here is linear. We do not decide whether this line will go over according to previous

part of the graph or it will go down. That is, will the slope of that line be higher or lower
than the previous drawing?

Instructor: Where? Is it at this point or that point?
PT13: That point [pointing the third part of the graph, after the point b]

Instructor: Ok.
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PT13: We have not decided yet.
Instructor: Think about that critical point here. Any pencil? [Drawing a cone]
PT14: Isitacone?

Instructor: If we assume that part as a cone, let us suppose the shape like that (referring to the
shape in Figure 10 below).

PT14: But, is there any increase here?

Instructor: If you want to draw the graph of this, how do you draw it? What is the graph of this?
PT13: The amount of water versus height of water level.

Instructor: The amount of water or briefly, we can say it volume of the water. Is not it?

PT13: Yes.

Instructor: And height. Let us denote that with h. Yes.

In the above conversation, PT13 explained the problem they had faced during the
solution procedure. PT13 pointed out the transition point in the graph. The transition
point was at the end of the cylindrical part of the tank and at the beginning of the part
shaped like cone. By drawing a sketch (see Figure 10), the instructor asked the group
members to visualize the upper part of the tank from a different perspective. After
drawing the cone sketch, the instructor asked the question “If you want to draw only
this graph, what kind of graphic would you draw? What graph is this and whose is this
graph?” in order to help students overcome the difficulty they were having with the

problem.

Yin)

Figure 10 A video still from the instructor’s sketch and the drawing on the right side

is the recreation of the instructor’s original sketch
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Instructor: How would you do that?

TC16: | would do like this (see Figure 11). There exist a similarity in the triangle. If | say S, 3S,
5S. What happens?

Instructor: What did you do? Did you divide into volumes?

PT16: Yes, | divided into volumes. Totally, I got 9S. First of all, it will fill the 5S part of the cone,
then.

PT15: What will be these heights? [Instructor pointing out the heights of pars of cone]
PT16: All of them are equal.

Instructor: Have you taken the heights as equal, have not you?

PT16: Yes, | have.

Instructor: How do volumes change?

PT13: S, 3S, 5S. No.

Instructor: Do volumes change like that?

PT16: You know there exists triangle similarity; | think it is valid for cone also.
Instructor: What do you compare with by using triangle similarity? What do you mean from 3, 5?
PT16: You know it happens in the triangle.

Instructor: Areas?

PT16: Yes, areas. | think areas of the triangle are related to volumes of a cone.
Instructor: OK, I understand. You say they are associated.

PT16: Yes, everything like pi square.

PT15: For instance, the line will go like that. In normal, it was like that [Showing the drawing
style].

PT13: Yes, it will like that. Let us delete here.

Instructor: How did it happen? Do you all agree with it? There is no problem if you all agree with

it.
In the preceding conversation, the instructor asked the group members how they drew
the graph of the sketch to encourage them to predict the shape of the graph. PT16
asserted the way of his solution strategy with the help of triangle similarity. PT16 used
proportions with area for triangle similarity by denoting S, 3S, and 5S for areas slices

of the triangle (see Figure 11).
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Figure 11 A video still from the solution of PT16 and the drawing on the right side is

the recreation of the instructor’s original sketch

The instructor asked several questions on the solution strategy of PT16 and
tried to draw attention to the conceptual mistakes that might stem from confusing the
proportions with area and volume. From above conversation, it was clear that PT16
used triangle proportions similar with area to interpret the volume of the cone. PT16
stated that area of the triangle was related to volume of the cone. The instructor tried
to help him find his error by asking questions “What are you comparing with in triangle
similarity? What do you mean by 3, 57" and “Are they areas?” The instructor also tried
to involve other members of the group in the discussion by asking the question “How
did it happen? Do you agree with it?”

Instructor: OK, if we take equal intervals on that axis [y-axis], there exist different values on that

axis [x-axis] will change accordingly. OK, you went from there, let us look here more
closely. What are these S, 3S, and 5S?

PT16: Teacher, they were obtained from triangle similarity.

Instructor: What is 3S in the similarity?

PT16: For example, let us take 1 to 2.

Instructor: What do you mean 1 to 2?

PT16: OK, let me show it.

Instructor: If this and that are equal, where is 1 and 3?

PT16: Teacher, their ratio of areas are proportional to the square of their edges. If the area here is

S, then all of them is 4S. Therefore, 3S remains to the area. Then, if we draw the same
triangle, 5S remains there.
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Instructor: OK, you mentioned about the area here. Is not it? You say it will be equal when you
multiply edges with height. I do not understand, by volume.

PT16: Yes, length of there x, then here is 2x. Then, these areas will be proportional to squares
of these edges.

Instructor: Let us think a cone like that. The other sides need to be equal, a cone like that. It can
be continued like that (see Figure 12). Do you say the volume of this part is one third
of that part?

PT16: Can I try?
Instructor: OK, try then.

In the above conversation between the instructor and PT16, it was understood that
PT16 continued to believe that proportions with areas could be used for proportions
with volumes. The instructor also continued to pose questions about the strategy that
PT16 used to solve the problem. It was evident from the above part of the conversation
that PT16 proposed that the volumes of the cone slices were proportional to the square
of their areas with ignoring the heights of triangle pieces. Again, the instructor tried to
draw attention to the ratio of the volume of cone slices by drawing a new sketch and
underlining the cone shape and its volume (see Figure 12). The instructor continued
asking questions about the new sketch and volume of slices of the cone with equal
heights h. From above conversation, PT16 did not understand the point the instructor
was trying to make but PT16 decided to try by considering the volumes and their
heights.
PT16: If here was 1 (assigned value to edge of inner triangle), then here 2 (assigned value to edge
of exterior triangle). Okay, let me draw a triangle here. Then we get 1, and four by squaring

each. What will be total area? Hmm, | will multiply this (assigned value 1) with h, and
multiply this (assigned value 4) with 2h.

PT14: Yes.

PT16: Yes, so if here is S, then total will be 8S.
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Figure 12 A video still from the instructor’s sketch of the upper part of tank 3 and the

drawing on the right side is the recreation of the instructor’s original sketch

PT14: Yes, that is true.
PT16: Hmm, maybe it will increase like that.

PT14: 1t will increase; | think it will increase by increasing rate. Because when it goes up to here,
assume that it will increase the volume 5V. If we think, here will be 8V. We add a little
volume to that.

Instructor: OK, now PT16 tell your friends what is happening. Tell your friends the last point.
Maybe they would disagree with you. They find a mistake again.

PT16: Now, I think, I assumed that cones are similar to triangles. When I tried again, | found that
the volume of the inner part is S and of the exterior part 7S.

In the preceding conversation, it was understood that PT16 realized the mistake he
made when relating the triangle with the cone in computing the volumes of cone slices
and corrected it. This finding showed that the instructor’s role in the modeling process
is important as well as how the instructor helped students by asking appropriate
questions to help them find their errors and reach a correct solution. This view was
expressed by several prospective teachers and they put emphasis on the role of the
teachers during the implementation of modeling activities. It can also be interpreted
the instructor’s played a role in noticing the problem in the solution strategy and helped
students by asking appropriate questions to ensure that students notice their conceptual
errors. This situation provided prospective teachers with the opportunity to revise their
solution steps and comprehend the problem situation more conceptually. Similar

conversations between prospective teachers and the instructor in other groups were
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observed during the solution process of modeling activities, and the instructor showed
the similar approach for other groups’ members like in the case of group 2.

Prospective teachers’ responses to the question “What kind of knowledge and
skills do teachers need in order to implement modeling activities in the classroom
setting effectively?” were analyzed. As a result of the analysis, prospective teachers
indicated that teachers need to possess mathematical content knowledge, pedagogical
knowledge of modeling, knowledge of modeling, knowledge of the nature of modeling
activities, and knowledge of classroom management in order to carry out modeling
activities effectively and successfully in the classroom environment. The findings
demonstrated that prospective teachers developed significant ideas about the
knowledge that they thought that teachers need to have to conduct mathematical
modeling activities in their classrooms successfully.

When prospective teachers’ responses were reviewed, almost all of the
prospective teachers declared their opinions about what teachers need to know. Some
of the prospective teachers drew attention to the pedagogical knowledge of modeling
in their answers to the question in the post-survey form. For example, PT9 pointed out

that the role of the teacher in the classroom during the modeling process. She wrote:

A teacher should determine his or her role well in a classroom. The teacher should be like a
guide and she or he should not give every information instantly. She or he should enable the
students to discover that information on their own. She or he should understand the students'
way of thinking and should lead them and their mistakes according to it (PT9, post-survey
form).

In the preceding quote, she emphasized the role of the teacher as a guide and suggested
that the teacher ought not to tell every detail related to the subject matter, but rather
she or he should help students access the required knowledge by himself or herself
with comprehending their students’ thinking. Another prospective teacher PT14
expressed her opinions about the pedagogical knowledge of modeling needed for
teachers as follows:

A teacher also be able to predict possible mistakes of the students or problematic subjects for

students and the teacher should be a leader that enables students to notice their own mistakes.

When the students make mistake in any phase of the solution, the teacher should interfere but this
interference should be used to help them find their own mistakes (PT14, post-survey form).

In the above excerpt, PT14 stated that teachers ought to predict the possible mistakes
and difficulties students may have. In addition to this, they should assist students in
recognizing their own mistakes during the solution process. She also indicated that

teachers ought to intervene to the solution process, but it should be in the direction that
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helps students find their own mistakes. PT17 expressed similar opinions with PT14 for
teachers about predicting difficulties that students might encounter and having an idea
of how to approach to these difficulties.

Another required quality needed for teachers to implement modeling activities
concerned content knowledge. Prospective teachers put an emphasis on the content
knowledge of mathematical subject matters during the mathematical modeling
process. For instance, PT12 pointed out the content knowledge that teachers needed
during the implementation of modeling activities. She wrote, “First, a teacher needs to
be mathematically well equipped. She or he needs to answer the questions correctly
asked in the process of problem so that the students are not misleaded? For this reason,
she or he needs to be well equipped”. In the previous quote, PT12 underlined the
content knowledge for teachers during the modeling process such that the teacher
ought to have enough content knowledge in order to reply to students’ questions and
not mislead them. Similarly, PT24 asserted that teachers who wanted to implement
modeling activities in the classroom setting ought to have mastered content knowledge
of subject matters. He explained his opinion as follows: “A teacher should also have a
grasp of the mathematical concept that is analyzed in question. Because they should
be able to find solutions and be able to direct the students to the right way”.

Prospective teachers suggested that knowledge of modeling and the nature of
mathematical modeling activities were prerequisites that teachers needed to possess.
It was evident from the prospective teachers’ responses that knowledge about
modeling and modeling activities was significant for teachers in order to implement
these activities in the classroom environment successfully. For example, PT5 pointed
out teachers’ knowing what modeling really meant in the following except:

A teacher needs to know what the modeling is in order to be able to implement modeling question
in a classroom. Alongside this, how to help to the students must be determined. A teacher should
also have sufficient knowledge about the activity that he will implement and should be open to

ways of solution. S/he should have an idea about possible questions and problems (PT5, post-
survey form).

In the above excerpt, PT5 asserted that teachers ought to know the meaning of
mathematical modeling before the implementation of any modeling activity. PT5 also
noted down that teachers should determine how to help students during the modeling
process and have enough knowledge about the nature of the modeling activity
including possible solutions, questions from students, and any difficulties that students

might face.
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In addition to prospective teachers’ thinking about the knowledge that teachers
needed to possess, prospective teachers mentioned classroom management during the
implementation of modeling activities. Prospective teachers reported that teachers
ought to know how to manage classroom while carrying out the modeling activities.
For instance, PT9 stated that teachers ought to be aware of how to manage classroom
and preclude possible noise during the group presentations as follows: “A teacher
should maintain class management; because she or he needs to avoid possible noise in
group presentations”. Similarly, PT5 discussed classroom management in terms of
time allocation in the following: “Teachers should use time effectively and should give
enough time to the students for the activity”. It was seen that other prospective teachers
suggested that classroom management ought to be taken into consideration during the
modeling process. In light of the prospective teachers’ expressions on the post-survey
forms, interviews, and classroom discussions the knowledge that teachers need to
know in order to implement modeling activities in the classroom environment are

illustrated in the following table (see Table 11).
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Table 11 Views of prospective teachers about the needed knowledge for using modeling activities in classroom setting

Content Knowledge

Pedagogical Knowledge of
Modeling

Knowledge of Modeling

Knowledge of the Nature of Modeling

Activities

Knowledge of

Classroom

Management

e Having mastered
the concepts that
were investigated

e Having equipped
with subject

matter knowledge

e Knowing where and how to
intervene

e  Provoking students to think

e Knowing how to guide
students

e Asking leading questions

e Knowing the role in the
modeling process

e Being in the guide position

e Providing students to access
to the knowledge on their
own

e Having the knowledge of
the students way of”
thinking

e  Using the modeling
activities for the intended

aim

e Having the knowledge

of modeling

e Having taken similar

courses with modeling

Activities ought to be solved before
Having foresight about the activities
(Solution ways, student questions,
possible difficulties etc.)

Having no suspect about the activity
Having the knowledge of developing

modeling activities

Giving enough time
Knowing classroom
management
Preparing
application plan and
following it
Preparing condition
for free expression
of ideas

Being tolerant,
understanding, and

patient




4.2.1.1 Prospective teachers’ thinking on knowledge about the students’ ways of
thinking when solving a modeling task

After the analysis of prospective teachers’ responses to the post-survey form,
individual semi-structured interviews, field and observation notes, and reflection
papers the findings demonstrated that prospective teachers should try to understand
the students’ ways of thinking to observe different students’ ways of solutions; to be
informed about possible mistakes that students could do; to see what and how students
think about mathematical concepts; to see what kind of difficulties students suffer in
the process. For example, PT16 pointed out that the students’ ways of thinking was
significant in revealing the diversity of students’ approaches to the solution as revealed
in the following quote:

When they deal with an activity that they have never seen or done and if they are aware of the
daily life problem, incredible solutions, which also have never come to my mind, occur and come.

. - . 1 .
Like scaling in roller coaster and trying to use mgh, 5 mv’ . The student tries all the ways to reach

the solutions. But when | analyzed solution papers of the students till now and when | watched
videos, | noticed that they have weak proving skills (PT16, reflection paper for the Free Roller
Coaster activity).

Similarly, PT11 indicated the same function of students’ way of thinking in the post-
survey form as follows:
A far as I saw in students’ videos and solution papers of the students, the students can see the
question in its different aspects. The ones that reach the solution are quite a lot. Modeling questions

are quite effective to understand the mathematical thinking ways of the students. Their solutions
for the question show us what they know or do not know (P11, post-survey form).

In the preceding excerpt, PT11 stressed the significance of the modeling activities in
understanding the students’ way of thinking and stated that students could look through
the modeling activities from different perspectives in order to solve them. As indicated
in the application plan (see Appendix B) students’ ways of thinking were implemented

after four modeling activities.
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Figure 13 A view from prospective teachers’ works on the students’ ways of thinking

sheets

Prospective teachers interpreted students’ way of thinking in terms of how
students’ work gathered in the in-Service part of the same project. Several prospective
teachers said that they felt astonished when they saw the solutions and students’ the
way of thinking in the solution procedure (see Figure 13). For example, PT2 and PT3
expressed their ideas to the instructor about the students’ way of thinking during the
examination of the students’ work in the following episode:

PT3: For example, after completing the activity, we went to our homes. We wrote reflection

papers. When writing the report, there existed a question “When you looked through the
eyes of a teacher, how students approach to the question?”

Instructor: Yes.

PT3: Obviously, | wrote the same thing in all reflection papers. I always used to think the same
way. | used to assume that students think like me. | think they would make the same
mistakes, but | am surprised and do not expect that. 1 am surprised when | see these
mistakes. They thought differently. | mean, they made interpretation according to their own
drawing. They saw wrongly, so they draw a perpendicular line. They made foolish
mistakes. | do not think they made these mistakes.

PT2: They constructed a geometric shape and then they interpreted it. For example, one group
members did not think whether a car could park the place or not. They parked the car with
by the length 2.64 meters. Ok, by establishing a geometrical shape, then what can | do?

PT3: I mean, they did not see it as a problem, but they saw it as a geometry question.

Instructor: Ok, Other students also told what you told about. That is, these are to be investigated.
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PT3: That is to say, obviously we had not have any activity like that so far. Since we had not been
any setting, so we saw a classroom setting in this activity. | mean we had been in classroom
as students and we did similar mistakes. These mistakes can change person to person, so
we did not see anything in general. | wrote this on my report in the yesterday evening.

PT2: I will change this in my reports accordingly too. | always write positively like | will do like
that and that. In my opinion used to say mistakes could be very simple. For example, | said
that they could not see that the angle was 360 degrees in The Ferris Wheel activity.
However, | observed that they could do very simple mistakes that I could not guess. I
noticed that.

PT3: For example, | do not see no more things as being a teacher. As if, the problem is clear and
obvious. It seemed like they saw hints clearly, but there existed more things. That is, there
are more duties for teacher in the modeling process.

In the preceding conversation, PT2 and PT3 mentioned the difference between the
possible outcomes of students’ way of solutions and thinking they envisioned when
they were writing reflection paper and the real documents retrieved from the in-service
part of the project. PT3 indicated that a difference between the envisioned situation
and the real situation in terms of students’ way students were thinking was surprising.
PT3 expressed that students could think differently from them and make simple
mistakes in the solution process. PT3 noted that exploring students’ work revealed that
teachers had more responsibilities during the modeling process than they considered.
Prospective teachers suggested that students’ way of thinking provided a way
for teachers to understand how students think about mathematical concepts. They
could observe which point they did not comprehend in the subject matter and hereby
teachers had a chance to revise and refine the teaching of the related point. For
example, PT6 illustrated this approach as follows:
I think modeling activities are useful in understanding mathematical thinking ways. Because
instead of solving the question with a formula in a normal mathematical question, we try to make

the question solved by students’ questioning. In this process, we see to what extend they have
understood or not and how to fix these points (PT6, post-survey form).

In the preceding quote, PT6 stated that the modeling activities were beneficial for
understanding students’ mathematical way of thinking, and teachers could detect the
concept that students did not understand and how to refine it with the help of students’
way of thinking works. PT20 also stressed the importance of students’ way of thinking
works in terms of revealing the missing situations related to the knowledge that
students learned in the process. PT20 wrote:

With the studies that students have carried out, mathematical thinking ways of the students help

us a lot to see whether the students have understood the mathematical subjects, false ideas about

the subject and also helps to see if there are problems in practice even though the subject is
understood (PT20, post-survey form).
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Prospective teachers emphasized that students’ ways of thinking about work
helped teachers in many ways such as providing information about whether students
understood the subject matter or not, observing the application of the gathered
knowledge on the activities, and detecting the misunderstanding of the concepts during
the implementation of the modeling activities. For example, in the following quote,
PT8 compared the modeling activities with traditional word problems in terms of their
characteristics in assessing students’ knowledge.

We cannot understand fully how the students actually think about that mathematical subject with
the exam questions during the lessons. We can have detailed information about thinking ways of
the students as we can see and evaluate clearly with modeling questions both concretely (papers
of solution) and verbally (presentations) what and how the students think, what the students know

or do not know, among which subjects they establish connections and which mathematical
concepts they use (PT8, post-survey form).

According to preceding excerpt, PT8 asserted that traditional word problems were
insufficient to understand how students thought about the related subject matter.
Nevertheless, it was possible to observe how students’ think, what they know or not,
to which subjects they make connections and which concepts they used during the
modeling process. PT8 indicated that they discovered knowledge about students’ way
of thinking with the help of modeling activities. In addition, PT14 suggested that
students’ way of thinking works would be helpful for understanding students’
difficulties, deficiencies, and misunderstandings.

As | mentioned before, indeed, with help of this lesson | realized for first time that 1 am a

prospective teacher. Because in the simplest term, | had never tried to guess possible mistakes of

the students by putting myself in students’ place. Seeing the subjects misperceived by the students,

their difficulties, inadequacies, and strength will make great use and contribution in the future
while performing my job. In this sense, this course was a guide for me (PT14, post-survey form).

In the preceding excerpt, PT14 stated that she realized the fact that they were
prospective teachers thanks to the modeling course. She expressed that comprehending
students’ way of thinking would be beneficial for her when she became a teacher.

In summary, almost all of the prospective teachers emphasized the significance
of the students’ way of thinking about their work. They also indicated that this work
would be helpful for teachers in noticing the distinct way of students’ solutions,
detecting students’ deficiencies, and difficulties they had. It would also help them
become aware of how students think about the mathematical concepts and subject

matters.
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4.2.1.2 Prospective teachers’ views about knowledge about classroom

management during the modeling process

In general, classroom management is a required process in order to carry out
teaching and learning in a smooth manner in the classroom setting. In this part,
“classroom management” refers to managing and operating activities including what
teachers should do prior to the implementation of a modeling activity (e.g. selecting
modeling activity, preparing implementation plan), how teachers implement modeling
activity in the implementation process (e.g. implementing the activity by grouping or
individually), how teachers play the role in the process, and what teachers do after the
implementation of the activity. Since this part of the study included interrelated issues
with previous findings, situations that prospective teachers experienced before and
after their implementation of modeling activities, ideas they grasped about knowledge
that during the implementation period about the use of modeling activities in the
classroom setting were reported in this sub-section. Individual interviews, project
reports written after the implementation experience, transcripts from video and
audiotaped records, field, and observation notes constituted the main source of this
section.

The findings demonstrated that most of the prospective teachers preferred
group work as a method for implementation (see Table 18, section 4.2.2.3) and
designed a plan with their group members for their implementation experience (see
Appendix L). Some of the prospective teachers believed that they could use group or
individual work methods according to the properties of modeling activities.
Prospective teachers stated that they tried to comply with the implementation plan that
they prepared, but they had difficulty allocating enough time for the implementation
process. As a result, they said that they revised the implementation plan according to
deficiencies they faced during the implementation. Prospective teachers stressed the
importance of the implementation plan for conducting modeling activities
successfully. For example, PT12 shared her ideas about classroom management during
the modeling process with emphasis on the implementation plan in the following
excerpt:

First of all, teachers should know characteristics of a class. Then, they should prepare
implementation plan according to the level of the class and they should manage the plan
accordingly the level of the class. At first, the teacher should learn whether the question is

understood or not by going near each of the groups. If there are problematic parts in the question,
the teacher should help the students by guiding them. After that, the teacher should give priority
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to the groups whose solutions are different in the process of the students’ presentations of their
solutions and the teacher should pass to phase of summing up after the students’ presentations are
completed. Finally, in this phase, ideas and opinions of the students should be reminded and correct
or incorrect ones should be shared with students and then the lesson should be finished (PT12,
post-survey form).

In the preceding quote, PT12 stated that the implementation plan ought to be prepared
according to the general characteristics of the class. PT12 also summarized how
teachers manage the classroom according to possible events such as walking around
the groups and guiding them through the activity if they an encounter any parts that
are difficult. In general, the instructor asked the prospective teachers whether they
understood the context of the problem after giving them enough time to read the given
activity sheets. For example, instructor asked students what they understood from the
activity sheet during the implementation of the Free Roller Coaster activity. The
following episode illustrated the situation that occurred between the instructor and

prospective teachers.

Instructor: Have everyone read the activity sheet?
[No reply, everyone is discussing]

Instructor: | should think so. Even they have already started to produce solution. OK, what did you
understand from the text of activity?

PT21: I think it is confusing.

Instructor: It is confusing. What does it ask?

PT21: I understand that we need to design a railway such that it has slopes and fluctuation in three
parts. Therefore, some values are given. It should be more than these values or we need to
design the railway between the intervals.

Instructor: Which part of the text is confusing?

PT21: The railway need to have three fluctuation, for aught I know.

Instructor: Let us read the text again. Okay, you read quickly. Let us read again please.

In the preceding episode, the course instructor asked prospective teachers whether they
had any problem in understanding the problem situation or not. In order to clarify what
was understood from the given sheet, instructor randomly selected a student and asked
her to explain what she understood from the text. It was evident from the above episode
that PT21 implied that the text of the activity was confusing and instructor wanted all
prospective teachers to read the given sheet carefully. The role played by the instructor

during the implementation was paid attention by prospective teachers. For instance,
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PT15 illustrated suggested role for teachers in the implementation period in terms of
classroom management in the following excerpt:
I believe that this process needs to be done by the teachers who are educated and knows the subject.
Because | think that, a teacher should be a very good guide and be able to guess the possible
questions in this activity's practice process except from the class management... For this reason
while preparing implementation plan, first of all teachers should adjust time in accordance with
students' level. Furthermore, a teacher should make sure of using this implementation plan and

proceeding gradually. While planning this plan she should be cautious about all kinds of obstacles
and she should make his plan flexible enough (PT15, interview for the role of teacher).

According to above quote, PT15 point out the characteristics of the teachers who
wanted to implement modeling activities and offered several suggestions for teachers
to carry out modeling activities successfully and effectively. PT15 highlighted the
importance of implementation plan and complying with the plan. PT2 also pointed out
the significance of the implementation plan in classroom management during the use
of modeling activities in the following quote:
I think that a teacher should be able to control the class but she or he should avoid seriousness and
tension that can bore the students... She or he should not give the answer directly to the students
but s/he should ask and answer questions that lead them to the solution... While summing up the
lesson, one should pay attention to form an implementation plan in which all the ideas are
presented, questions are asked by the teacher and heard by everyone in the class, the subject is
summed up in general after all the opinions and ideas are taken without any chaos, correct and

incorrect ones are distinguished and finally a plan which is visible both for teacher himself or
herself and the students (PT2, interview after implementation experience).

In the preceding quote, PT2 mentioned the balance of the teachers’ authority in regard
to classroom management during the implementation of modeling activities. PT2 also
put emphasis on the teachers’ role in responding to students’ questions as well as ideas
concerning the solution process during the modeling process.

To sum up, prospective teachers emphasized the importance of classroom
management during the implementation of modeling activities. Prospective teachers
paid attention to preparing an implementation plan. They focused on time allocation,
group or individual working styles, checking and revising solution procedures and the
role of teachers during the implementation period. In the light of obtained findings
from prospective teachers’ project reports and transcripts obtained from video and
audiotaped records, prospective teachers suggested that teachers ought to pay attention
to the following situations during the modeling process:

Teachers should be able to

e prepare an implementation plan according to the characteristics of the class,

e prepare a flexible implementation plan and comply with the plan,
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e ask questions that will help students find their mistakes and guide them to the

correct solution,
e walk around the groups and be aware of solution processes,
o allocate suitable time for each section,
e dominate the classroom,
e arrange groups homogeneously and voluntary,
e avoid making certain judgments (e.g., “That is correct or wrong!”),

e make members of groups who had different ways of solving the problem

present,
e summarize the ideas developed during the modeling process.

Prospective teachers indicated that implementation of modeling activities would reach
the intended aim if the above bulleted situations were taken into account by the
teachers regarding classroom management during the implementation process. The
findings demonstrated that prospective teachers took the “Implementation Guide for
Modeling Activities” (see Appendix M) into consideration, but some unforeseen
problems could arise in the process, and they hoped to maintain a positive classroom
environment by effectively revising and re-defining the problems that emerged during

the implementation process.

4.2.1.3 Prospective teachers’ thinking about their own implementation

experience

As part of “modeling course applied plan” (see Appendix B), prospective
teachers were asked to develop and implement a mathematical modeling activity as a
group. Participants developed a modeling activity with their group members and
designed an implementation plan in order to carry out the process effectively. The
findings showed that prospective teachers paid attention to the implementation time,
intended gains, and potential students’ mistakes while preparing the implementation
plan. For example, as a member of group 4, PT10 illustrated their process of preparing

an implementation plan in the project as follows:
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While forming implementation plan, we had already had an implementation plan and we headed
away from explanations for this plan. We determined to which classes this implementation would
be implemented. We calculated practice time by considering lesson duration in a way the students
would not be bored. As we will perform an implementation, we separated total time into small
pieces. For example, we gave five minutes to explain the question and for the presentations, we
gave half an hour. We gave these minutes according to the circumstances we experienced. We
formed an implementation plan by considering what kind of things a student should acquire with
this question. We thought about what kind of skills a student should use for this question. We
decided which tools and equipment the students need to use and tried to procure them (PT10,
report written after the implementation experience).

In the preceding excerpt, PT10 expressed that they used the given sample
implementation plan during the preparation and divided the implementation process
into sections. They devoted suitable time for each section such as giving 5 minutes for
explanation of the problem and 30 minutes for the presentation part. PT10 indicated
that they prepared the implementation plan according to objectives of the modeling
activity and what students gained from that implementation. PT23, a member of group
6, stated that they took the intended objectives into consideration while preparing their
implementation plan. PT23 wrote:

While forming an implementation plan, there were ideas such as for which level of class, in which

learning environment we can place our activity. According to this, we formed our plan and then

we thought about what we can add to each space in this plan and considering this, we formed our
plan (PT23, report written after the implementation experience).

In the above quote, PT23 mentioned that students’ levels, learning domain, and
intended objectives were taken into consideration while developing the
implementation plan. PT24 described the process of preparing the implementation plan
for their groups (group 7) on the basis of potential students’ thinking about the ways
of solution in the following excerpt.
While forming the implementation plan, we put emphasis on ideas such as how the students can
see many more ways of solutions, how the students see or grasp all the concepts in the question,
what kind of attitudes the students have for different solutions in different discussion
environments. Moreover, this plan was prepared considering high school students and it was a
method that can be liked by them. However, when this plan was implemented to students in our

class who are above high school level and as the time was limited; unfortunately, we could not get
efficiency that we had expected (PT24, report written after the implementation experience).

In the preceding quote, PT24 indicated that they focused on how students choose
different solution strategies and the mathematical concepts embedded in the modeling
activity in the modeling process. He further stated that they prepared their
implementation plan for secondary school students, but they did not effectively
implement the plan due to time constraints. Other prospective teachers also expressed

this issue as indicated in the above paragraphs.
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As indicated in the given exemplary situations about the importance of
preparing an implementation plan and which points needed to be considered while
preparing it, prospective teachers developed ideas about the points that ought to be
taken into account when teachers prepared implementation plan. The points that

prospective teachers suggested as groups are illustrated in the Table 12.

Table 12 The issues that PTs considered while preparing an implementation plan for

the modeling activities they developed as groups

Groups The points taken into account in the preparation plan
Group 1 Student ideas/thinking for solution

Potential ways of solution
Group 2 Students’ thinking processes

Potential student mistakes
Determining duration of the implementation
Feasibility of the plan
Group 3 Determining duration of the implementation
Target objectives
Potential student mistakes
Group 4 Determining duration of the implementation
Target objectives
Materials would be used in the process
Distribution of tasks
Classroom organization
Group 5 Determining duration of the implementation
Target objectives
The way of reaching objectives
Potential student questions and their answers
Group 6 Level of the class
Learning domain
Target objectives
Group 7 Perspectives of students
Potential attitudes and behaviors of students
Implementation ought not to be boring

As it was seen from the Table 12, prospective teachers suggested mostly that duration
of the implementation and target objectives ought to be determined while the
implementation plan is being prepared. In addition to these points, prospective teachers
put forward different ideas such as students’ thinking processes, students’ potential
ways to come up with a solution, ways to identify students’ mistakes classroom
organization, levels of students, and feasibility of the plan etc. It can be interpreted that
prospective teachers noticed the significance of the implementation plan and
developed ideas regarding what should be included in the plan.

Prospective teachers evaluated the situations they faced throughout the

implementation experience in both project reports and interviews after the
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implementation experience. In this sense, prospective teachers reported that students
produced used many creative tactics for solving the problems. Participants stated that
they were sometimes able to predict the techniques students would use to solve the
problem but they were surprised by some of the steps students used to find a solution
during the modeling activity. For example, members of group 4 indicated that students
displayed both expected and unexpected ways of solution for their developed modeling
activities. In the following episode, prospective teachers discussed the expected

solution ways.

PT12: They used inverse proportion.

PT10: Yes, we certainly thought that they would find the lengthd and e . We also considered that
they would get distinct solutions. The results confirmed us. That is, we expected these
solutions. It was good.

Interviewer: So, was the aim of this activity to reach distinct solution methods?

PT10: Yes, the aim of the activity was so. | told you that we wanted to prepare a modeling activity
that involves multiple ways of solution techniques. We saw from our friends, and we tried
different solution ways after establishing the modeling activity.

In the above episode, prospective teachers expressed that the solution to the problem
varied from group to group during the modeling activity. They indicated that the
purpose of the modeling activity was to show students that modeling activity might
have more than one way to find a solution. In the same implementation experience,
prospective teachers stated that they encountered unexpected ways of solving the
problem for their modeling activity. For example, group members indicated in the
following episode that students presented unexpected strategies for the solution.
Interviewer: So, actually | want to ask something that you answered unintentionally. What did you

expect before the implementation experience? What did you find after the
implementation? Did unexpected situations happen?

PT11: Yes, it happened.

PT10: I thought that they would sum up and use proportion, but they thought that dividing money
according to the number of person, that was a quick solution rather than following the
operation one by one.

Interviewer: There existed an inverse proportion between them.

PT10: Yes, they thought that. The number of person will increase; the ratio will increase that
influenced the sequence. Some of the groups used method of giving points.

Interviewer: They used unexpected approach for the solution. Did not they?

PT10: Yes, I did not expect that approach.
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In the preceding episode, prospective teachers expressed that students presented
different ways of finding a solution during the solution process, and some of the groups
used unexpected strategies in order to find a solution during the modeling activity.
This situation demonstrated that it might not possible to foresee the all the possible
ways of solution for a modeling activity. Similarly, PT17 stated that students found
unexpected solutions during the modeling activity. She wrote: “Well, | think at lead
sprinkler can be put in a different way instead of putting them in quadratic form. Well,
an idea came to my mind. Why do we ignore sprinklers' being stacked up on top of
each other and their getting wet?” It was understood from the previous quote that
students could think different from the instructor’s expected way of solution in the
modeling process. Another unexpected exemplary solution way was reported by PT9
for her group (group 5) in the following excerpt.

Solution approaches for the question were really different and fine. We had already predicted

possible a few situations as we practiced this question in many different groups. But in classroom

practice solutions different from our predictions came. Main solution idea was the situation of

arranging the equal chances that correspond to the equal points to equal areas. Solutions that
verifies this would be correct and valid solutions.

5]

The most likely solution we expected was their allocation of circle into ten equal areas by drawing
radius from the center (Drawing 1). Of course, another solution was also possible with equaling
areas and changing radius of annuluses (Drawing 2). While the first situation came to one's mind
for the implementations in outdoors, in classroom implementation groups usually took the second
situation into consideration. Of course, there were different solutions, too. For example, a Sudoku
like board design offer in which score system was thought from one to nine came and it was quite
well received situation for us as a group. Indeed, probabilities of the scores would be equal and
sometimes next to number 1, number 9 would come and excitement and tension would increase
(PT9, report written after the implementation experience).
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In the preceding excerpt, PT9 indicated that there existed distinct ways of solutions in
their implementation experience. Students thought different approaches for the
solution of the modeling activity. PT9 gave two approaches from different groups, the
first solution strategy was the expected one (Drawing 1), but most of the groups
preferred the second way (Drawing 2) which was not expected solution method. Other
groups reported similar results for students’ ways of solution.

The findings demonstrated that prospective teachers observed that students had
difficulties during the implementation stage stemming from their own developed
modeling activities. Prospective teachers reported that some difficulties emerged in
understanding of the problem situation during the period of implementation
experience. These difficulties were caused by structural problems of the developed
activities, problems related with linguistics and ambiguity, incomprehensibility about
what was asked, and not making relationship between givens and what was being
asked In other words, students had problems making relational and logical
connections. For example, PT23 stated that their modeling activity had problems
related to linguistics and ambiguity in the interview after the implementation

experience in the following episode.

Interviewer: We stayed at here, what did you say about the activity?

PT23: Now, here it is, creative thinking like those. Which one is seen by more people, the idea of
target audience can be reached more. Some of the groups understood the context of the
modeling activity, but some of the groups misunderstood the activity due to reason that we
expressed wrongly or they misunderstood. We had two schedule lists for the work. We
wanted them to use these five times for each situation. The point we meant, only one group
understood correctly. Other groups did not understand completely. Maybe it could be
confusing for them. The process of understanding of modeling activity was as | expressed.

In the preceding episode, PT23 discussed a problem with modeling activity text during
the implementation experience such that the modeling activity included two different
timetables and students were asked to use the timetable five times, but only one group
properly understood the instructions. This problem can be linked to linguistic
ambiguity. PT14 noted in the project report that some of the groups had difficulty with
understanding the data. PT14 wrote:
After reading the question for the first time, some students had hesitations how and according to
what they needed to draw graphics of burning tree depending asked time in question. Especially,
the students could not make sense of the numbers written on the sides of the shapes and on which
heights are showed. What kind of relation these numbers, namely slope can have or whether there
is a connection between these numbers and graphics was another point in which the students have

difficulty in understanding. Alongside these things, we especially wanted to mention about density
of trees. Increase in numbers of trees and to draw attention to decrease in increase of trees
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depending on this increase in numbers, we placed our trees namely density of trees in such a way
to increase with increasing rate or increase with decreasing rate. However, there were also some
friends who could not correlate this situation with density of trees (PT14, interview after the
implementation experience).

In the preceding excerpt, PT14 gave some examples of difficulties that students
experienced during the implementation exercise. It was understood from the above
quote that students had difficulties in understanding the situation described in the
problem and the figures attached to the text. PT14 discussed the problem between the
scenario described in the text and what students understood from it. Problems
concerned with developed modeling activities appeared in the implementation

experience are summarized in the following table (see Table 13).

Table 13 Problems emerged during the implementation of modeling activities

developed in each group

Groups Structural Linguistic and Relational and No problem
problems ambiguity problems  logical problems

Group 1 X X

Group 2 X X

Group 3 X

Group 4 X

Group 5 X

Group 6 X

Group 7 X

As illustrated in the above table, the problem most frequently encountered was related
to the development of modeling activities. The group members of group 2, group 3,
and group 6 reported that students had difficulty understanding the problem due to
linguistic ambiguity. Members of groups 1 and group 7 asserted that students had
difficulty understanding the problem because of structural problems during the
modeling activities.

It was understood from the above table (see Table 13), relational and logical
problems emerged during the implementation experience of group 1 and group 2. The
group members of group 4 and group 5 stated that they did not face any problems
associated with their own developed modeling activities in the implementation

experience period.
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In the interviews held after the implementation stage, prospective teachers were
asked how to revise and refine their developed modeling activities with regard to
problems that emerged during the modeling activity as well as their own observations.
Prospective teachers stated that they needed to revise their modeling activities. For
example, PT23, a member of group 6, indicated that there was a problem related to the
incomprehensibility of the activity.

Interviewer: Then, you reminded the difficulties stemming from modeling activity. What kind of

difficulties you experienced that stemmed from the implementation and classroom
today?

PT23: the difficulties stemming from classroom?

Interviewer: the ones that stemming from the activity itself.

PT23: The difficulty was related to its incomprehensibility.

Interviewer: Yes.

PT21: We thought that it could be understandable, but it is not understandable.

Interviewer: OK, you will revise and refine the modeling activity.

PT23: Yes, we thought to write down notes to explain the situation.
In the preceding episode, prospective teachers explained that they had encountered
problems stemming from incomprehensibility of the modeling activity during the
implementation process. In order to make the correction, they added explanatory notes
to the modeling activity worksheets. Members of group 2 mentioned the problems with
linguistic ambiguity associated with their modeling activities.

Interviewer: What did you expect before the implementation experience? What did u find after the
implementation?

PT15: OK, for example, we determined a point and then we used the expression “at the latest”.
After the implementation, feedbacks were given. | considered doing some changes
according to feedbacks. However, it contradicted with the expression “at the latest”. In the
end, when the fire was started from here, the expression “at the latest” became bizarre.

Interviewer: OK.

PT15: To what, to whom, why?

Interviewer: Yes.

PT15: Since the questions asked in the modeling activity was inadequate, the implementation of
modeling activity did not reach its aims. Our goal was to comprehend the critical point in
the graph and observing the increase with increasing rate, and solving the problem situation

by using the concept of critical point and the behavior of the graph. The goal was not
achieved by the students. The only thing was that we drew a graph according to given shape.
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PT14: We assumed that if the fire started at the middle point of the area, so our assumption was
very logical. We need to rethink the situation. For example, we asked students to draw two
graphs of the forest. We thought that the fire would expand when it started at middle point.
If the fire grows, there will be an increase in the fired place. We made this for students to
see the dimension of the increase clearly. We observed some deficiencies in the modeling
activity. We need to improve it by removing these deficiencies. Apart from that, we
observed clearly, there existed some parts of the activity that were not understood by the
students.

In the above episode, prospective teachers stated that their modeling activity had
problems with linguistic ambiguity. PT15 asserted that they tried to explain the
condition for the problem context, but the expression of “at latest” was perceived
differently from what they had intended. PT15 also indicated that their assumptions
for the solution method were not considered by the students. Moreover, they thought
the students would use the figures in order to draw the graphs; however, students
started from a different point that they did not foresee. Therefore, PT15 and PT14
pointed out that they needed to revise the text and figures used in their modeling
activities in order to provide comprehensibility of the problem. Similarly, members of
the group 3 stated that they had to make revisions in the text and figures of their

modeling activities in the following interview episode.

Interviewer: So, what did you change in if you will implement this activity again?

PT5: Hmm, we would change the explanation part of the activity.

Interviewer: it is the point that can be drawn, so this point need to be checked again.

PT6: Yes, it can be drawn in the activity sheet. That is, it can be drawn in order to show that comes
to that point. We do not have enough time for that. After changing these deficiencies, the
activity can be very good enough.

Interviewer: What will you change in the text of the activity?

PT5: Namely, it is not understood when we say the “top”.

Interviewer: You say text of activity.

PT5: We need to change text of the activity. Besides, we can demonstrate the drawn figure at the
end of the presentations. In my opinion, both of them are required.

In the preceding episode, prospective students expressed that there were deficiencies
between the drawing of visual figures and text of the modeling activity. They stated
that if they made these corrections, their modeling activity would improve in terms of
comprehensibility. The members of PT17’s group (group 1) also stated in the interview
that only one group member had a problem in understanding the context of the

problem.
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Interviewer: Okay, was there any problem with comprehensibility of the activity?

PT1: Yes, for example, members of one of the groups put forth a claim that “how much area
needed in order to grow a vegetable” when saying a vegetable and a fountain.

PT18: We need to say that the volume of vegetables is ignored at that point.

PT1: Yes, as if they understood that there exist a vegetable for each unit square. Some of the
students proposed an idea like that, but almost all of the groups had no problem with
watering the vegetables twice. Even some of them who did not understand understood the
point.

In the preceding episode, prospective teachers indicated that students had difficulty in
understanding the logical reasoning in the text of their modeling activities. PT18
suggested that they had to indicate the ignored situations on the activity sheet.

To sum up, many of the group members who participated in the implementation
experience indicated that they needed to revise the modeling activities. For the
problems associated with the development of modeling activities indicated in the
previous table (see Table 13).

Prospective teachers proposed various suggestions to eliminate problems
emerged in modeling activities that prospective teachers developed for implementation
experience. Accordingly,

e using more simple and comprehensible expressions in order to eliminate

linguistic and ambiguity problems,

e expressing the unclear representations more clearly,

e placing explanations if needed,

e removing information which is leading and include more expressions.
The previous suggestions recommended for refining the modeling activities.
Participants declared that if they applied these recommendations during the
development of modeling activities the implementation stage would improve.

Prospective teachers who played the role of the teacher during the
implementation exercise were asked to evaluate role of the teacher in the modeling
process. They were asked to consider their knowledge gathered throughout the
modeling course implementation and their implementation experience. They reported
in the interviews and project reports that students had difficulties with the modeling
process during the implementation experience. Several difficulties were indicated by
prospective teachers including prolongation of the solution process due to not using
given materials and wavering in making a choice in the solution stage. They also
mentioned that they had problems because they did not read the graphs. Because of
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this, they were not able to grasp the context of the situation. Participants explained in
the following exemplary situations how they approached these problems and how they
behaved in unexpected situations. Prospective teachers indicated that they tried to
observe students by walking around the groups, giving appropriate answers to the
students’ questions, by following solution strategies. For example, PT17 expressed in
the latter episode that students would neglect the given materials used in the modeling
activity sheet. Because of this students, encountered problems during the solution
process.

PT17: But teacher we already delivered the activity sheets. What we wanted was observing the
crux of activity by drawing picture of it. My group members tried to solve the problem
situation like the activity of group 2 by ignoring the given handouts. They struggled to solve
much, | did not intervene the process, only watch them. After the intervention such that |

said them to use the given handouts, they were able to solve the problem. Namely, we
encouraged them to do the activity.

Interviewer: You mean visual drawing is important.

PT17: Yes, even that means nothing is not in vain. They said that if you delivered this sheet, we
would solve on this. | am sure that if | do not deliver the sheet, they will not solve it.

According to the preceding episode, PT17 stated that students ignored the given
material such as the graphing sheet, and they were not able to solve the problem. PT17
stated that assisted the group by encouraging them to use the given documents in order
to advance in the solution process. PT23 illustrated in the following except how he
played the role in the implementation experience.
I was the one who practiced the activity in the group. | gave some time to the students to reach
solution on their own after making necessary explanations and having completed drawing attention

phase of the question. | tried to take part in the students' solution process and tried to answer the
questions asked during this process (PT23, interview after the implementation experience).

In the preceding quote, PT23 explained that he played the role of the teacher during
the implementation process. PT23 expressed that he made explanations about the
modeling activity after drawing students’ attention to the problem. It was understood
from the quote that PT23 tried to engage with students during the modeling process by
walking around and observing the groups and answering students’ questions. In
another exemplary situation, PT6 described her role as a teacher as follows:
Throughout the activity, first of all | tried to enable them understand the question correctly and in
the same way with my friends in group we, both by asking questions and answering each groups'
questions, enabled them to understand the question. We made explanations about whether every
information must to be used or not. We asked questions on the basis of their mistakes and asked

their reasons for the answers or if they were wrong answers we, tried to make them understand
their mistakes (PT6, report written after the implementation experience).
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According to above excerpt, PT6 indicated that she tried to help students understand
the problem by asking and answering questions to the groups. PT6 explained the
situation in the text during the modeling activity and questioned their solutions. If their
solutions were wrong, PT6 said that she helped them notice their mistakes by asking
relevant questions. PT16 also illustrated in the following quote that what happened
and how he engaged with students during their implementation experience.
In the practice process of this activity, my role was being a teacher. Firstly, |1 went near all the
desks and asked what they understood from the activity. By this way, | would be able to get the
record straight or want them to read the question again. Then | asked questions to make students
think about higher order thinking. For example, “What did you understand from the expression
drawing graph of burned trees? What did you understand from the expression™ the latest? What
kind of changes can difference of slope between mountains cause in our graphic?”” Furthermore,

if there are different ideas in a group, | listened their friends in other groups and their opinions
related to these ideas (PT16, interview after the implementation experience).

In the preceding excerpt, PT16 told that he walked around the groups in order to
understand what students understood from the modeling activity. He also wanted to
determine if any distinct ideas emerged in group discussion. PT16 noted that he made
students present their solution process and gathered feedback from these presentations.

In general, it was observed that prospective teachers who played the teacher
role tried to present skills about what a teacher ought to do formally or informally in
the process of modeling as a part of the course. As indicated by the prospective
teachers, PT9 and PT14, it was observed that the role played by the course instructor
drew prospective teachers’ attention and they tried to carry out modeling process by
using their gathered knowledge and observations from the role played by the course

instructor.

4.2.1.4 Prospective teachers’ impressions for their own implementation of

modeling activities

After the implementation experience, prospective teachers were asked to write
a report about the modeling activities they developed. Prospective teachers were
assigned a guide for the modeling project (see Appendix M). Participants were asked
to answer the question, “What kind of impressions did you get about the use of
modeling activities on the teaching of mathematics in the period of implementation
experience? Explain with giving examples” was analyzed. According to the findings,
most of the prospective teachers had a positive response to the use of modeling

activities in the teaching of mathematics and declared that its use would be beneficial.
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For example, PT14 stated that her impressions during the implementation process in

the following excerpt.
We had a chance to see by experiencing and practicing how the students can think certain things
so differently, they can ask different questions, and they can correlate different concepts with the
questions. Misperceived points or points that are not understood by the students can be observed
and determined more clearly during the activity. For example, we could not write so many things
on the section “possible questions by the students” while preparing this question. But after the
implementation, we encountered with some questions which did not even come to our minds.
These modeling activities will both broaden point of views of teachers and enable the teachers to

determine not fully understood concepts or points in a clear way and also will develop thinking
skills of the students (PT14, report written after the implementation experience).

In the preceding quote, PT14 indicated she observed that students had different
considerations and asked distinct questions. Students made connections between
different concepts and questions in the process by applying the modeling process. She
asserted that points that were incomprehensible or misperceived were identified
explicitly in the process by giving an example from their implementation experience.
She claimed that modeling activities would broaden teachers’ perspectives and help
them to identify the incomprehensible points and concepts clearly. She also stated that
modeling activities would help develop students’ thinking skills. PT24 mentioned the
characteristics of modeling activities in the teaching of mathematics as follows:
I think modeling implementations are quite efficient and necessary tools in mathematics education.
It helps the students to make abstract concepts concrete in their minds, to make connections
between concepts and to practice and experience the subjects that they normally ask where to use.
For example in our study, the students made connections between ellipse and parabola, and circle
and parabola. Alternatively, they saw concretely that ways of the curves in the space are
independent from coordinate axis. Furthermore, they had a chance to witness changing and
unchanging concepts about translation in curves. Making students acquire all these attainments is
quite difficult task by presentation method. For this reason, | am of the opinion that modeling

should take place in education of math as much as possible (PT24, report written after the
implementation experience).

In the above quote, PT24 emphasized the importance of mathematical modeling as
teaching tools. He pointed out that modeling activities provided students with an
introduction to the concepts. These activities also gave students the opportunity to
observe the implementation of these concepts in the context of real life, and they were
also able to make connections between concepts by receiving concrete examples from
their implementation experience. In contrast to this, some of the participants
mentioned the difficulty of implementing modeling activities. For example, PT17
explained the difficulties of implementing modeling activities in the classroom setting

in the following excerpt.
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First of all, | realized that implementation of such an activity is difficult because one can encounter
with different ways of solution or different approaches. Understanding, interpreting and interfering
them can be difficult, too. | think implementation of such activities can be useful to be able to see
different points of view and approaches (PT17, report written after the implementation
experience). .

According to preceding excerpt, PT17 stated that implementing the modeling activity
like the one they developed could be difficult for students to understand and interpret.
Nevertheless, she admitted that using these activities were advantageous in terms of
observing distinct approaches and perspectives of students. Similarly, PT15 pointed
out both the difficulties and the benefits of using modeling activities in the classroom
environment in the following excerpt.
Implementation of modeling activity is rather difficult but useful as well. I find this activity
difficult because the students are of the level who can wander the subject and aim of the activity.
The students may not understand seriousness of this activity and I think that supervisor or a teacher
implementing this activity should be qualified and educated enough to deal with all these problems

and trouble. For these reason this activity seems to me difficult (PT15, report written after the
implementation experience).

In the preceding quote, PT15 mentioned the difficulties regarding the implementation
of modeling activities in the classroom using several different reasons In order to
overcome these problems; PT15 suggested that teachers ought to be qualified and well
educated. Similarly, other prospective teachers highlighted similar issues in their

project reports.

4.2.2 Prospective Teachers’ Thinking about the Use of Mathematical Modeling

Activities in the Classroom

Since changes in the conceptions of the use of mathematical modeling in the
classroom environment emerged throughout the implementation, it is important to
present the findings in a chronological order according to what they did each week,
particularly in modeling activities. In the previous section, it was shown that most of
the prospective teachers did not have experience with mathematical modeling and
described it as “using concrete manipulative and visualization of mathematical
concepts”, hence, most of them did not have any idea how a mathematical modeling
activity could be used in teaching and learning.

After the first modeling activity, that is the Summer Job, PT17 said that she had
experienced the modeling activity differently than she did before in mathematics
courses. She made a distinction between modeling activities and traditional word

problems. For example, she said that traditional word problems had only one solution
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and she tried to find the solution, but in this modeling activity, there was a need for
producing multiple solutions rather than just finding one solution. Although she
experienced modeling the activity quite differently from previous problem solving
processes, she was positive about the use of mathematical modeling activities in the
classroom setting and also described how she wanted to apply these activities in the
episode given below.

Interviewer: Well, as a prospective mathematics teacher, if you could use this activity in your class,
what do you expect students to gain?

PT17: 1 think that | would apply this activity for reasoning and making connections since, as |
mentioned before, reasoning existed in this activity. That is, making connections and
reasoning skills existed together here.

Interviewer: Well, mathematically?

PT17: Ratio could be here mathematical. As | mentioned before, since we were accustomed to
short questions and direct solution procedures | could not relate this question to
mathematical concepts. For example, if you brought any question related to traditional word
problems, I could say, “that is integration question”, but I could not relate this question to
any mathematical concept clearly.

Interviewer: How could you apply this question in a classroom?

PT17: 1 could use group work since this question was implemented by way of group work or at
least | thought that it would be better if it were done so.

The second modeling activity prospective teachers worked in the course was the Ferris
Wheel. After they worked on the Ferris Wheel activity, PT17 expressed positive
opinions about the modeling activity in terms of its meaningfulness. She illustrated her
opinion about the modeling activity as follows:
I noticed that | could use the trigonometric gains that | obtained in my mathematics education in
daily life. That is, I realized that the objectives we obtained were not only for being successful in
exams, but also for facilitating real life. Because | had always wondered, as many students do,
which situations trigonometry might be useful for in real life. When | became a mathematics
teacher, it was the kind of problem that | would use to explain this question to students who were

wondering about it. Therefore, | think the problem is beneficial (PT17, reflection paper for the
Ferris Wheel activity).

The above quotation demonstrates that PT17 was developing positive thinking and
beliefs about mathematical modeling activities due to their relevancy and the need for
students to understand mathematical concepts more meaningfully. She also indicates
her willingness for application of the modeling activity in the classroom during the
interview as follows: “I wanted students to use trigonometric expressions in order to
understand whether they understand and apply or not. Therefore, | could also apply

this activity to my students”.
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The Street Parking activity was applied to prospective teachers in the fifth
week. Looking through the reflection papers and interview transcripts, there is no
direct implication and thinking for using the modeling activity in a classroom setting.
Rather PT17 used the probabilistic statements such as “If I applied this activity to my
class as a teacher, I would do it in the following manner.” After the fourth modeling
activity, the Bouncing Ball, she thought that she could use the modeling activity in her
class when she became a teacher.

PT17 rarely stated her unwillingness to use modeling activities. For instance,
after the implementation of the Free Roller Coaster activity, since she did not
comprehend the purpose of the modeling activity, she commented her unwillingness
to use the modeling activity in the classroom setting. She said:

I would not want to apply this activity to my class until you explain the purpose of the activity,
because I did not understand the focus here. If | gave any problem to my students, | would want

them to understand the mathematical concepts on the basis of the given problem (PT17, reflection
paper for the Free Roller Coaster activity).

After she understood the focus of the activity, she stated her willingness to implement
the modeling activity in the classroom when she became a teacher. The last modeling
activity presented to the prospective teachers was the Water Tank. In the reflection
paper, she indicated her willingness to use the modeling activity as follows:
If | look at the activity through the eyes of a teacher, | appreciate the activity. | think that this
activity would be beneficial in the interpretation of graphs and things like that. That is, we can see

how mathematical concepts like ‘increasing with increasing slope’ emerge in the mind of students
(PT17, reflection paper for the Water Tank activity).

PT17 positively evaluated the change in her conceptions about the use of mathematical
modeling activities in the classroom setting at the end of the course as follows:
I have not got any idea about the measuring property of modeling activities. That is, | had doubts
that | could get feedback when assigning these activities to students, but I realized that | would

have opinions about which mathematical concepts students know and don’t know and/or where
students could have difficulties (PT17, post-survey form).

When PT17’s statements and comments were analyzed throughout the implementation
of modeling activities, it was seen that her conceptions about the use of mathematical
modeling activities in classroom environments were positive and relevant to her
purposes of using these activities, that is, to provide meaningful understanding and
strengthening students’ knowledge about mathematical concepts.

In the case of PT14, she had never taken any course related to mathematical

modeling and its relevant subject matters. After the implementation of the first
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modeling activity, the Summer Job, she indicated her considerations about the
usefulness of that activity in her future classrooms in observing to what extent students
apply their previous mathematical knowledge when they encounter such problems.
The dialogue below shows her thoughts about the modeling activity and her intentions

to use it.

Interviewer: Ok, now | want you to look through the eyes of a teacher.
PT14: | have already written it in my reflection paper.

Interviewer: If you applied this problem in a classroom setting, which objectives would you expect
students to gain?

PT14: ... you know we have been learning much more mathematics thus far. But, | wish | had
applied that activity in order to see to what extent students apply their mathematical
knowledge. Which knowledge did they use where? How did they solve the problem? That
is, I would want to see what they did in the process. They have reached a certain level of
mathematical knowledge up until now, but how is their knowledge reflected in their
writings when they face a problem.

Interviewer: Well, which related subject matter do you choose to apply to this activity?

PT14: Which related subject matter is it? That could be the very thing. For example, what does it
mean? What does average mean and what does it mean in daily life? For example, | teach
a mathematics course, an ordered sequence was given, and some student finds its average
but he or she is not aware of what he or she is doing, that is only memorization. The sum
of all given entities is divided by the number of entity, that is all. There is no idea in the
mind of the students that all these entities accumulate at that point and approximate that
number. | want to learn how mathematical concepts like finding the average or mean exist
in daily life rather than just ordered numbers and sequences.

PT14 stated her willingness to use another modeling activity, the Ferris Wheel, in
teaching trigonometry by comparing her previous experience in high school. In the
reflection paper, she wrote, “Remembering from my high school years (private
training center, school etc.), trigonometry was not a favorite course for students. Thus,
I think that an activity like that may impact or change their views about trigonometry
positively”. From the quote, it can be said that she wanted to use the modeling activity
in order to make students like the subject matter that was previously seen as
unfavorable by students. The subsequent modeling activity implemented in the
prospective teachers’ class was the Street Parking. It was understood from her
transcribed statements that some modeling activities like the Street Parking should not
be used in vocational high schools or general high schools due to a lack of adequate
mathematical knowledge and thinking capacity in order to implement these activities.
It is illustrated in the dialogue below:
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PT14: In my opinion, students need to have a certain level in order to produce solutions for these
activities. That is, they need to have sufficient mathematical knowledge and mental
capacity in order to apply modeling activities. At the very least, they need to know where
to use what. Think of triangle congruence, | could not ask students problems like that. The
problems like this can be applied to students who are genuinely interested in mathematics.
As one of my friends said, | think a mathematics club could be formed and these problems
might be put to them. | cannot apply this activity to just any students in the vocational high
school.

Interviewer: If you applied it, perhaps different things might emerge.
PT14: No! It is absolutely impossible.

Interviewer: Perhaps students would show more initiative for learning and asking themselves “how
can we solve this?”

PT14: No, I don’t think so.
Interviewer: Anyway, it needs to be tried to see the result.

As is seen from the episode above, the prospective teacher, PT14, had a belief that
some modeling activities are not applicable to students (e.g., The Street Parking
activity). The reasons she gave were not having enough mathematical knowledge,
mental capacity, and not being on a certain level. It was seen that PT14 developed a
conceptual plan for the application of the next modeling activity that was the Bouncing
Ball. She expressed her willingness to implement the modeling activity in her future
classrooms. Specifically, she described how she would use the modeling activity as
follows:

Interviewer: Well, how would you apply this activity in a classroom?
PT14: How would I apply this activity in a class, namely?
Interviewer: Think about a class with 30 students.

PT14: We might imagine a class with 30 students, each student thinking about the subject matter
on her or his own. That is ok; | have an idea about the subject matter. For instance, | could
say the thing that was not remembered by my friend and vice versa. But what does s/he
think about the problem? So, therefore | would give the modeling activity a day before the
implementation of the activity in order to make him/her think about the activity. | would
ask them what they think about the activity, what comes to mind, which mathematical
concept comes to mind that is related to this activity.

We can see from the above episode that PT14 dealt with the purpose and the related
mathematical concepts that the modeling activity had in the background. It can be
implied that PT14 was developing her own implementation plan for the modeling
activities rather than discussing whether or not to apply them in her future classrooms.

In the following modeling activity, the Free Roller Coaster activity, she stated her
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intention to use this modeling activity by expressing possible benefits of using it as
follows:
... On the other side, students who experienced this modeling activity (read it before) would make
sense of givens and requested data more easily. For this reason, | asked students to ride a roller
coaster (we had experienced and seen where excitement existed exactly) or explore a roller coaster
in Luna Park or examine pictures and videos of roller coasters from the Internet. This process

would either aid them in their understanding the activity or expand their imagination during the
railway designing (PT14, reflection paper for the Free Roller Coaster activity).

It is understood from the above quotation that PT14 made a connection between the
modeling activity and its real life counterpart in order to ensure that students could
understand what the modeling activity aimed at if they had experienced such a real life
situation. In the last modeling activity, the Water Tank, PT14 expressed her
willingness to use the modeling activity in her future classrooms by emphasizing it
strongly as follows:

Interviewer: Well, lastly looking from a teacher’s perspective PT14, just before you mentioned it,

how would you use this activity in the classroom setting? Would you use this activity
when you become in-service teacher?

PT14: | definitely could use this activity. | never saw these activities in high school. | wonder if |
was just lazy or if the teacher taught this so that | had a problem with it. These things were
not taught in high school. In general, the only things we learned were velocity versus time
graphs and location versus time graphs. Velocity versus time graphs was usually linear.

In the post-survey, PT14 evaluated the change in knowledge and beliefs about
mathematical modeling from beginning of the course to end of the term in the
following quote:
Before I took this course, I knew that there was a course called “mathematical modeling” but I did
not have enough knowledge about its content. After I took this course, my perspective of the world
around me changed. Because | wrongly supposed that mathematics was being used only in such
areas as space sciences, astronomy, engineering etc. However, mathematics is in every area of our

life. This conception contributed much to identifying and questioning mathematical situations in
the world around me (PT14, post-survey form).

From the preceding quote, we see that PT14 had no information about mathematical
modeling other than just knowing its course name. After the implementation of the
modeling course, she described the change that took place in her mind as mathematics
was suddenly all around her in her daily life. She also stated that she thought that she
would use mathematical modeling activities in her future classrooms. To sum up, PT14
demonstrated gradual development regarding the use of mathematical modeling
activities in the classroom setting from the beginning of the course to the end. She

developed a conception that mathematical modeling was significant for learning

181



mathematics meaningfully. Although she said some of the modeling activities were
not applicable for students in some high schools, such as vocational high schools, she
generally indicated that she wanted to use modeling activities in her future classrooms.

PT9 was one of the prospective mathematics teachers who took the modeling
course as a member of group 5. It was documented from the obtained results that she
developed a positive conception about the use of mathematical modeling activities in
the classroom setting. From her writings and transcribed expressions, it is understood
that she intended to use modeling activities to help students comprehend the
mathematical concepts meaningfully and conceptually. These findings were illustrated
with implemented modeling activities during the implementation of the modeling
course.

For the Summer Job activity, PT9 thought that this modeling activity could be
used to show students that there could be distinct solutions according to assumptions
and that there was no unique solution to these kinds of problems. For example, the
following interview episode illustrated this evaluation:

Interviewer: ... There is a section in the report guide that looks from the teacher’s perspective.

When you use this activity in your classroom, when you become a teacher, which
objectives do you expect your students to reach when you apply this activity?

PT9: You know this question is an open-ended one. Everyone says different things. There were
very different solution strategies in our class. I think that there would be very distinct ways
to find a solution when | apply it to my future classroom. That is, I think that this activity
would help students while discussing the situations and show them that there are no
uniquely correct answers, and also students will see different types of correct answers
according to their thinking and they would reach the goal as a result. Everyone defended
and appropriated their own answers as if there was a unique answer. When | think of that
situation, since there was no unique answer, they did not need to appropriate their answer
as unique.

In the second activity, the Ferris Wheel, she indicated in her reflection paper that she
desired to use the modeling activity in her future classrooms. She described how to use
this activity as follows:
I think that this activity should be implemented in the classroom individually. | would apply this
activity like that. | would observe students during the solution procedure and try to understand

what the difficulties were and what they lacked. If there was a problem with the individual problem
solving process, | would form groups (PT9, reflection paper for the Ferris Wheel activity).

In the above quote, she stated how to apply the modeling activity in the classroom
environment and what she would do during the solution process of the modeling

activity. After the third activity applied to prospective teachers of mathematics, the
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Street Parking, she continued to express her ideas about the use of the modeling
activity in her future classroom. For example, she wrote:
I want my students to notice parking areas that they see and notice how vehicles park in these
areas. They would think differently of parking styles. | want them to consider that when they
choose a parking space areas result the less area they cover. After that, | would say that we could

show this mathematically and which one is relevant to this and give them the hand out (PT9,
reflection paper for the Street Parking activity).

It was understood from the above quote that PT9 wanted her (future) students to make
a connection between real life and its mathematical meaning by experiencing the
situation cognitively. She explained the way of using the modeling activity in the
classroom setting. This can be interpreted as her wanting to use the Street Parking
activity in her future classrooms. In the subsequent weeks, another modeling activity
was implemented. This modeling activity, the Bouncing Ball, was different from
previous modeling activities, as was stated in the methodology chapter. Almost none
of the selected modeling activities were associated in terms of the same mathematical
subject matter. However, it was intended that prospective teachers would see distinct
modeling activities so that they would be familiar with these activities and develop
ideas about how a modeling activity could be. In her reflection paper, she expressed
her ideas about using the modeling activity in her future classrooms as follows: “I think
that we can take the students inside the concept of geometric sequences with this
question. The students can discover this concept on their own even if they do not know
what the geometrical sequence is. They can form the geometric sequence formula.”
She explained that she could use the modeling activity in order to form a mathematical
concept (geometric sequences) in students” minds so that they could discover it by
themselves.

In the following activities, it was clear that she wanted to use the remaining
two mathematical modeling activities in her future classrooms. For example, she
wanted to use the Free Roller Coaster activity in order to teach the concept of “slope
of curves”. The following transcribed episode illustrated this:

Interviewer: Then let us move to the assessment by the teacher. If you implement this problem in
the classroom, which acquisitions would you expect students to have?

PT9: The concept of slope.

Interviewer: What kind of slope? Slope of a line or slope of a curve?
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PT9: Slope of a curve because when it is a line there is no safety. Because it has to be safe and
more applicable to real life; when it is linear the slope of a line is itself. The slope of itself
you know from the slope of a curve. | wrote something there.

She also indicated her willingness to use that activity in her reflection paper by stating
her aim as follows:
I would implement this question to help my students understand the points where the slope will be
at a maximum and where it will be minimum and what the characteristics of these points are. |
could implement this activity before introducing derivatives. | think that the students will be able
to make sense of this information better by drawing parallels between critical points acquired from

this activity and critical points in theory (PT9, reflection paper for the Free Roller Coaster
activity).

It is understood from the above quotation that she wanted to use the modeling activity
to help students comprehend the concept of slope and to make a connection between
the situation in the activity and its mathematical meaning cognitively. Hereby, she
thought that students would learn the slope concept meaningfully. After the
implementation of the last modeling activity, the Water Tank, PT9 described her
approach of using modeling activities at the beginning of the lesson. She stated her
intention to implement the last modeling activity in the following excerpt:

Interviewer: | got it. Well, PT9, by applying this activity in the classroom, which acquisitions

would you like your students to have or would you like to apply it in all? Let us start
from there.

PT9: Actually, I think it is a good activity for students to interpret the graphs because we noticed
that some groups could not interpret the graphs drawn in last week’s activity. Here, it would
be good for them to interpret the graphs they drew. For example, in terms of comparison,
in store 2.

Interviewer: For the transition between second and third zone in storage 2.

PT9: Yes, for that transition. Those zones, for instance, were both increasing by decreasing, but
we commented on what the difference was. | think it is useful for students in terms of
interpreting these and understanding their differences.

In previous excerpt, she expressed that the Water Tank activity could be helpful for
students in the interpretation of graphs and fluency parts in the graphs. It was also
understood from the above episode that each modeling activity would serve a
mathematical idea and goal. In the post-survey form, she indicated her positive opinion
about using mathematical modeling activities when she became an in-service teacher
as following:

I consider using it. | handle these questions like this: What if the students solves the question

without knowing the subject and by this way, | can enable the students to realize the subject on

their own but indeed, | realized this in two or three activities throughout our activities. Doing the
modeling activity before the subject seems to me more attractive for now. However, | think that
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implementation just after the subject is necessary especially for subjects like graphic interpretation
and derivatives (PT9, post-survey form).

In summary, PT9 developed positive conceptions about the use of
mathematical modeling activities in the classroom setting when she became a
mathematics teacher. It was evident from her interview transcripts, writings in
reflection papers, and survey forms that she indicated her thinking about using
mathematical modeling activities in her future classrooms by emphasizing why she
wanted to use them to teach mathematical concepts and ideas.

PT24 was another volunteer prospective mathematics teacher who attended the
modeling course class and participated in interviews carried out after each activity
implementation. In general, PT24 displayed gradual development in the conceptions
about using mathematical modeling activities in the classroom environment. It was
seen that he actively participated in the six modeling activities throughout the semester
and tried to engage in all sessions of the course such as group discussions, classroom
discussions, interviews, etc. The analysis of the gathered data demonstrated that he
developed positive ideas about the use of mathematical modeling in the classroom
setting. The change or development in his conceptions will be illustrated by giving
direct evidence from the process.

After the implementation of the first modeling problem, the Summer Job, PT24
stated in the interview that these kinds of problems should be integrated in the school
curriculum according to students’ levels. He indicated that these activities ensure
students produce new ways of finding solutions. These ideas were stated as follows:

Interviewer: Good, well, do you think these kinds of problems should be in the high school
curriculum or in the university level? If so, how?

PT24: 1 think these kinds of problems should be, why? Because, they encourage students to look
for different approaches and different results. | mean, instead of grade 4, it can start in later
grades at low levels. We can asks others’ opinions and increase the levels gradually. If a
high school graduate encounters a problem in daily life, s/he should at least be able to come
up with three different solutions.

In the second problem, the Ferris Wheel, it was understood from the interview excerpt
that PT24 developed an idea that the implemented modeling activity was suitable for
students in making sense of mathematics in real life. That is, mathematics was in daily
life and served specific purposes. The following episodes describe the situation:

Interviewer: From a teacher’s perspective, which acquisitions would you expect your students to
have when you use this problem?
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PT24: This problem, like | said before, is an application of mathematics in a real life situation. |
would expect students to answer these questions. | mean, that mathematics really works,
other than simple operations; higher mathematics is also useful for something. We would
expect them to know it can be used in daily life. We always questioned how mathematics
is used in real life. We asked what logs or complex number system are used for. Now
students see that they are used in trigonometry and they think if they can be used here we
can also use them in other places, including real life. I would expect students to
understand how mathematics really works.

From the above quotation, it can be interpreted that he thought of modeling as serving
the purpose of providing meaning to mathematics in relation with daily life and so that
students could think that mathematics was useful and meaningful as an important
branch of science. In addition, he also shared his opinions in the reflection paper as
follows: “The students can find answers to the question asked all the time about
mathematics: “What use will it be for me?” Furthermore, they can see the role of
mathematics in real life and can be more interested in mathematics.”
In the reflection paper, PT24 wrote his thoughts about the utility of the Street
Parking activity in the classroom environment. He stated:
When it comes to evaluation of this question from the point of view of a teacher, this question can
be used in an activity about rectangles because we used expressions like parallelogram, rectangle,
triangle, and their characteristics in the solution of the question. Thus, this can be an enjoyable

activity by which the students use these expressions and reinforce what they know (PT24,
reflection paper for the Street Parking activity).

In the above quote, he expressed that this kind of modeling activity was suitable for
geometric terms such as rectangles, triangles, and parallelograms. It was understood
from what he said that he had developed positive considerations about using this
modeling activity in his future classrooms. PT24 also indicated his willingness to
implement the fourth modeling activity, the Bouncing Ball, in his future classrooms.
He said that he wanted to use these kinds of activities in order to show students where
mathematics appears in real life and that made sense of the role of mathematics in daily
life.

For the fifth modeling activity, the Free Roller Coaster, PT24 thought that the
modeling activity was not an easy task for students due to the open-ended and unclear
way it was asked. He thought that students could encounter difficulties when doing
this activity. He illustrated these difficulties and explained how to overcome these
issues in the following:

The students may not understand what the question is asking them to solve. | stated how to prevent
this situation. Furthermore, if they understand fully what the question requires, they may be

confused between the slope of the curve and the slope of the straight line and then would not grasp
the notion of the slope of the curve. Even if the student understood the notion of the curve, then
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he or she may have problems defining the inflection point. In short, this week’s question was rather
difficult for the students to solve.

I would take precautions that would avoid the aforementioned mistakes if I implemented this
question in the classroom environment. | would delineate the problem and present precisely what
is expected and required. After making this correction to the question, | would ask them to solve
the question in groups before starting on the subject of derivation, or just after starting this
question, |1 would expect something to form in the minds of the students about the notion of
derivative, the notion of the slope of the curve, or the notion of derivative function. | would try to
build subsequent subjects on this concrete notion formed in the minds of the children. It is clear
from the quote that he wanted to use the modeling activity in his future classrooms by taking
precautions about it. He expected that students might not understand the modeling activity due to
reasons stemming from its context. Nevertheless, he wanted to explain the modeling activity in
detail so that students could conceptualize the situation in their minds. He also mentioned the
subject he wanted to use the modeling activity for (PT24, interview for the Free Roller Coaster
activity).

In the last activity, the Water Tank activity, he stated that he wanted to use that
modeling activity before introducing the graphing of functions so that students would
comprehended the basic properties of the graphs of functions. He also indicated that
he wanted to use the modeling activity in order to measure whether they understood it
or not.
The main subjects that can be analyzed mathematically are the concepts about the characteristics
of curves, the reasons for increasing with increasing rate and decreasing with increasing rate, how
unity changes, and how increase or decrease in a function affects the graphic of the function. For
this reason, if | were the teacher, | would use this question to measure if the subject is understood

in the end or to enable something concrete in the minds of the students before starting to explain
the solution of graphics (PT24, post-survey form).

At the end of the term, PT24 demonstrated that he developed positive conceptions and
ideas about the use of mathematical modeling activities in the classroom setting. He
wrote, “Yes, I would consider implementing mathematical modeling in the future
because | think that the students will love math, the fears will diminish with these
modeling activities, and they will understand the subjects better.” When the
developmental period is investigated thoroughly, the presented evidence proves that
PT24 gained positive conceptions about the modeling activities and their usage in the
classroom environment after he completed his undergraduate education.

To sum up, the in-depth analysis of the process of selecting four prospective
mathematics teachers and asking them what they thought and would like to do in the
future in their profession throughout the semester demonstrated that although they had
very restricted knowledge about mathematical modeling and its usage in teaching
mathematics before, they developed very positive conceptions about mathematical
modeling activities and the appropriateness of their usage in the classroom setting. The

obtained evidence shows that prospective mathematics teachers gradually developed

187



such a positive conception that they had a tendency to want to use mathematical
modeling activities in the teaching and learning of mathematics when they become in-
service mathematics teachers. It was clear from the previous passages that each
prospective teacher had different purposes in using these activities. For example,
although PT17 and PT24 thought that they could use modeling activities for
meaningful mathematical teaching and learning, PT9 thought that she wanted to use
modeling activities in order to teach a specific mathematical concept such as slope. In
a general sense, in order to illustrate the development of the prospective teachers from
each group that are represented throughout the implementations of six modeling
activities, it is summarized in the below table (see Table 14). This table demonstrates
the evolving conceptions about the use of mathematical modeling activities. When the
post-survey form and ideas of prospective teachers were evaluated together, it was
observed that the majority of prospective teachers had a positive point of view about
the use of modeling activities in the classroom. It may be understood from the given
table that almost all the selected prospective teachers from each group developed
positive conceptions about the use of modeling activities in the classroom setting. In
the period of the implementation of these activities, it was observed that the
prospective mathematics teachers differed in the way they would use modeling
activities in the classroom environment, which might have resulted from their group
experiences and classroom discussions that took place after each implementation of
mathematical modeling activity. The results also demonstrated that prospective
teachers’ preferences changed in the aim of use (cognitive-affective), the frequency of
use, the place of use (before the subject matter or after etc.), and the method of use
(individual-group). Evidence and results will be reported in the following sections
which are associated with prospective teachers’ choices about how to use, the purpose
of use, and where and when to use mathematical modeling activities in the classroom

setting.
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Table 14 The views of prospective teachers about the use of modeling in the classroom with students

Prospective
Teacher (Group #)

PT17
(Group 1)

PT14
(Group 2)

Name of the Modeling Activity

The Summer Job

If I look through the
eyes of a teacher, | do
not think that I will
apply this kind of
activity every high
school. (Negative)
(Reflection paper)

If | want to arrange a
modeling activity like
that, I would divide
students groups
consist of 3 or 4
students just as we
did and I wish that
they resolved the
problem by
discussing together.
(Positive)(Reflection

paper)

The Ferris Wheel

Since we applied more
mathematical
operations in this
activity, I think of the
modeling activities are
more applicable to the
students at the school
level. (Positive)
(Interview)
Remembering from my
high school years
(private training center,
school etc.),
trigonometry was not a
liked course by
students. Thus, | think
that an activity like that
may impact on
changing their views
about trigonometry
positively. (Positive)
(Reflection paper)

The Street Parking

It seems that it was
more applicable to
me. (Positive)
(Interview)

Besides any student’s

self-confidence and
motivation is

positively affected by

solving and
interpreting these
similar problems.
(Positive)
(Reflection paper)

The Bouncing
Ball

I would use this
activity on
application step of
objective that was
already gained.
(Positive)
(Reflection paper)

... So, therefore I
would give the
modeling activity
a day before the
implementation of
the activity in
order to make
him/her thought.
(Positive)
(Interview)

The Free Roller
Coaster

That is, | wish |
would use that
activity when |
mastered the
subject matter.
(Positive)
(Interview)

In my opinion, this
activity should be
applied exactly
after teaching the
derivative subject
matter. (Positive)
(Interview)

The Water Tank

It seems that |
would use these
kinds of activities
in the application
level. (Positive)
(Interview)

It can be helpful
for students that
seeing use of
different variables
on the plotted
curves and, getting
knowledge about
these curves and
their analysis.
(Positive)
(Reflection paper)
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Table 14 (continued)

PT5
(Group 3)

PT10
(Group 4)

PT9
(Group 5)

| tell them to work in
groups by applying
this activity in the
classroom and help
them to establish
healthy relations
among them.
(Positive)(Reflection

paper)

For example, I could
apply this in order to
show how average
problems or the way
of solution would
work. (Positive)
(Interview)

| think that there
would be very
different resolution
ways when | applied
this activity in the
class.
(Positive)(Interview)

According to me, this
activity can be
implemented after
lecturing a subject
matter in order to

conceptualize it, before

and after the exercises.
(Positive) (Interview)

Teacher, students
understand concretely
by applying this
activity. | will be
reified the concepts

when | applied such an

activity. (Positive)
(Interview)

| think that this activity

is more suitable for
individual working. |
would apply like that.
(Positive)

(Reflection paper)

... I think activity
like that should be
implemented because
it might be beneficial,
but not harmful for
them. (Positive)
(Interview

I would apply this
activity with
technique of group
work by forming
groups consisting at
least after this
preliminary study
finished. (Positive)
(Reflection paper)

I would say students
“Let’s show that
mathematically
which one is more
relevant” and then |
apply the activity.
(Positive)
(Reflection paper)

Yes, exactly it can
be applicable to
students on
teaching and
examination. This
activity is can be
applicable as
either an activity
or problem.
(Positive)(Intervie
w)

(Not attended to
activity)

I would use this
activity in order to
make students
learn concept of
geometric
sequence.
(Positive)(Intervie
w)

... it was an activity
that I could
implement in the
classroom for me.
(Positive)
(Interview)

High probably |
would apply this
activity after
teaching derivative
and curves.
(Positive)
(Interview)

| think that this
activity could be
applied before
derivative is not
taught. (Positive)
(Interview)

Yes, these
activities seem that
they were
applicable easily...
(Positive)
(Interview)

I would devote 2
hours to implement
that activity...
(Positive)
(Reflection paper)

This activity will
be helpful for
making students
think on and
conceptualize the
concept of
increased by
decreasing and
increased by
increasing.
(Positive)
(Reflection paper)
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Table 14 (continued)

PT23
(Group 6)

PT24
(Group 7)

That is, average,
arithmetical average,
geometrical average
like that, | approve to
apply when these
concepts are held.
(Positive)(Interview)

I think that activities
like that should be in
the teaching.

(Positive)(Interview)

I would use this
activity after giving
objectives related to
subject matter.
(Positive)
(Interview)

I expect from students

to find answer the
following question
when applying the
activity. (Positive)
(Interview)

It seems to be more
applicable. (Positive)
(Interview)

... this activity could
be used in the

subject-related to
quadrilaterals in the
geometry. (Positive)

(Reflection paper)

I would use this
activity at level of
application of
grasped
knowledge.
(Positive)(Reflecti
on paper)

Yes, this activity
can be applicable
in the classroom,
even in
elementary

schools.

(Positive)(Intervie

w)

That is, | would use
this activity when |
mastered the related
subject matter.
(Positive)
(Interview)

This activity can be
used in order to
create something in

students’ minds, not

only for solving the
problem. (Positive)
(Interview)

It seems that |
would use these
activities during
the application
level. (Positive)
(Interview)

...I would use this
activity to measure
that whether the
subject matter is
understood or not.
(Positive)
(Reflection paper)




4.2.2.1 Prospective teachers’ thinking about the aim of using modeling activities

The purposes of prospective teachers using mathematical modeling activities
were examined in detailed by using different data sources with document analysis
technique. Data used in this context included the responses of prospective teachers to
the question, “Do you intend to implement modeling activities in your classroom when
you become an in-service teacher? Explain with reasons.” These were in the post-
survey forms, field and observation notes taken by researcher, reflection papers that
were written throughout the term, and transcripts of individual interviews that took
place after each implementation of the modeling activities. As a result of the analysis,
it was found that prospective students’ purposes for the use of modeling activities in
classroom are twofold; cognitive and affective. Cognitive purposes included teaching
mathematics meaningfully, seeing students’ thinking processes, measurement and
evaluation, reinforcing concepts, and displaying the relation between mathematical
concepts and real life. Affective goals were increasing students’ motivation through
learning mathematics, disposing students’ prejudices against mathematics, attracting
students to the lesson, reducing students’ mathematical anxiety, and providing self-
confidence in using mathematical expressions.

It was found that the purpose of using modeling activities differed according to
prospective mathematics teachers’ characteristics (e.g., personal background,
educational background, experiences, etc.). Prospective teachers said that they could
use the same modeling activity (the Ferris Wheel) for different purposes. The
following excerpts illustrate prospective teachers’ purposes of using mathematical
modeling activities in the classroom.

I wish s/he used trigonometric expressions. Did s/he understand this or not and can s/he implement
it? For instance, | could implement this activity for students because correlations with daily life

attract more attention and acclimatize children much more to the lesson (PT17, reflection paper
for the Ferris Wheel activity).

As far as | remember from my high school years, (school, private course etc.) trigonometry was
not a popular subject. Therefore, | think that such an activity may have positive effects on the
students’ changing their views on this subject. Their discovering the usage areas of math in daily
life may enhance their interest in the lesson. Furthermore, self-confidence and motivation of a
student who is able to solve and interpret this and that kind of question will be affected positively
(PT14, interview for the Ferris Wheel activity).

As | mentioned before, this was a question taken from daily life and it was like an adaptation of
math to current life. | expect students to find answers to these questions. Math is useful; not only
simple math like adding, subtracting, but also sophisticated math (called second phase of math
formerly) has a function and it is useful too. We can expect students to find answers to questions
about the use of math in daily life. (PT24, reflection paper for the Ferris Wheel activity)
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According to above excerpts, in the Ferris Wheel activity, although PT14 and PT24
thought that it was suitable for meaningful mathematics teaching, PT17 considered
using the modeling activity for measurement and evaluation in order to determine what
students learn, and in motivating students to learn mathematics subjects using real life
situations. In order to figure out the prospective teachers’ goals in using modeling
activities in the classroom, three activities were selected according to chronological
order (each one from the beginning, in the middle, and at the end of semester) and
prospective teachers preferred aims in using modeling activities were presented in the
Table 15.

Table 15 Prospective teachers’ thinking about aims of using modeling activities

Prospective Name of the Modeling Activity

Teacher

The Ferris Wheel

The Bouncing Ball

The Water Tank

PT17 (Group 1)
PT14 (Group 2)

PT5 (Group 3)
PT10 (Group 4)

PT9 (Group 5)

PT23 (Group 6)
PT24 (Group 7)

Measurement and
evaluation

Meaningful
mathematics teaching
Reinforcing concepts

Meaningful
mathematics teaching

Meaningful
mathematics teaching
Reinforcing concepts

Meaningful
mathematics teaching

Reinforcing concepts

Meaningful
mathematics teaching

Reinforcing concepts

Meaningful
mathematics teaching

Reinforcing concepts
Reinforcing concepts

Reinforcing concepts

Meaningful
mathematics teaching
Reinforcing concepts
Meaningful
mathematics teaching

Reinforcing concepts

Reinforcing concepts

Measurement and
evaluation

In the Bouncing Ball activity, more than half of the prospective teachers commented
that they intended to use the modeling activity for reinforcing mathematical concepts
in relation with the modeling activity after teaching the subject matter.

PT17: That is all | wanted to say, | mean, | would absolutely use this activity in my classroom. It
was a more applicable problem for students.

Interviewer: OK, then, where would you like to use it in the curriculum?

PT17: Exponentials, exponential. If it was before, then series.

Interviewer: Yes, we said that, and then we changed the topic.

PT17: | can make some changes and use the problem in series as well, but using it in exponentials
will be better, because students are used to seeing this type of problem in series. For

instance, they learn exponentials in 9th grade and series in 11th. Instead of 9th grade, | can
use this problem in 11th grade. Let us see how many there are like me.
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Interviewer: Or, you can use it for 9th graders and 11th graders.
PT17: | can do that. Ha ha. | can use it for both to see how they are doing.

In the above episode, PT17 showed great enthusiasm for implementing the modeling
activity when she became an in-service mathematics teacher. She stated that the
Bouncing Ball activity could be useful in the subjects of exponents and series. She
wondered how students would think during the solution procedure. That is, it was
understood from what she said that she wanted to implement the activity in order to
observe how students do and how well they would apply their learning in the activity.
That would reinforce students learning the concepts. In addition, she indicated that
since the modeling activity was very close to traditional word problems, students
would not be down in the dumps.

PT24 also claimed that the Bouncing Ball activity would improve and reinforce
students’ conceptual knowledge about the related sequences and series. He wrote the
following passage in the reflection paper to express his ideas about his intention to use
the modeling activity.

When it comes to evaluation of this question from the point of view of a teacher, this is a question
applicable only after the subject of sequence series (though not existing in the new curriculum) in
high schools or it can be an activity to be implemented in the subject of rational numbers. (In the
solution if it is taken as X , it can be a relevant question with rational numbers). | think that it is a
question that can be solved easily by high school level students. | am of the opinion that the
students who understand the essence of series in some degree will come to a solution without any

difficulty and who does not understand it will be able to come to a solution with their own logic
and rational operations (PT24, reflection paper for The Bouncing Ball activity).

From the above quote, PT24 tried to explain his aim to use the Bouncing Ball activity
such that it could be applied to students after the sequence and series subjects and even
rational numbers subject in order to help students understand the concepts related to
these subjects.

When we look at the overall prospective teachers’ aims in using the modeling
activities that were implemented throughout the semester, it was found prospective
teachers tended to note cognitive purposes mostly (see Table 16). Prospective teachers
stressed the aims that showed the relationship between mathematical concepts and real

life and provided meaningful mathematics teaching.
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Table 16 Prospective teachers’ ideas about the use of mathematical modeling activities

Negative Ideas
(n=2)

The Usage of Modeling Activities
Positive Ideas (n=23)

Reasons

The Aim of Usage The Place of Usage

The Frequency of
Usage

The Method of Usage

It requires more
time (n=2)

It is not
established
relationship
between
curriculum
adequately (n=1)
There is no clear
objectives (n=1)

Cognitive Aims Affective Aims Before subject matter

Meaningful mathematics
teaching

(Providing persistence in the
mind and recovering from
memorizing) (n=7)

Observing students’ thinking
process, providing students
uncover distinct ideas (n=3)
Measurement and evaluation,
reinforcing concepts (n=4)

Displaying the relationship
between mathematical concepts
and real life (n=2)

(making students feel the
mathematical concepts as
necessity, students notice
these concepts) (n=1)

Providing students After subject matter
motivation to learn (measurement and
mathematics (n=3) evaluation, reinforcing the

learned concepts) (n=5)

Breaking the prejudices about
mathematics (n=2)

Attracting students attentions to
lesson, Making the lessons fun
(n=2)

Reducing anxiety against the
mathematics (n=1)

Increasing the self-confidence on
mathematical expressions (n=2)

Rarely (2-3 in a year)
(n=3)

Sometimes (when it is
required) (n=7)

Often (n=15)

I use these activities
due to the fact that
group working is
useful. (n=1)

| use these activities
since it was a king od
student-centered
approach. (n=1)




4.2.2.2 Prospective teachers’ thinking about the place of using modeling

activities

Prospective teachers’ responses to semi-structured interviews, reflection
papers, field and observation notes, and post-survey responses were analyzed together.
As a result of this analysis, the views about timing in using modeling activities and
how this differs according to the levels of students emerged as codes. The timing of
using modeling activities meant that some prospective students preferred to use the
same modeling activity before the subject matter and some of them preferred to
implement it after lecturing on the subject matter. Moreover, it was examined how
prospective teachers’ views about the timing of using modeling activities changed
according to their level of knowledge throughout the semester. Prospective teachers’
ideas about the timing of using selected modeling activities were illustrated on the
following table (see Table 17). According to given table, four prospective teachers
considered using the given modeling activities after teaching the subject matter. This
situation can be interpreted as meaning that these prospective teachers might use these
activities in order to review what is learned and to assess how students apply their
knowledge on a given activity related to the subject matter. This interpretation was
supported by the previous results about prospective teachers’ aims of use. That is, the
prospective teachers who use modeling activities after teaching subject matter
preferred to use modeling activities in order to reinforce mathematical concepts and
for measurement and evaluation purposes mostly. For example, PT17 wrote in her
reflection paper about the Ferris Wheel activity: “When I consider this problem from
the point of view of a teacher, | can have an idea about whether trigonometric concepts
are acquired or not when I apply this problem to my students”. She considered using
the modeling activity to measure and evaluate students learning after lecturing on the
subject matter. PT24 also expressed his thinking as follows: “As a teacher if I wanted
to apply this question in a classroom environment, | would ask the students to solve it
individually after my explaining the angles in a circle and solving a few questions
about angles in circles and trigonometric calculations”. According to PT24’s
expression, he thought to use the same modeling activity to reinforce students’

conceptual knowledge about the subject matter.
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Table 17 Views of prospective teachers about the place of using the modeling

activities

Prospective
Teacher

Name of the Modeling Activity

The Ferris Wheel

The Bouncing Ball

The Water Tank

PT17 (Group 1)
PT14 (Group 2)
PT5 (Group 3)

PT10 (Group 4)
PT9 (Group 5)

PT23 (Group 6)
PT24 (Group 7)

After subject matter
Before subject matter
After subject matter
Before subject matter
Before subject matter
After subject matter

After subject matter

After subject matter
Before subject matter
After subject matter
NA*

Before subject matter
After subject matter

After subject matter

After subject matter
Before subject matter
After subject matter
Before subject matter
After subject matter
After subject matter

After subject matter

*NA: Not attended.

On the contrary, almost all of the other prospective teachers who consider using
modeling activities before teaching the subject matter wanted to use these activities in
order to teach mathematics meaningfully. For instance, PT14 wrote the following in
her reflection paper:
As far as | remember from my high school years, (school, private course etc.) trigonometry was
not a popular subject. Therefore, | think that such an activity may have positive effects on the

students changing their views on this subject. Their discovering the usage areas of math in daily
life may enhance their interest in the lesson (PT14, reflection paper for the Ferris Wheel activity).

She meant that modeling activities were useful for meaningful mathematics teaching.
It can be interpreted as students could learn mathematics meaningfully in this way.
PT9 also indicated the importance of meaningful mathematics teaching with the help

of modeling activities in the interview.

Interviewer: Hmmm. Well PT9, what did you learn from this activity?
PT9: The angle with sine.
Interviewer: Things that you already knew.

PT9: Well, actually, I cannot say it give me too much, but, I can say | will remember that sine
formula and will not forget easily.

These evidences supported the interpretation that prospective teachers who aimed to
use modeling activities for reinforcing concepts, measurement, and evaluation had a
tendency to use these activities after teaching the related subject matter. PT23 stated
his preference for using modeling activities after teaching related subject matter,

specifically about three aforementioned activities in the Table 15. He wrote in the
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reflection paper for the Ferris Wheel activity: “Namely, | would use this after giving
attainment which I will use at work.” He expressed his ideas about where he
considered using it as follows for the Bouncing Ball activity: “If I handle this from the
point of view of a teacher, | do not apply this activity with the idea of making students
have attainments. | use acquired attainments in implementation step.” He also wrote,
“It seems to me that I could use these in the implementation phase” for the Water Tank
activity. To sum up, prospective teachers perspectives became more dominant about

why and where to use the modeling activities.

4.2.2.3 Prospective teachers’ thinking about the method of using modeling

activities

When prospective teachers’ views about using mathematical modeling activities in the
classroom setting were examined, it was revealed that prospective teachers had
inclinations to use group work rather than individual work or a combination of group
and individual work in using modeling activities. The views of seven prospective
teachers who were selected from their groups were investigated throughout the
implementation of six modeling activities. The findings demonstrated that prospective
teachers had an agreement about using group work when they would implement the
Summer Job and the Free Roller Coaster activities. It was observed that most of group

representatives preferred group work for all applied modeling activities (see Table 18).

Table 18 Prospective teachers’ views about suitability of modeling activities for

group vs. individual work.

Name of the Modeling Activity

Prospective Summer Ferris  Street Bouncing  Free Water
Teacher Job Wheel  Parking Ball Roller Tank
Coaster

PT17 (group 1) Group Group  Individual  Individual Group Group/

work work work work work Individual
PT14 (group 2) Group NC* Group Group NC NG
work work work
PT5 (group 3) Group NC Group Group/ Group Group
work work L work work
Individual
PT10 (group 4) Group Group Group Group
work %Jg;’kp work NA* work work
PT9 (group 5) Group individual Group Group Group Group

work work work work work

work

198



Table 18 (continued)

Name of the Modeling Activity

Prospective Summer Ferris  Street Bouncing  Free Water
Teacher Job Wheel  Parking Ball Roller Tank
Coaster
PT23 (group 6) Group Grou Group Group Group Group
work P work work work work
work
PT24 (group 7) Group . Group Group Group
work In%:/\c/)lrdkual work work work NC

*: NC: No comment, NA: Not attended

According to above table (see Table 18), some of the prospective teachers expressed
their ideas. They considered using only group work as an implementation method with
respect to each of the modeling activities (e.g., PT14, PT10, and PT23). For example,
PT23 explained his ideas about group work as a method of application in the following
episode after the Summer Job activity. He stated the advantages of group work in
modeling activities such as emergence of realistic ideas, finding the solution in a short
time, interaction of group members etc.

Interviewer: You decided to use this activity. How would you do it?
PT23: 1 would use group study.

Interviewer: Why group study?

PT23: Well, more realistic ideas come out with group study. Students can criticize each other’s
ideas and find better and more realistic solutions. Easier solutions in shorter times.

Interviewer: You are saying that you would use group study for this type of problems.

PT23: | mean, group study can be better for students to collaborate, listen and understand each
other, and find a solution.

Similar to PT23’s expressions, PT14 stated her comments about why group work was
so important and why she considered selecting group work as an implementation

method for the Street Parking activity in the following excerpt.

Interviewer: How would you implement this whole activity in your classroom?

PT14: Well, to begin with, I think group study is very important. | understood this very well with
this activity, because you may not see that you are doing it wrong, but your friends could
show you the right way. I can see Mehmet’s solution and it makes sense. I can see different
solution methods with group study and | can be aware of my mistakes. | think learning
about your mistakes is as important as finding a solution. For these benefits, | would use
group study, because at some point, you cannot go further individually.

Although most of the prospective teachers preferred the group work method in their
future implementations of modeling activities, some of the prospective teachers (PT17,

PT9, and PT24) indicated that they could use individual work with respect to the nature
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of modeling activities and related subject matter. For instance, PT17 stated her
preference in the Bouncing Ball activity as follows: “If I were a teacher, | would
implement this problem individually. I think that students can do it on their own too.”
PT24 also indicated his preference as individual work while implementing the Ferris
Wheel activity by giving reasons. He wrote: “No use of technological programs, it is
not having so much open-ended point, it is being parallel to former questions and its
being solved only by mathematical process make this question more suitable to use for
an individual study”. Alike PT17 and PT24, PT9 also expressed her preference to use
modeling activity (the Ferris Wheel) individually.

It is evident from the above quotes that some prospective teachers mentioned
the reasons such as structural properties of modeling activities (e.g., open-endedness,
requiring assumptions), aiming to measure and evaluate students’ learning, and seeing

the similar activities in previous lessons or courses.

4.2.2.4 Prospective teachers’ thinking about the frequency of using modeling

activities

Prospective teachers’ responses to the following question in the post-survey
were analyzed and coded in terms of qualitative data analysis: “Do you think to
implement modeling activities in your classroom when you become an in-service
teacher? Explain it with reasons.” Process analysis was also carried out throughout the
semester. As a result, prospective teachers’ responses to post-survey about the
frequency of using modeling activities were parallel to their answers throughout the
implementation of the modeling course. For example, in the very beginning of the
modeling course, PT24 stressed the significance of mathematical modeling activities
in high school and undergraduate levels without indicating any frequency after the
implementation of the first modeling activity (the Summer Job). He emphasized that
these activities ought to be in the high school and undergraduate school curricula.

Interviewer: Good, well, do you think these kind of problems should be in high school curriculum
or in university level? If so, how it should be?

PT24: 1 think these kind of problems should be, why? Because, they have students look for
different approaches and different results. | mean, instead of grade 4, it can start in further
grades as low levels. We can asks others’ opinions and increase the levels gradually. If a
high school graduate encounters a problem in daily life, he/she should at least be able to
come up with three different solutions.

200



Since there was not any question related frequency of using modeling activities in the
process (in reflection paper guideline and interview questions), it is not possible to
display developmental process in frequency of using these activities. Rather, there
were evidences about prospective teachers’ thinking about using modeling activities
when they become mathematics teachers actually. In the post-survey form, PT24
indicated his opinion about using modeling activities as follows: “Yes, I consider
implementing mathematical modeling in the future because | think that the students
will love math, the fears will diminish with these modeling, and they will understand
the subjects better.” Aforementioned in the previous parts, more than half of the
prospective teachers stated that they thought to use modeling activities frequently. For
example, PT10 wrote: “When I am a teacher, I will implement these activities quite
often because | mentioned about my own attainments above. | want my students to
have similar attainments”. PT5 also intended to use modeling activities in order to
demonstrate to students the relationship between mathematics and real life situations
in the following excerpt from her post-survey form.
I am thinking of implementing this modeling in the future when | am a teacher. Because with these
modeling activities, first of all, they will enable the students to find answers to questions like “Sir,
Where will we use this and what is the use of this?”” and they will show to the students math is
frequently used in daily life. What is more, alongside common math questions, | will check and
see if they understood the subject fully or not and even if they understood it, | will have seen
whether they could use it in an effective way or not. And these activities will enable me to

understand which subjects | should or should not repeat considering their final solutions (PT5,
post-survey form).

Even though more than half of the prospective teachers stated a frequency
about using modeling activities in their future classrooms, some of them declared that
they preferred to use modeling activities when they were needed. For example, PT2
pointed out that modeling activities would be helpful when students did not understand
any mathematical concept rather than using in every unit or teaching mathematical
concepts. She also mentioned that using more modeling activities would bore students.

She wrote:;

I cannot tell you, I quite often include modeling activities when | am a teacher. Because | think
that modeling activities for every subject can bore the students. But | think that for the subjects
which are not understood fully or seem illogical to the students and moreover which may bring to
mind questions like” why do we learn this? Where will we use this?” these activities will be useful
and will make a great contribution to their learning. Furthermore especially for the subjects that
consist of parrot fashion, | implement this activity occasionally to make my students find out what
they know and to make the subject catchy and then by this way | want to make my students think.
An activity where an everyday situation is blended with thinking and knowing could be
implemented in a classroom and | think of using such activities in my future lessons (PT2, post-
survey form).
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PT23 wrote in the post-survey form as “By the time I am a teacher I think of using
modelings for some subjects when they are appropriate. Because | hope that this will
be useful to revive some subjects in the minds of the students.” In the previous quote,
PT23 said that using modeling activities in some topics would be beneficial for
students in stimulating the cognitive processes of concepts in their mind. Although
PT2 and PT23 declared that they considered using modeling activities when they were
needed, some prospective teachers put forward an opinion that there would be less
time for these activities due to the educational system and therefore, they could use a
few activities when they become in-service teachers.

I do not implement much, 2 or 3 times at most in a year. Because, unfortunately the system of

education requires this. But if | notice that the students did not understand the subject of curves,

then 1 would do an activity of roller coaster with the aim of helping them think about the subject

differently. Also | could evaluate their knowledge by this activity instead of quizzes (PT16, post-
survey form).

For instance, PT16 implied in the above quotation that he could get only a few chances
to implement these activities because of the educational system (2-3 activity in a year).
He also expressed that he could use these activities when students did not understand
a subject matter as a last help.

To summarize this section, the findings demonstrated that more than half of the
prospective teachers who took the modeling course thought to use modeling activities
frequently in their future classrooms. Some of the remaining prospective students
reported that modeling activities could be used when needed. Very few prospective
teachers said that very few modeling activities could be used in the classroom because
of some reasons such as educational system, or not enough time allocation. It is
significant that prospective teachers developed an idea about using modeling activities
whereas they did not have any opinion about using modeling activities in classroom

setting before they took the modeling course.

4.2.3 Prospective Teachers’ Thinking on Group Work in the Modeling Process

In the light of the analysis of reflection papers, individual interviews,
videotaped records, and observations during the modeling process, the findings
demonstrated that most of the prospective teachers viewed the group work process as
positive and effective. Some of the participants pointed out that they would have
encountered difficulties if they solved the modeling activities individually instead of
in a group. For example, PT24 indicated both the advantages and the disadvantages of

202



group work in the interview after the implementation of first modeling activity (the

Summer Job).

Interviewer: Okay, PT24, how was the group working for you?

PT24: Group working was good. | like to work with group because distinct ideas, different
perspectives emerges in the group working. One of my friends sees the point that | do not
see. | could complete the missing of my friends or vice versa, thus the solution could be
found easily and quickly. Sometimes the solution could be found late because | could not
see the point and so my friends which results in failure. There exists a time difference
between individual working and group working. In this activity, we produced a good
solution.

In the preceding episode, PT24 elaborated on the benefits of group work such as
exploring different ideas and perspectives, which allowed them to find the solution
quickly. PT24 indicated that sometimes group work resulted in failure because of a
breakdown in communication between group members. PT14 evaluated their group
work process in the interview after the implementation of the Ferris Wheel activity.

Interviewer: Can you evaluate the process of group working during the implementation? Was it
useful?

PT14: Of course, yes. The group working was good and enjoyable. Namely, in order to solve the
problem situation, you should be eager. If | was on my own, | would not be eager to solve.
In group working, | would be eager to engage in the activity and solve it. It was also
enjoyable with your group members.

Interviewer: Do you enjoy with it?
PT14: Yes, | enjoy it.
Interviewer: The communication in the group is good by then.

PT14: Yes, our communication is good and therefore, one of us always discards an idea. When
one of us do not find any solution, others develop solutions for the problem situation. That
is good.

In the above episode, PT14 stated that the group work gave them the opportunity to
more easily understand the problem. She compared group work with individual work
in terms of motivation. She concluded that she would not be motivated if she worked
individually. She also put emphasis on the communication in the group work.
Communication was important because it allowed them to discuss ideas regarding the
solution. For instance, the following group working episode (group 2) transcribed from
videotaped records reflected communication in the group. It also showed how

prospective teachers discussed the problem in order to understand it.

PT13: There will be a sudden descent at least three places.
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PT15: It is not asked us to design a way.
PT13: So, what is expected from us?

PT15: The only thing, no, it is not wanted from us to design. Here is 6 meters, here is 9 meters.
There are three ups and downs at most from here.

PT13: OK, we will do this part.

PT15: We will find in which parts the excitement will increase in this section. In which part will
the excitement decrease?

PT13: The excitement will increase here. Will we say this?

PT15: Yes, when we assumed that the slope is 5.67 mathematically, namely, when it was go up
here, we will compare the slopes at distinct positions. For example, as if the excitement
increased here, in fact, it would be increase more at that point.

PT14: This graph will be distance versus height.

In the above part of the episode, members of the group 2 tried to understand problem
in the Free Roller Coaster activity. As it was understood from the conversation
between group members, they tried to understand the problem and develop solution

strategies.

PT14: Let us do like that. Now is here 3 meters? Okay, here is 3 meters. What slope means, | will
draw a tangent line.

PT15: It says at least. That means we can do more if we want. It does not matter how many they
are. According to me, the most important thing is at which height the slope is more. Namely,
it is need to check out how many ups and downs would be when the slope chosen as 5.67.

PT14: OK, then. Why the a hundred meters has been given? Where will we use it?

PT15: Here, therefore, what distance it covers when the slope is 5.67?

PT14: Just like that.

PT15: OK, then we will look how many ups and downs could be made according to it.

PT14: Okay, Let us do like that. Will we take the slopes from here? Or the slope of here. What are
the givens? 9 meters, 6 meters, and 100 meters are known. Then, | will fix the value of
tangent angle with 5.67. Think about | draw a line from here. Now, | know that here is 3
meters. Is it here a positive angle with x-axis?

PT15: Yes.

PT14: By using it, | will find the tangent value of that angle. | will say here 3 meters. | will find
the distance here, under the 100 meters.

PT15: Just like that. We will find here.

In the preceding part of the group discussion, prospective teachers told each other what
they understood from the problem and clarified the possible solution methods by

making assumptions such as fixing the value of tangent angle on the potential graph
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for the roller coaster. It can be interpreted that group members tried to convince each
other how to solve the problem by asking questions or claiming new ideas. As it was
seen from the above conversation, the discussion had by two prospective teachers was
observed other members of the group. For example, PT15 sketched a drawing for the
way of roller coaster (see Figure 14) and made assumptions from that drawing.
Meanwhile, PT16 also participated in the discussion by drawing attention to the text

of the problem in the following part of the conversation.

PT14: So we found here. How will find there?

PT15: We will think of all like that. Accordingly how many times...
PT16: But, the finishing height will be 9 meters. Is there like that?
PT15: No.

PT16: I understood that it will start from a point, it may go up, but it will finish at 9 meters level
at the end.

PT15: Yes, correct!
PT14: You say it does not need to be fixed at 9 meters level.
PT16: No, it does not.

PT14: It is really very logical. Let us draw here again.

6m

100m

Figure 14 A video still from the solution of the group 2 for the Free Roller Coaster
activity and the drawing on the right side is the recreation of the students’ original
sketch

According to preceding part of the episode, PT16 asserted that the height needed to be
9 meters. It was understood from the conversation that other members of the group
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accepted this suggestion and they were convinced to revise their first drawing of the
graph as displayed in Figure 15.

100m

Figure 15 A video still from group 2’s solution and the drawing right side is the

recreation of the students’ original sketch

The evidence presented in the above section demonstrated that prospective teachers
could put forward distinct ideas and other group members checked the correctness of
these ideas. They might also suggest a more accurate way for the solution as indicated
by another prospective teacher in the beginning of the quote. Similarly, PT10
contended that group work was effective in the process of solution in the following
episode.

Interviewer: Okay, if we go on with the perspective of group working, do you think that the group

working is efficient?

PT10: Definitely, that is, it is really efficient. With the modeling activity, it is expected from us to
think about and chew over the problem situation. In my opinion, this type of activities
require group working precisely. | found the cosine theorem, but if my friends did not tell
me that the sine theorem or how to calculate the height there, | could not do anything about
the solution. | think like that. I could solve only second part of the problem situation. |
could not solve the remaining parts. | achieved that with the help of group working. I got
my friends’ opinions, we discussed the ways of solution, and then we solved the problem.

In the above episode, PT10 stated that group work was necessary for modeling
activities because it required more thinking. She said that she would have been able to
solve very little of the problem if she worked individually. She also explained the
importance of discussion in the group work process.

In summary, most of the prospective teachers indicated that group work was

effective in terms of developing distinct ideas, communicating among group members,

206



learning from each other, and solving the modeling activity quickly when compared
to working individually. In addition, some of the prospective teachers stated that
working in groups provided them with the opportunity to help each other during the
solution process. In order to better understand prospective teachers’ ideas about group
work in the implemented activities in terms of effectiveness, the following table (see
Table 19) illustrates PTs’ opinions according to the modeling activities.

Table 19 Prospective teachers’ views about effectiveness of their own group

processes
Name of the Modeling Activity
Prospective Summer  Ferris Street Bouncing Free Water
Teacher Job Wheel Parking Ball Roller Tank

Coaster
PT17 (Groupl)  Efficient Efficient Inefficient Inefficient Efficient  Efficient
PT14 (Group 2) Efficient  Efficient Efficient Efficient Efficient  Efficient
PT5 (Group 3) Efficient  Efficient Efficient Efficient Efficient  Inefficient
PT10 (Group 4) Efficient Efficient  Efficient = NA Efficient  Efficient
PT9 (Group 5) Efficient  Inefficient Efficient Efficient Efficient  Efficient
PT23 (Group 6)  Efficient Inefficient Efficient  Efficient  Efficient  Efficient
PT24 (Group 7)  Efficient  Efficient Efficient Efficient Efficient  Efficient

According to table above, most of the prospective teachers who represented their
groups declared the process of group work in all implemented activities as efficient.
This outcome correlated with the views of prospective teachers about the methods
preferred when using modeling activities as indicated in section 4.2.2.3. In addition,
some of the prospective teachers thought that they would encounter difficulties if they
worked individually. As can be seen in from the above table (see Table 19), some of
the prospective teachers asserted that their group work was inefficient in some of the
implemented activities.

Prospective teachers were asked how they would implement the modeling
activities they learned throughout the semester in interviews and reflection papers after
the implementation of each modeling activity. Their preferences are indicated in
section 4.2.2.3. According to these findings, prospective teachers expressed that they
were considering using group work when they became teachers. The findings

demonstrated that differences existed in prospective teachers’ considerations about
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forming and managing groups. When the Table 18 was examined, it was clear that
prospective teachers had an inclination to use group work during the modeling process.
When the responses of the participants who considered using group work were
analyzed differences about the formation of groups with respect to intended aim and
individual preferences played a role in the determination of the number of members in
each group. For example, PT17 claimed that she preferred to form groups with only
two members each. Her explanation is provided in the following episode.

Interviewer: You told that if group working selected, there would be three members for each group.

So, what do you think about the number of member in each group for being
appropriate in the implementation?

PT17: I always think there should be two members for each group. I think about the students, for
example. If they were three or four members in each group, they do not respect each other
due to the reasons such as not mating enough. One of them could be dominant or diffident.
Therefore, if there are two members in each group, they communicate each other easily. If
there existed four members in each group, two of them communicate with each other and
the remaining members could drop back. So, two members in each group is much better. It
also depends on the number of students in the class. For example, if there are 24 students
in the classroom, dividing students into groups with two members could be difficult. In this
case, three members in each group is better according to me.

In the preceding episode, PT17 stated that she could determine the number of members
in each group according to students’ characteristics (e.g., not respecting each other,
not maturing enough), potential dynamics in emerged in the group (e.g., dominating
each other’s’ ideas, being ineffective) or class size. PT9 pointed out in the following
quote that grouping students’ according to the way they think would be effective in
the modeling process.
I would want my students to pay attention to settlements of vehicles, to think about parking areas
around them. They would think different settlements and then | would ask them to think which of
these settlements takes smaller space. After doing these things, |1 would say "Let's show this
mathematically now; which one will take smaller space™ and | would hand out the questions. After
having first ideas of the students, | would put the students who have chosen the same settlements

in the same group. | would form these groups with three or four people each. These groups would
try to prove their own hypothesis (PT9, interview after the implementation experience).

In the previous excerpt, PT9 noted that forming groups according to students who had
similar considerations about the possible solution of the modeling activity would be
effective. She also stated that groups would discuss a possible solution and therefore,
they reached the correct solution. Moreover, PT24 emphasized the importance of
group work in order to produce new ideas, “Implementing this question in a classroom
as a group may be more efficient. Because it is a kind of question that can be solved

with different ideas, they can compare their ideas with their friends and can think up
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an idea together”. In the preceding quote, PT24 kept in the forefront the function of
group work rather than grouping style and the number of members in each group.
According to the findings obtained from the analysis of post-survey responses,
prospective teachers underlined the significance and relevance of group work in the
implementation of modeling activities. For instance, PT17 stated that she learned a lot
in the process of group work in the following excerpt: “I learned to combine different
ideas with ours with the help of group work. We also tried to overcome the difficulties
that we encountered together. It was also useful in terms of this point.” According to
previous quote, she expressed the contribution of group work because it helped her to
learn how to combine different ideas with her own ideas. She also learned how to deal
with difficulties during the solution process. In addition to this, PT24 supported PT17’s
consideration as follows: “I also discovered how personal opinions formed by group
work, it helps students to have or catch different points of views”. In the preceding
quote, PT24 indicated that group work helped students to notice the different
perspectives during the modeling process. PT3 suggested that group work ought to be
done while implementing modeling activities in the following quote:
While implementing modeling questions in teaching of mathematics, group work absolutely
should be done. The students should discuss their ideas among themselves and reach solution by
this way. Because one can compensate the other one’s incorrect idea with his/her correct idea and

they can reach solutions more apprehensibly and correctly (PT3, report written after the
implementation experience).

In the preceding excerpt, PT3 mentioned the importance of discussion during group
work such that students could correct their wrong ideas during the process, and they
could reach comprehensible and correct solutions. Other prospective teachers
expressed similar opinions about the importance of group work during the
implementation of modeling activities.
To sum up, prospective teachers declared their opinions about group work as
follows:
e group work was important and relevant in the implementation of modeling

activities,
e group work revealed the distinct ideas and solution approaches,

e members of the groups filled in the missing parts of each other in terms of

knowledge,
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e group work enabled students to evaluate all of the proposed ideas and then,

they reached the solution.

In addition to the advantages of group work, some of the prospective teachers
mentioned the limitations of it. For example, PT23 expressed that dominant member
in any group could cause other members of the group to become passive in the group
work process. As a result, it was observed that group work was an efficient method in
the implementation of modeling activities and approached positively by the

prospective teachers.

4.2.4 Prospective Teachers’ Conceptions about the Relationship between

Technology and Mathematical Modeling

The findings acquired from the analysis of reflection papers and individual
interviews after the implementation of modeling activities demonstrated that
prospective teachers thought that the use of technological tools accelerated the process
of finding a solution by providing fast computation in the operations. In addition to
this, it was helpful for computing the results of difficult equations. For example, PT24
underlined the importance of technological tools in the solution process in the
following episode.

Interviewer: What did you do in order to overcome these difficulties? That is, how did you
eliminate the errors in the operations?

PT24: We eliminated our errors by using calculators. We tried to reach the precise solution with
the help of calculator. We used calculator for calculating the areas. Although we used the
calculator, we got mistakes. We corrected later. We eliminated the mistakes that stemmed
from operations.

In the preceding episode, PT24 told said they used a calculator check their operations.
He stated that they eliminated the mistakes in the operations by using calculator and
this provided them with accurate results. Similarly, PT9 mentioned the importance of

technological tools in the modeling process in the following episode.

PT9: | think we will get difficulty when we calculate with paper and pencil method.
Interviewer: However, your strategy determined the operations in the solution steps.

PT9: Yes, but when we denoted here by “a”, that is, when we used Pythagoras theorem, it resulted
in complicated. Namely, OK, may be either delete or ...

Interviewer: Namely, it requires technological assistance.

PT9: Yes, it is needed.
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Interviewer: The result was an equation with second order. The roots were not familiar, they were
really strange.

PT9: Yes, that would be a problem for us. It was not solved by paper and pencil. Namely, we
solved it with the help of technological tool.

In the above episode, PT9 expressed that using technological tools facilitated their
computation. She stated that they would have difficulty in computing if they used
paper and pencil rather than a technological tool such as a calculator. She also indicated
that finding the roots of some quadratic equations could not be resolved by paper and
pencil. Therefore, technological assistance was needed in these situations. Some of the
prospective teachers stated that using technological tools such as a calculator speed up
the solution process. For instance, PT8 wrote on the post-survey form as follows:
Technologically, we used calculators for the solution of the problem. If we had not used
calculators, no matter how the equation was with one unknown in order to solve such an equation
whose guadratic multiples were not whole numbers, we would have needed to spend too long time
on the problem. In this respect, calculator's contribution was great and at the same time, we made

advantage of calculators to calculate trigonometric values (PT8, post-survey form for modeling-
technology relationship).

In the preceding excerpt, PT8 compared computation by paper and pencil with
technological tools, and he concluded that the paper and pencil method was not an
efficient use of time. She expressed that using a calculator facilitated their solution
process by finding accurate trigonometric values.

Besides positive contributions from technological tools, some of the
prospective teachers mentioned the limitations associated with them. For instance, PT5
expressed the difficulty that she had when she tried to use calculator during the solution
process as follows:

I encountered with many difficulties while studying on the problem. The most important one
among these problems was to calculate an angle whose sinus value was known. Because some

calculators while giving results as radian, it was necessary to turn the result into degree and use of
calculators was quite complicated (PT5, post-survey form for modeling-technology relationship).

In the preceding quote, PT5 mentioned the difficulties that she experienced in using a
calculator. It was understood from the quote that using technological tools could be
difficult because prerequisite knowledge of the calculator was required in order to use
it properly.

In summary, prospective teachers stated that using technological tools could be
beneficial in the modeling process, but it could be difficult if using these tools required
extra knowledge to use them properly.
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4.3 Prospective Teachers’ Conceptions about the Importance of Mathematical
Modeling in Teaching and Learning Mathematics

In the previous sections, it is reported that prospective teachers developed
positive conceptions about the use of mathematical modeling activities in the
classroom setting. Most of the prospective teachers indicated that they wanted to use
these modeling activities when they became in-service mathematics teachers. The
findings demonstrated that prospective teachers stressed the importance of
mathematical modeling and modeling activities in the teaching and learning of
mathematics. Most of them indicated that modeling activities were useful tools to use
explaining subject matters used related real life situations. It also served as a tool to
help motivate students to focus on the subject matter. In order to reflect prospective
teachers’ positive point of view mathematics, it was focused on how prospective
teachers developed positive perspective about the use of mathematical modeling and
modeling activities in the classroom settings as exemplary for reflecting other
teachers’ opinions about the place and significance of mathematical modeling in
teaching and learning

In the case of PT14, after the implementation of the first two modeling
activities, she discussed the importance of modeling and modeling activities.

Interviewer: Well, have you learned anything new here?

PT14: Of course! Actually, | thought like, we have been here for 3 years, but | feel like they were
floating in the air. | mean, it is like there is never any application. Well, we have been
proving things for years. | wonder about something, for example, | studied Topology last
semester.

Interviewer: It is a really good course.

PT14: It is good, | really liked it and | had a perfect grade, but | keep thinking about it and | say,
“How can I adopt Topology?” I cannot concretize some of the things; they are just floating
in the air. OK, | know what Topology is, | know about the surfaces and everything, but how
can | use it in everyday life? | passed the course, but | know that | will definitely forget
about it. I mean, it does not fit anywhere, like | said, we know about everything, but when
it comes to application, we have problems.

Interviewer: What if we had modeling activities that we can apply to those subjects?

PT14: | passed Topology course, | passed it, and we have had courses with single variable and
multiple variables. We just got out of high school and we were introduced to everything. |
mean, it was really hard, but everything makes sense now.

In the preceding episode, PT14 expressed that she felt “knowledge gathered from

undergraduate mathematics courses seemed to be up in the air” after taking these

course by giving examples from some of them. For this reason, she declared that they
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were difficulties in perceiving and embodying the concepts in some mathematics
courses that were taken in undergraduate education. She stated that these concepts

became logical and meaningful via mathematical modeling.

Interviewer: OK, did the previous activities contribute the solution of this activity? P

PT14: Thinking style is changing. For example, the used mathematical concepts are different from
each other. We used exponentials here; we used different concepts in the previous activities.
Our perspective is changing after solving different types of modeling activities. | try to
think more widely with the influence of previous activities although there were no common
points between the activities. We obtained different kind of solutions such as equations,
intervals, etc. Another example is that we thought there was only one solution or more by
thinking of the first modeling activity (The Summer Job). We try to think that there can be
more solutions according to the nature of modeling activity and mathematical concepts
within. In my opinion, each modeling activity has an influence on our thinking style and
perspective.

Interviewer: You said they changed out perspectives.

PT14: Yes, it happens like that. For instance, | said myself that we could not solve this by using
that. However, students from different groups could solve the problem by relating different
concepts.

In the interview held during the midterm with the prospective teacher PT14, she stated
in the preceding excerpt that the implemented modeling activities changed their
perspective by including distinct concepts and contexts. Due to this, they learned how
to look at the situations from a wide perspective and understood cause-effect
relationships easily.

PT14: ... For example, I have a private student at grade seven, she always think everything
linearly. She do not understand the difference between proportion and inverse proportion
in the daily life examples. Therefore, | teach the proportion by giving example from real
life and also for the inverse proportion. Then | ask her to give one example for each about

the proportion and inverse proportion. | grasped this technique from the modeling course.
Because our perspectives are changing and it changes your approach to mathematics also.

Interviewer: it is good for you. Relational understanding you say.

PT14: Yes, that is right. This course taught me the concept of awareness, then you notice
something different that were not noticed before.

In the interview with PT14 after the implementation of the modeling activity, the
Water Tank, she stressed the importance of mathematical modeling in the course. She
applied the information she gained from the modeling course with her private student.

In the case of PT17, it was observed that she made evaluations specific to each
activity regarding the place and significance of mathematical modeling and modeling

activities throughout the implementation process. In the beginning of the semester, she
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indicated the importance of modeling activities for introducing and motivating
students to relatively difficult subject matter such as trigonometry.
Interviewer: If you look through eyes of a teacher, what do you expect from students to gain if you
implement his activity?

PT17: | want students to use trigonometric identities in the activity. | want to observe whether
students understand or not. | want to use this activity in my class in the future. Because
when relating mathematical concepts with real life, students could pay more attention to
the lesson and they could adapt to lesson more easily.

In the preceding excerpt, PT17 stated that using modeling activities motivates students
to comprehend the subject matter, and it enables them to adapt to the lesson. She also
mentioned that these activities could be used for measurement and evaluation after the
teaching of a subject matter.
I noticed how to use my trigonometric attainments, which I acquired from mathematics education,
in daily life. Namely, I discovered that these attainments are not only to have success in exams but
also to make life easier. Because like many students, | was also curious about what the use of
trigonometry was in daily life, during the process in which | learned trigonometry. It was a kind

of problem that | can use to reply to a student who has such a curiosity when | am a teacher. For
this reason, I think that this problem is useful (PT17, reflection paper for the Ferris Wheel activity).

It was understood from the above excerpt that modeling activities helped to explain
the relationship between the mathematical concepts and real life situations. She also
pointed out that she noticed the knowledge gathered from subject matter helped during
daily life. Moreover, these activities were useful for teachers when they explained
subject matter used in real life.

In the middle of the implementation period, she compared the previous
modeling problems with the Street Parking activity in terms of context and difficulty.

In the following episode, PT17’s thought about the modeling activities were given.

Interviewer: Did the previous modeling activities contribute to this process of solution?

PT17: OK, let me think about it. For example, in this activity we understood that we need to
construct a system. In the previous activity (The Ferris Wheel), we designed a system
also. That is, we got familiar to these types of activities. In traditional word problems, an
angle of a triangle was given, then we put the values on the triangle, then we get the
correct answer. But in modeling activities, we could not find the unknowns easily. There
is no exact and obvious solution path. We experienced with modeling activities and we
are practical now.

Interviewer: You mentioned about the “we used equation, trigonometric identities”. Have you
know these concepts before? Have you learned new things? Is there any change in
your knowledge?

PT17: All of these concepts are known. Maybe if we were high school students, | could say that
we did not know to solve these equations or we did not know the relationship between the
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value of angle and of sine. Since we examined all these concepts, there is no concept that
we learned newly.

In the previous excerpt, she indicated that they were accustomed to the style of
modeling activities. She asserted that previous modeling activities were hard, but they
were also practical. She stated that she did not learn any new subject matter, but she
admitted that she learned how to make relationships between mathematical concepts
and real life situations.

After the implementation of the last modeling activity, the Water Tank, she
evaluated the change in her perspective on classroom discussions carried out after each
modeling activity.

Interviewer: So, what can you say about the contributions of these activities other than
mathematical ideas?

PT17: For example, | can say about the classroom works. | used to see the classroom works as
only presentations. However, | observed in this activity that | saw how students see the
concept of slope and curve. | thought of common ideas about how to teach these
mathematical concepts. | envisioned that if | teach like that, what images emerge in the
students’ minds. Therefore, classroom discussion was useful for me.

According to the above excerpt, she observed other prospective students’
considerations on the slope and curve. She expressed that classroom discussions were
useful in helping to understand what students thought about mathematical concepts.
In the case of PTY, after the implementation of first modeling activity, she
expressed the enthusiasm about the modeling course and modeling activity as follows:
“These are good. I like the course because I liked the activities within the course”. She

also expressed that the Ferris Wheel activity helped her understand the sine theorem.

Interviewer: Yes, OK, What did you gain from this activity?
PT9: I grasped the use of sine theorem.
Interviewer: In fact, you have this knowledge before.

PT9: Namely, | cannot say that | have learned a lot from this activity, but I can say that how to use
sine theorem. Hereafter, | can say that | do not forget this no longer easily.

It was evident from the above episode that modeling activities provided her with the
opportunity to internalize the sine theorem. She said that she learned to apply the sine
theorem to real life situations although she knew the theorem before.

In the reflection paper she wrote after the implementation of fourth modeling
activity, she noted teacher intervention during the application of modeling activity.
She indicated the importance of teacher intervention and its timing as follows:
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With the help of this question, | saw how a teacher should treat a student when the student cannot
reach the solution or reaches with wrong way. This was the kind of treatment | had thought but
when | needed to give examples, certain examples did not come to my mind. | saw this by
experiencing. The question asked us “which point the slope will be maximum”, drawn curve and
slope change question asked upon this curve helped me to comprehend the question rightly. | think
of how | could not notice the characteristic of the shape when | had a look on it. | had already
drawn the requested shape unintentionally, but for me, my teacher’s role was in the forefront in
noticing the last characteristic we found (PT9, reflection paper for the Free Roller Coaster
activity).

In the preceding excerpt, PT9 stressed the significance of the role of the teacher in the
implementation period. She expressed that the teachers’ questions about the slope of
the curve enabled her to comprehend the main scope of the modeling activity. For this
reason, she emphasized the role of the teacher during the implementation of modeling
activities.

In the interview held after the implementation of last modeling activity, she
analyzed the modeling activity and indicated where to use it.

Interviewer: OK, | see, if you implement this activity in your classroom in the future, which
objectives do you want your students to reach? Or, would you implement it?

PT9: Namely, I think it would be good for students’ interpretation of graphs because we observed
that some of the groups did not interpret their drawings. This activity could be beneficial
for students to interpret their own graphs.

In the preceding episode, PT9 identified the purpose of the modeling activity and
specified its place for use by observing the other groups’ presentation in the previous
modeling activities. From the episode, it can be interpreted that she determined where
to use the modeling activity according to the students’ needs.

At the beginning of the term, PT24 indicated that he learned where to use the
sine theorem in the interview that was held after the implementation of the second
modeling activity.

Interviewer: So, did you know the mathematical concepts and ideas involved in the modeling

activity? Or, is there any change in your knowledge about these concepts? Did you
learn new things in this process?

PT24: In the process, | ought to learn the sine and cosine theorems, but | have not learned these
theorems. | should learn these theorems because these are could be needed.

Interviewer: In fact, do you know them or?

PT24: | know these theorems and their definitions and formula. However, we do not make practice
about how to use these theorems. We have been away from making practice for three years.
We dealt with proofs and theorems. We need to make practices about them to show
progress. There is no unknown concepts here, we know all of these. However, we do not
have any idea about how to use these concepts in real life. | always wonder about the cosine
theorems and about where we can use it in daily life. Because these theorems are
fundamentals of mathematics. We can face with these concepts almost in every part of
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mathematics. | realized that these concepts can be used in daily life and they are very useful
for us.

In the above episode, PT24 stated that the modeling activity gave him the opportunity
to remember the sine and cosine theorems. Equally important, he was able to see where
these theorems were used in the real life that. He declared that he did not know how to
apply the sine or cosine theorem to real life situations although he knew these theorems
theoretically. He said that he used to question why these theorems were used so much.
Then, realized how they were used in real life situations via mathematical modeling
activities.

PT24 mentioned the contributions of modeling activities during the middle of
the implementation process. He stressed the importance of modeling activities in
learning the subject matter as a whole and conceptually by observing the real life
applications. For example, he said that he comprehended the role of derivative during
the investigation of functions and their characteristics as follows:

I saw concretely with the help of this question what the concept of the role of derivative is in
characters of derivative that | had seen abstractly and in analysis of these characters. Information
about derivative and instant derivative shaped better in my mind. Namely, | can say that |

experienced quite difficult but efficient solution process (PT24, reflection paper for the Free
Roller Coaster activity).

It is clear from his quote that the modeling activity helped him to understand the
subject matter in-depth. It also helped him form strong schemas in his mind about the
subject matter.

In the reflection paper written after the implementation of the last modeling
activity, which was the Water Tank, PT24 specified the mathematical concepts in the
modeling activity and made a plan regarding how and when to use that modeling
activity in the classroom setting.

Mathematically main subjects in this question were these concepts, characteristics of curves, what
causes the function that increase with increasing rate or increase with decreasing rate; how an
increase or decrease in unit's change in a function affects the graphic of function. For this reason,
If | were a teacher, before explaining solutions of graphics to the students, I would use this question
to enable something concrete in the minds of the students or to measure whether the subject is

understood or not at the end of the subject (lesson) (PT24, reflection paper for the Water Tank
activity).

In the preceding excerpt, PT24 understood mathematical concepts such as the
characteristics of curves, increase, decrease, and concavity of function graphs etc. in
the context of a modeling activity. He also made a decision on how to use the modeling

activity when he became an in-service mathematics teacher
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In summary, as it is seen from exemplary evidence collected from the some of the
prospective teachers’ experiences, prospective teachers realized the significance of
mathematical modeling and modeling activities throughout the implementation period.
Most of them suggested that modeling activities were very useful tools for teaching
and learning mathematics. As a result, they believe that they provide meaningful

mathematics teaching and learning in the classroom environment.

4.3.1 Prospective Teachers’ Thinking about the Advantages and Disadvantages

of Using Mathematical Modeling Activities

Throughout the implementation period, it was reported that prospective
teachers developed positive conceptions and beliefs about using mathematical
modeling activities in the classroom setting. Most of the prospective teachers stated
that they wanted to use modeling activities in their classrooms when they became in-
service mathematics teachers. They mentioned the advantages and disadvantages of
using modeling activities in the classroom environment.

In the analysis, teachers’ responses to the question “What can be the advantages
and disadvantages of using modeling activities in mathematics lesson?” in the post-
survey form, reflection papers written after each modeling activity, individual semi-
structured interviews were taken into account. The findings demonstrated that the
advantages of using modeling activities were motivating students, maintaining the
persistency of learning, meaningful learning, including more than one mathematical
subject and concept, allowing learning with group work, facilitating learning
mathematics expressed frequently by the most of the prospective teachers. Prospective
teachers stated the similar advantages of using modeling activities throughout the
implementation of modeling activities and modeling course load. For example, after
the implementation of the second modeling activity the Ferris Wheel, PT17 wrote in
the reflection paper as follows:

After solving this activity, | discovered how to use trigonometric attainments that | acquired during
my education in daily life. In other words, | realized that these attainments were not only for being
successful in exams but also for making our life easier. Because like many students, | was also
curious about the use or benefit of this subject in daily life during learning process of trigonometry
subject. This activity was one that | would use to answer one of my curious students when I could

become a teacher. Therefore, this question (activity) was quite useful (PT17, reflection paper for
the Ferris Wheel activity).

In the preceding excerpt, PT17 mentioned daily life applications of modeling

activities. She discussed how these activities could motivate students to facilitate
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meaningful learning of mathematics based on her previous high school experience.
She also indicated that modeling activities could be the answer for students who
wondered how mathematics was used in real life.
Similar to views of PT17, PT14 pointed out the daily life applications of
modeling activities. In the interview after the same activity, she said:
Yes, | think that | learn many things here every week for example about which trigonometric
function | should use. Namely, | know what trigonometric function is but this place helps me to

learn how and where | should implement this function and it is really useful and good in terms of
seeing and exploring (PT14, interview for the Ferris Wheel activity).

In the above excerpt, she indicated that she thought that she learned many things from
the modeling course every week. She stressed the importance of modeling activities
such that these activities enabled them to combine theoretical and practical knowledge
of any subject matter. This situation was also described as a meaningful mathematics
learning experience.

Another advantage of using modeling activities expressed by prospective
teachers was that modeling activities help motivate students in learning mathematical
subjects and concepts. PT2 illustrated this situation in the following quote: “I would
think that if the students saw math and geometry were used in daily life, especially
maybe in the most enjoyable part of the life in terms of children, their interest in math
would enhance”. She pointed out that students would be motivated and more interested
in mathematics if they observed that mathematics and geometry were used in real life
situations.

Prospective teachers stressed that modeling activities allow students to work in
groups and hereby students learned from each other. For instance, after the
implementation of the last modeling activity (the Water Tank), PT9 stated in her
reflection paper group work was one of the advantages of modeling activities.

I think that this question is suitable for group solution and it is open-ended and a question to be
discussed. | think that discussion on this question can be useful for the students. This is a question
that can help the students to think and make sense of the concepts like increase with decreasing

rate or increase with increasing rate that are mostly confused by students (PT9, reflection paper
for the Water Tank activity).

According to above except, she declared that since the modeling activity was open-
ended, it was suitable for group work and discussion. She thought that the modeling
activity would be beneficial for students because it required students to think about

concepts that they often found confusing.
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Furthermore, including more than one mathematical subject and concept was
seen as one of the advantages of modeling activities by prospective teachers. For
example, PT8 emphasized this situation in the post-survey form as follows: “A
convenience can be provided to reinforce a few subjects in a single question or in order
to determine in which subjects the students have insufficiency; instead of examining
all the subjects one by one, a modeling question that includes a lot of subjects will help
us”. It is clear from the quote that including more than one subject in the same
modeling activity might be helpful for enforcing the subject matter and finding
students’ deficiencies in these subject matters.

On the other hand, prospective teachers asserted that using mathematical
modeling activities took a lot of time which caused them to fall behind in their lesson
plan. They also stated that implementing modeling activities was difficult in the
crowded classrooms. For example, PT8 stressed that using modeling activities took
much time and that might cause some problems related to schedule and other issues.
She wrote in the post-survey form at the end of the course as follows:

Difficulties could be experienced in terms of time. Because teachers have problems like
completing the curriculum in time. The students may not want to do this activity or even if this

activity is implemented in a crowded class, there can be problems in terms of evaluation and
feedback (PT8, post-survey form for difficulties of using mathematical modeling).

In the preceding quote, she expressed that modeling actives generally took more time
with respect to other activities and that might result in teachers not being able to keep
up with the class schedule. She also indicated that using modeling activities in crowded
classrooms might not be effective for students in terms of not being able to give enough
feedback and assessment.

Another prospective teacher PT5 discussed the same issue in the interview held
after the implementation of the Street Parking activity. PT5 stated her thinking about
disadvantage of taking much time in the following episode.

PT5: Only time can be a problem if | implement the activity in high school. The allocated time for
a lesson in high schools is about 40 minutes. Students could be bored with the modeling

activity or they could be uninterested in these activities. Other than these possibilities, there
could be no problem about the implementation of these activities in high school classrooms.

Interviewer: Namely, do you think it can be applicable at the high schools?
PT5: I think it can be applicable, but there is an extensive time allocation for that. Now we spend
four hours for these activities [making attribution to their own course]. We cannot allocate

four hours in high schools; they might not complete their works in two hours. Perhaps they
could complete their works, but they have no more time to present their works.
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In the preceding episode, PT5 discussed possible negative scenarios that could occur
if the modeling activities took too much time and compared their modeling course
experience with the possible use of modeling activities in a high school classroom. She
said that students could get bored due to the long implementation time and teachers
could not devote much time for modeling activities like those that the current modeling
course used.

To sum up, prospective teachers mentioned the advantages and disadvantages
of using modeling activities in a classroom setting. The ideas regarding the advantages
and disadvantages of using modeling activities were displayed in the following table
(see Table 20).

Table 20 Views of groups on advantages and disadvantages of using modeling

activities

Groups Advantages Disadvantages

Group 1 Providing motivation Choosing relevant activity
Maintaining persistency about grasped Difficulty in ensuring compliance
knowledge with level of students
Higher cognitive gains Difficulties in implementing in the

crowded classrooms

Group 2 Maintaining persistency about grasped Taking time
knowledge Causing to fail to keep to course
Being effective in challenging subject schedule
matters
Embodying mathematics

Group 3 Meaningful learning Taking time
Providing motivation Facing with operational errors
Daily life applications Possibility in having lower group
Using previous knowledge levels
Providing learning with group work
Making students gain different
perspectives

Group 4 Usability for measurement and Taking time
evaluation Causing to fail to keep to course
Thinking mathematically schedule
Maintaining persistency about grasped
knowledge
Including more than one subject and
concept

Group 5 Including more than one subject and Taking time
concept Difficulties in implementing in the
Maintaining persistency about grasped crowded classrooms
knowledge Incomprehensibility of the activity
Usability for measurement and
evaluation
Being effective in challenging subject
matters
Providing learning with group work
Daily life applications

Group 6 Maintaining persistency about grasped Difficulty in finding and choosing

knowledge
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Table 20 (continued)

Groups Advantages Disadvantages
Providing motivation Taking time
Providing learning with group work Having students lack of subjects
Facilitating learning

Group 7 Maintaining persistency about grasped Inconvenience for frequently use
knowledge Causing to fail to keep to course
Providing motivation schedule
Embodying mathematics Failing to meet responsibilities for
Facilitating learning teachers

According to preceding table (see Table 20), most of the groups indicated that
providing motivation, maintaining persistency about grasped knowledge, daily life
applications, allowing to group working were commonly identified as the advantages
of using modeling activities in classrooms. Other expressed advantages were providing
higher order cognitive gains, being effective in challenging subject matters,
meaningful learning, making students gain different perspectives, and facilitating
learning. Conversely, taking much time and causing to fail to keep to course schedule
most frequently were expressed as disadvantages of using modeling. Some of the other
mentioned advantages of using modeling in classroom were difficulty in finding and
choosing suitable activity, difficulties in implementing in the crowded classrooms,
difficulty in ensuring compliance with level of students, facing with operational errors,

incomprehensibility of the activity, and inconvenience for frequently use.
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CHAPTER 5

DISCUSSION, CONCLUSION, AND IMPLICATIONS

In this study, it is aimed to investigate prospective secondary mathematics
teachers’ thinking about knowledge about mathematical modeling and knowledge
about the pedagogical issues with regard to the usage of mathematical modeling in the
classroom setting throughout the implementation of the designed course. In this
chapter, first, the findings related to pre-service teachers’ existing conceptions about
mathematical modeling and the nature of modeling activities with regard to the use of
mathematical modeling in teaching were discussed by comparing with the current
body of literature. Eventually, developments in pre-service mathematics teachers’
conceptions about knowledge about the mathematical modeling and the pedagogical
issues with regard to the use of modeling in classrooms were discussed. It is followed

by the conclusions drawn, implications, limitations, and suggestions for future studies.

5.1 Developing Prospective Teachers’ Conceptions of Mathematical Modeling
and the Nature of Mathematical Modeling Activities

The results showed that prospective secondary mathematics teachers had very
little knowledge about mathematical modeling and the nature of mathematical
modeling activities at the beginning of the course. Prior to the course, almost all of
them shared the conception that mathematical modeling is associated with the concrete
manipulatives and visualization of abstract mathematical concepts. It can be stated that
the knowledge of pre-service teachers enrolled in the current study about mathematical
modeling was quite limited at the beginning. The same findings were expressed in
several studies conducted in different countries (Abramovich, 2010; Borromeo Ferri
& Blum, 2009; MaaP} & Gurlitt, 2011, Gould, 2013). For example, in the study of
Abramovich (2010), most of the teachers believed that mathematical modeling
involves concrete materials and manipulatives. In another research carried out by

Borromeo Ferri and Blum (2009), it was demonstrated that pre-service teachers had
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very little knowledge about mathematical modeling. Similarly, in the study of Gould
(2013), it was found that secondary mathematics teachers possess misconceptions
about mathematical modeling such as believing that mathematical models are concrete
materials, types of representations including graphs, scaled maps, or formula. The
results of the current study imply that pre-service and in-service teachers have very
limited knowledge about mathematical modeling. This may stem from the lack of
courses on mathematical modeling in the teacher education programs (Lingefjérd,
2007). Although mathematical modeling has been widely underlined in school
mathematics curricula, it has been also indicated that the sources and materials about
mathematical modeling that can be used in the classrooms are not adequate (Blum &
Niss, 1991; Burkhardt, 2006; Kaiser & Maa, 2007; Ikeda, 2007). The inadequacy of
sources and materials that can be used in the classrooms by teachers or that can be
used in teacher education programs have also been emphasized for our country (Erbas
et al., in press; Tirker et al., 2010). Most of the pre-service and in-service teachers in
Turkey are not aware of what mathematical modeling is, and they do not have any
experience of solving modeling activities (Kayhan-Altay et al., 2014; Kertil, 2008).

Eventually, almost all of the prospective secondary mathematics teachers’
conceptions about mathematical modeling evolved from “using concrete
manipulatives and visualization” to “relating mathematics to real life situations”.
Additionally, pre-service teachers’ conceptions about mathematical modeling
deepened and they provided more comprehensive descriptions about mathematical
modeling. For instance, prospective teachers started to indicate the relationship
between mathematics and real life in the subsequent phases of the course. They also
started to see mathematical modeling as a vehicle for teaching of mathematical topics
and concepts meaningfully. These results are consistent with some studies in the
literature (Chapman, 2007; Kuntze, 2011; Gould, 2013). For instance, Chapman
(2007) reported that in-service teachers underlined the importance of real world
association in mathematical modeling. In contrast to the findings of the current study
and the study of Chapman (2007), Gould (2013) indicated that teachers had a belief
that mathematical models and situations of mathematical modeling were unrealistic
scenarios rather than real life situations.

The analysis of the data showed that prospective secondary mathematics
teachers did not have adequate knowledge about mathematical modeling at the

beginning of the course. In the progress of the course, they developed important ideas
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about mathematical modeling. At the beginning of the study, almost all of the
prospective teachers described mathematical modeling as “using concrete
manipulatives and visualizations” and most of them expressed that they never faced
and solved mathematical modeling activities before taking this course. Nevertheless,
during the course, they displayed appreciable developments in general knowledge
about mathematical modeling. Prospective teachers emphasize that teachers need to
have a strong mathematical content knowledge (Grossman, 1990; Marks, 1990;
Shulman, 1986, 1987) in order to understand, assess, and give feedback to unexpected
ideas that come from students during solution process of mathematical modeling
activities. These ideas were verified by several researchers. For example, Doerr (2007)
found that prospective teachers have serious misconceptions and drawbacks about
mathematical content knowledge and stated that prospective teachers showed progress
in improving their misconceptions and deficiencies about mathematical content
knowledge by passing through mathematical modeling processes.

The findings of this study showed that prospective teachers indicated the
significance of the knowledge about the nature of mathematical modeling activities for
teachers who want to use those activities in their classrooms. Prospective teachers
explained the importance of knowledge about the nature of modeling activities in a
way that it is not possible to attain the general pedagogical goals if these activities
were implemented like traditional word problems. In other words, the use of
mathematical modeling in a classroom setting is strictly different from solving
traditional word problems and prospective teachers underlined that teachers ought to
use these activities without guiding students explicitly and giving the correct answer
directly. Lesh and Doerr (2003a) stated that mathematical modeling had emerged as
an alternative perspective to traditional teaching approaches with putting emphasis on
the association between mathematics and real life (Haines & Coruch, 2007). The
findings of the current study demonstrated that teachers’ suggestions for having strong
knowledge about mathematical content knowledge in order to use mathematical
modeling in classroom which also has been voiced by Blum and others (2002). These
findings also in line with previous studies (Blum & Niss, 1991; Doerr, 2007; Lesh &
Lehrer, 2003).

The findings also revealed that prospective teachers developed significant ideas
about the nature of mathematical modeling activities in the process. Prospective

teachers identified the general characterisitics of mathematical modeling activities
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intuitively throughout the implementation of modeling activities. For instance, almost
all of the prospective teachers expressed the idea that mathematical modeling activities
involve authentic real situations which is the common characteristic indicated by
different researchers (e.g., Crouch & Haines, 2004; Lesh et al., 2000). Prospective
teachers indicated that mathematical modeling activities ought to make feel the
students for a need for solution to understanding of a mathematical concept. Therefore,
they expressed that modeling activities should attract students’ attention to the need
for a solution or model so that they construct a structure as a solution or model for
them that is the property indicated by Lesh et al. (2002) as the “model construction”
principle. Other than these aforementioned properties underlined by prospective
teachers, they indicated the followings as the general properties of modeling activities:
open-ended, including more than one mathematical concept, having diverse solution
methods and the cyclic structure of solution processes, and being generalizable and
prototype. The properties for modeling activities expressed by prospective teachers
were similar to the principles determined by Lesh et al. (2000) for developing model-
eliciting activities. According to Lesh and his collegues (2000), a good model-eliciting
activity should carry out the properties and principles that are the model construction
principle, the reality principle, the self-assessment principle, the construct
documentation principle, the sharebility and reusability principle, and the effective
prototype principle. In the current study pre-service teachers mentioned about almost
all of these principles with different terminologies. For example, the ideas coded as
“reality” in modeling activities described by prospective teachers correspond to the
reality principle. Prospective teachers also suggested that modeling activities should
make students feel that there is a need for a solution or model which is the idea
consistent with the model construction principle. These findings demonstrated that
implemented modeling activities and classroom discussions throughout the course
enabled prospective teachers to develop fundamental ideas about the nature of
mathematical modeling activities. It can be argued from the findings that prospective
teacher reached to the basic ideas commonly expressed in the literature about
mathematical modeling and its usage in the teaching process. Living the experience of
solving modeling activities for pre-service teachers as if they were students is critical
here. They not only were provided with theoretical explanations, but also developed
their ideas about mathematical modeling in practice. As indicated by many researchers
(e.g., Doerr & Lesh, 2003; Schorr & Lesh, 2003), pre-service teachers should be
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provided learning environments in which they can learn by doing and applying various
modeling activities in order to foster their knowledge about mathematical modeling
and its usage in the teaching of mathematics.

Prospective teachers indicated that knowledge about the nature of
mathematical modeling activities is important for teachers who want to implement
these activities in their classrooms. As a reason for this, they noted that the use of
mathematical modeling activities should not be handled as if they were traditional
word problems. In other words, when modeling activities were implemented as if they
were classical word problem solving activities, prospective teachers pointed that the
benefits expected from modeling activities such as feeling a need for a concept and
giving opportunity to form the concept intuitively could not be actualized. At this
point, prospective teachers expressed that if teachers had the knowledge about the
nature of mathematical modeling activities, this would let them have the knowledge
about distinctions between using mathematical modeling activities and the application
of traditional word problems. These findings were consistent with the previous studies
that mathematical modeling activities have been seen as an opportunity for
professional development of teachers (Doerr & Lesh, 2003; Koellner-Clark & Lesh,
2003; Schorr & Lesh, 2003).

In addition, prospective teachers developed ideas about distinctions of
mathematical modeling activities from traditional word problems. They indicated
ideas about the modeling activities such as unclearness of solution process, including
more than one mathematical concept, having multiple ways of solutions, being suitable
for group works, involving a real life situation, and taking more time. These findings
indicate that prospective teachers developed ideas about the nature of mathematical
modeling activities. The related literature indicate similar differences between
modeling activities and traditional word problems (e.g. Kayhan-Altay et al., 2014;
Lesh & Doerr, 2003a; Lesh & Zawojewski, 2007; Tiirker et al., 2010; Verschaffel et
al., 2002; Zawojewski & Lesh, 2003). For instance, Kayhan-Altay and others (2014)
and Tirker and her collegues (2010) found that prospective teachers indicated that
MEAs did not resemble traditional word problems because they required students to
think more. Lesh and Doerr (2003) indicated that students were needed to be
challenged with complicated problems throughout the teaching process. Additionally,
the same researchers expressed that traditional word problems were far from satisfying

that need. It was declared that the nature of mathematical modeling activities, which
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were far from artificiality, are more complicated and authentic, and these activities
ought to be used in the teaching process. As pointed out by Lesh and Doerr (2003),
prospective teachers also stated this property of modeling activities as having multiple

solutions and unclearness of the solution process.

5.2 Developing Prospective Teachers’ Conceptions of Pedagogy of Modeling

In this section, the results related to development of prospective teachers’
conceptions about pedagogy of modeling were discussed in the light of previous
research. The results were examined according to what kind of qualifications and
knowledge teachers need to have in order to conduct modeling activities effectively in
the classroom settings.

The data of the current study showed that, before the implementation of the
course, prospective teachers did not have any conception about the use of
mathematical modeling in teaching mathematics. In the progress of the course, it was
observed that prospective teachers gradually developed important ideas about the use
of mathematical modeling in the classroom setting as they experienced different
mathematical modeling activities. The results suggested that majority of prospective
teachers developed positive views about the use of mathematical modeling and they
expressed that they would like to use mathematical modeling in the teaching of
mathematics when they become in-service teachers. According to Pehkonen and
Torner (1996), teachers’ conceptions about teaching and learning of mathematics
influence their practice. This implies that developing positive ideas about the use of
mathematical modeling in the classroom setting can be interpreted as an important
advancement for the prospective teachers. Several researchers reported similar
findings about the views of teachers about the use of mathematical modeling in the
teaching and learning of mathematics (Blomhgj & Kjeldsen, 2006; Burkhardt, 2006;
Eraslan, 2011; Kaiser & Schwarz, 2006; Kaiser & Maap}, 2007; Kuntze et al., 2013;
Maap & Gurlitt, 2009, 2011; Siller et al., 2011; Yu & Chang, 2011). For instance, in
the study of Yu and Chang (2011), participants expressed their positive perceptions
about using mathematical modeling activities in the classroom and planning and
carrying out these activities after the implementation. Kuntze and his collegues (2013)
showed that both pre-service and in-service teachers had negative perceptions about
their modeling-specific PCK. Maaf3 and Gurlitt (2009) showed that teachers have very
little knowledge about mathematical modeling, especially about modeling cycles, at
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the very beginning of their study, as a part of a much larger study, i.e. LEMA project.
They reported that teachers developed positive beliefs about mathematical modeling
in the period of their research.

The results of the current study demonstrated that prospective teachers also
developed conceptions about the issues of why to use, where to use, how to use, and
when to use mathematical modeling activities in the classroom setting. The
conceptions indicated by pre-service teachers showed some differences from person
to person. It was obviously observed that prospective teachers formed broad and
profound views on the use of mathematical modeling in classroom. Besides these
findings are parallel to previous studies (e.g., Garcia et al., 2010), for example, some
participants indicated their preferences for using mathematical modeling at the
beginning of the lesson in order to attract students’ attention to the topic. On the other
hand, some of the prospective teachers told that they wanted to use these activities
after the lesson aiming at assessing and measuring students’ levels of understanding.
The timing of using modeling activities in the classroom setting with the related goals
was emphasized by Lesh and others (2007). According to Lesh and his friends, using
mathematical modeling activities in the beginning of the topic or beginning the topic
with these activities provides students an opportunity to construct their own
understanding of the mathematical concepts. When modeling activities are used at the
end of the topic, it serves the goal of applying already taught concepts in the topic
(Haines & Crouch, 2007; Lesh et al., 2007). In the current study, pre-service teachers
also indicated similar ideas about the timing of modeling activities. The results of
current study are in line with Lesh and others’ (2007) explanations and theoretical
expressions and others (Yoon et al., 2010). Moreover, prospective teachers expressed
their opinions on using mathematical modeling as supporting meaningful mathematics
teaching, observing students’ thinking processes, assessing students’ performance,
reinforcing mathematical concepts, and relating mathematical concepts with real life.
These ideas were labeled as cognitive goals of using mathematical modeling and these
ideas were frequently declared by several researchers about the requirements of using
mathematical modeling in the teaching process within the fundamental arguments in
the literature (Doerr & Lesh, 2011; Lesh & Harel, 2003; Lesh & Lehrer, 2003).

Although many prospective teachers expressed their positive considerations
and conceptions about the use of mathematical modeling activities when they become

in-service, they mentioned about difficulties in using mathematical modeling in the
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teaching and learning of mathematics. Some of the difficulties indicated by pre-service
teachers were using mathematical modeling activities takes much time; having
difficulties in managing the group works in crowded classrooms; and causing not to
get the current school mathematics curriculum done in time for teachers. The
difficulties of using modeling activities in the teaching indicated by prospective
teachers in the current study were also observed in the previous studies (Blomhej &
Kjeldsen, 2006; Blum & Niss, 1991; Burkhardt, 2006; Gould, 2013; Kayhan-Altay et
al., 2014; Schmidt, 2011; Yu & Chang, 2011). For instance, Burkhardt (2006)
mentioned that several obstacles, some of which were in common with the findings of
the current study, might deter teachers from using mathematical modeling activities in
their classrooms. Blum and Niss (1991) also discussed the fundamental difficulties in
using mathematical modeling in the classroom settings such as not feeling comfortable
with mathematical modeling activities, having not enough time for these activities due
to curriculum, and difficulties related to assessing students with modeling activities.
Kaiser and Maaf (2007) also demonstrated in their study that teachers’ beliefs emerged
as the main obstacles that discourage teachers from using mathematical modeling in
classroom settings. The results involving pre-service teachers’ ideas about the
difficulties of using mathematical modeling in the teaching process resonate with the
difficulties indicated by many studies (e.g., Blum & Niss, 1991; Kaiser & Maap,
2007). This shows that pre-service and in-service teachers share common perceptions
about the difficulties of using mathematical modeling in the classroom all around the

world.

5.2.1 The Importance of Pedagogical Knowledge of Modeling

Data analysis demonstrated that prospective teachers developed significant
ideas about the pedagogy of modeling throughout the implementation of modeling
course. It should be noted here that the teacher role demonstrated by the instructor
while implementing the modeling activities provided valuable knowledge for pre-
service teachers about the pedagogy of mathematical modeling. They frequently
supported their arguments by providing examples from the applications of the
instructor. Most of the prospective teachers indicated that the use of mathematical
modeling activities would be beneficial for students and for teachers and they
developed important ideas about changing roles of teachers in the process of

implementation of modeling activities. Prospective teachers emphasized that teachers
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were required to guide students with probing questions that examine students’ way of
thinking without giving the correct answer during the implementation of mathematical
modeling activities in the classroom setting. This finding of the study is highly
correlated with the study of Kuntze and others (2013) in terms of modeling-specific
PCK of teachers. Besides, prospective teachers expressed that teachers need to make
students realize their mistakes and provide students to understand the underlying
mathematical idea on their own via these probing questions. The results showed that
prospective teachers provided examples about the role of teacher during the
implementation of modeling activities from the classroom implementations of their
instructor of the course in order to support their ideas. This situation shows that
knowledge related to the pedagogy of modeling in pre-service teachers can be fostered
by directly applying the necessary knowledge in the courses and this might lead them
to gain the pedagogical knowledge by imitating from the instructor. This finding also
demonstrated that prospective teachers examined and appreciated the teacher role
played by the instructor while implementing the modeling activities. That is,
prospective teachers took the role of instructor of the implemented course as a model
for them. The point that prospective teachers underlined was indicated by several
researchers as one of the important qualifications that teachers should have (Antonius
et al., 2007; Barbosa, 2001; Doerr, 2006, 2007; Lingefjird & Meier, 2010). For
instance, Antonius and others (2007) put emphasis on the teachers’ guidance during
the modeling process in such a way that there is a need for asking strategic probing
questions. Doerr (2007) identified the four characteristics of pedagogical knowledge
about mathematical modeling for teachers as “(1) to be able to listen for anticipated
ambiguities, (2) to offer useful representations of student ideas, (3) to hear unexpected
approaches, and (4) to support students in making connections to other
representations” (p. 77). Additionally, prospective teachers mentioned that teachers
should know about the nature of mathematical modeling problems and have the ability
to select appropriate modeling activities according to the topic and by considering the
needs of students. Various researchers like Doerr (2007) expressed similar findings
that support the importance of modeling-specific PCK of teachers in the
implementation of modeling activities (Kuntze, 2011; Kuntze et al., 2013; Wake,
2011).

Prospective teachers’ thinking about the pedagogical knowledge of

mathematical modeling was coded according to their descriptions. The results
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suggested that prospective teachers offered several characterizations for teachers’
pedagogical knowledge of modeling. According to the prospective teachers, the
teachers who would use mathematical modeling should know where and how to
intervene the process of modeling. Teachers should provoke students to think by
asking leading and probing questions in order to find their own solution way or their
own mistakes if they did. Prospective teachers suggested that teachers should know
how to guide the students in the modeling process without directing to correct solution.
That is, teachers should be aware of their roles in the modeling process and try to be
in the guide position. Prospective teachers offered that teachers ought to have the
knowledge of students’ way of thinking so that teachers can easily detect the possible
mistakes made by the students and understand how students could think in different
situations. Lastly, prospective teachers recommended that teachers should use the
modeling activities for an intended aim such as getting students to comprehend any
mathematical concepts or reinforcing some mathematical concepts that were learned
previously.

The above characterizations that prospective teachers made were in line with
previous studies (Antonius et al., 2007; Aydogan-Yenmez, 2012; Burkhardt, 2006;
Doerr, 2007; Lingefjard & Meier, 2010; Stillman, 2010). These findings show that
prospective teachers developed fruitful ideas about what pedagogical knowledge of
modeling teachers need to have in order to carry out the modeling process effectively
and successfully. The findings also demonstrate that prospective teachers could
develop significant ideas about pedagogical knowledge of teachers related to modeling
if appropriate conditions are provided for them during their undergraduate education
which is in line with “intensified professional development in the domain of
modelling-specific PCK” is required at university level (Kuntze et al., 2013, p. 324).
In the light of the results of the current study, it can be argued that prospective teachers’
observations during the implementation period would be valuable for their future
implementations when they teach in-service courses including mathematical
modeling. Since prospective teachers came from high schools and they observed their
teachers many years in terms of “how to be a teacher” and brought mathematical
understandings with them to teacher education programs (Ball, 1990a, 1990b), it is
quite difficult to change their core beliefs about teaching of mathematics and adapt
correspondingly new mathematics teaching methods. Nevertheless, participations of

prospective teachers in modeling courses and experiencing them can lead them to
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realize the importance of mathematical modeling more effectively. From the results, it
can be interpreted as almost all of the prospective teachers developed positive ideas
about the use of mathematical modeling and how a teacher should behave during the
modeling process by participating the modeling activities actively and experiencing
the all phases of modeling process. These ideas were voiced by several researchers
many times in their studies (Doerr & Lesh, 2003; Doerr & Lesh, 2011; Lesh & Lehrer,
2003).

5.2.2 The Importance of Classroom Management and Group Work during

Modeling Process

The results obtained from the analysis showed that prospective teachers
developed ideas about the characteristics of the teachers who wanted to use modeling
activities and recommended various suggestions for teachers to conduct modeling
activities effectively and successfully. Most of the prospective teachers indicated that
they would choose group work as a method for implementation of their designed plan.
It was observed that almost all of the prospective teachers who declared to use group
work moved in their implementation experience in the same way. In order to carry out
the modeling process effectively and successfully, prospective teachers emphasized
that teachers ought to prepare a well-organized implementation plan and they should
obey the plan during the implementation. The findings showed that prospective
teachers prepared implementation plans before the application and tried to implement
their plans, but they expressed that they encountered difficulties when applying the
plan because they did not allocate enough time to parts of the process. This situation
shows that time arrangement emerges as an important issue in implementation of
mathematical modeling. Similar issues were noted in the studies of Burkhardt (2006)
and Doerr (2006). According to Burkhardt (2006), qualified teachers’ characteristics
for implementing mathematical modeling were illustrated as managing the discussions
emerged in the classroom while implementing the modeling activities by giving
support and help, allocating enough time for students to solve the problem situation,
encouraging them to use their own solution methods, guiding and giving support
students in strategic way such that they do not interfere students solution process. Like
Burkhardt’s (2006) point of views, Stillman (2010) described the conditions for tasks,
students, and teachers in order to carry out modeling activities effectively in classroom

settings.
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About classroom management during the modeling process, prospective
teachers underlined that teachers ought to be a good organizer as Lingefjird and Meier
(2010) expressed the same situation such that teachers were the manager of modeling
process. Prospective teachers asserted that the conditions emerged during the group
work sessions were not appropriate for traditional discipline approach, therefore
teachers could not get used to these conditions easily. The chaotic conditions
mentioned by prospective teachers supported the findings indicated in the related
literature that teachers had deficiency in managing classroom and felt this situation as
a threat (Blum & Niss, 1991; Burkhardt, 2006). Prospective teachers pointed out that
students engaged in the mathematical modeling activities actively so that teachers
could feel this situation more complicated in comparison to traditional teaching
methods. Lesh and Doerr (2003) underlined this finding that students participated
mathematical modeling process actively compared to traditional teaching methods in
which teachers played transmitter role in teaching and students were receivers.
Prospective teachers indicated that they learned from each other via active
participation of modeling process.

Throughout the implementation process of modeling course, prospective
teachers developed significant ideas about the classroom management during the
mathematical modeling activities such as trying to understand the ways of students
thinking by walking around the groups in the classroom, guiding students by asking
appropriate questions, and managing classroom and classroom activities nicely during
the group work. These findings were supported by several studies in relation with the
role of teachers in mathematical modeling process and classroom management (e.g.,
Blum & Leif3, 2007; Doerr, 2007; Doerr & Lesh, 2003; Lingefjard & Meier, 2010;
Schorr & Lesh, 2003). From this perspective, the implemented mathematical modeling
course enabled prospective teachers to develop fundamental ideas about how to
manage classroom during the modeling process.

At the end of this study, prospective teachers formed a view about how
mathematical modeling activities should be implemented in the classroom with
students. Most of them stated that they prefer getting students collaborate and work in
groups when they implement mathematical modeling activities in the classroom (see
section 4.2.2.3, Table 18). The necessity of idea that mathematical modeling activities
should be implemented in the form of group work by prospective teachers as a result

of efficiency of their group work sessions and from the emphasis on the fact that they
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learned a lot from each other in the process. Similarly, many researchers in the related
literature underlined that mathematical modeling activities ought to be implemented
as group work (Aydogan-Yenmez, 2012; Borromeo Ferri & Blum, 2009; Ikeda &
Stephens, 2001; Maafl & Gurlitt, 2011; Zawojewski et al., 2003). Prospective teachers
commented that there were several points before establishing the groups and the
number of members in each group ought to be between three and five based on
classroom conditions. This situation can be interpreted as prospective teachers could
be influenced from their course instructor’s applications in forming groups and they
extended their ideas about the number of members in each group by adding classroom

conditions such as the number of students in the classroom.

5.2.3 The Role of Microteaching Experiences in Modeling Courses for

Prospective Teachers

When the prospective teachers’ views about their implementation experience
in the classroom were considered, they indicated that they had a chance to carry out a
mathematical modeling activity such that they experienced possible difficulties and
problems during the implementation experience. The results showed that this
implementation experience provided prospective teachers to have an experience even
if it was slight. As a common problem emerged in several countries, many researchers
indicated the fact that teachers hesitated to and even preferred not to use mathematical
modeling and modeling activities (Blum & Niss, 1991; Maa & Gurlitt, 2011; Niss et
al., 2007). One of the major reasons would be not providing teachers with a chance to
have experience of usage of mathematical modeling activities in the classroom
environment when they were prospective teachers at teacher preparation programs
(Kuntze et al., 2013). However, when it was looked through the existing studies about
designing and developing mathematical modeling courses and contents of these
courses, it was acknowledged that there existed no implementation experiences about
the use of mathematical modeling activities for prospective teachers. Making
prospective teachers have experience at implementation of mathematical modeling in
their classrooms was emphasized by researchers like Niss and others (2007) and
Blomhgj and Kjeldsen (2006).

As indicated in the paragraph above, the emphases on the notion that
prospective teachers need to have experience of using mathematical modeling

activities in the classrooms had taken into consideration during formation of
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implemented mathematical modeling course within the larger project and in the current
research involved in that project. These implementation experiences made prospective
teachers gain valuable ideas about possible problems and conditions while applying
these activities in the classroom. Prospective teachers stated that there had to be more
implementation experiences in order for them conceptualize knowledge about the use
of mathematical modeling and acquiring the knowledge as skills. Nevertheless, the
results of the current study showed that this research could be one of the primary efforts
that involve microteaching for making prospective teachers gain experience about the
use of mathematical modeling activities in classroom settings stressed by several
researchers (Blum, 2002; Doerr, 2006, 2007; Kuntze et al., 2013). Prospective teachers
declared that they had an opportunity to learn how to conduct a modeling activity in a
classroom by doing via implementation experience. From this perspective,
implementation experience matters for prospective teachers in developing, designing
and carrying out a mathematical modeling by themselves and this provides an
opportunity to prepare themselves when they become in-service. Besides,
implementation experience help prospective teachers conceptualize the role of the

teacher and classroom management during the modeling process.

5.2.4 The Role of the Course on Developing Teacher Conceptions’ about

Mathematical Modeling

In this study, almost all of the prospective teachers indicated that mathematical
modeling course was important for them and they developed significant ideas about
the connections between mathematics and real life in general. A recent study carried
out by Kuntze and others (2013) showed the importance of the focus of the current
study. According to Kuntze and his friends (2013), “intensified professional
development in the domain of modelling-specific PCK appears to be needed, both in
initial teacher education at the university level ..., even in the case of existing
modelling courses at universities” (p. 324). In the study of Verschaffel and others
(1997), it was found that students could not make connections between reality and
mathematics. The results of the current study demonstrated that implemented
mathematical course changed prospective teachers’ conceptions about teaching of
mathematics. That is, prospective teachers thought that teaching of mathematics via
modeling enables students to relate mathematics with real life rather than thinking of

mathematics as abstract. Barbosa (2001) found similar results in her study and
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indicated that the participants of the study stated their satisfaction with the course
concerning with its content and relating mathematics with real life. However, although
there has been some efforts to design and implement mathematical modeling course in
the related literature (e.g., Blomhgj & Kjeldsen, 2006; Borromeo Ferri & Blum, 2009;
Kaiser & Schwarz, 2006; MaaBl & Gurlitt, 2009; Lingefjard, 2006), the designed
courses on mathematical modeling showed differences with respect to aim, content,
and target population (for prospective or inservice teachers). While some of these
studies aimed to develop prospective teachers’ modeling competencies in order to
teach mathematical modeling in schools (e.g., Borromeo Ferri & Blum, 2009; Maalf}
& Gurlitt, 2009), some of them intended to design professional development course
on mathematical course in order for advancing prospective teachers’ understanding of
mathematics in regard to mathematics (Kaiser & Schwarz, 2006). The content of the
modeling course developed and implemented within the large project and current study
as a part of this large project involves both similar and distinct components compared
to the designed courses in previous modeling courses. Similar components are
involving modeling tasks, using technology during modeling process, and group
working. Apart from previous designed modeling courses, the implemented modeling
course within the current study involves components such as analyzing studies of
students’ ways of thinking, developing and implementing modeling tasks that provide
prospective teachers gain experience about the implementation of modeling activities
in classroom. Prospective teachers indicated their impressions about the
implementation experience. In implementation experience, prospective teachers faced
with unexpected ways of solution and tried to understand these solutions. Moreover,
prospective teachers had difficulties during the implementation stemming from their
own developed activities.

Since prospective teachers developed positive conceptions about the
“Mathematical Modeling for Prospective Teachers” course, the issue of offered
courses in elementary and secondary mathematics teacher education should be
discussed in order to revise the current situation. When it is looked through
mathematics teacher education programs and their curricula in Turkey, it can be
observed that there have been separate curricula framework for prospective elementary
and secondary mathematics teachers that include compulsory and elective courses and
these curricula were determined by the Turkish Higher Education Council (YOK) until

Fall semester of 2014-2015 academic year. The curricula of mathematics teacher
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education programs were similar to the programs in European countries (Binbasioglu,
1995; cited in Cakiroglu & Cakiroglu, 2003). There has been a debate about the types
and relevancy of courses offered in these programs and this issue appeared as the
problems of teacher preparation programs in Turkey (Cakiroglu & Cakiroglu, 2003).
According to several researchers, there existed inconsistencies between the courses
that prospective teachers took in the undergraduate level and the implementations they
encountered in the real classrooms (Bulut, Demircioglu, & Yildirim, 1995; cited in
Cakiroglu & Cakiroglu, 2003). Furthermore, it is indicated that there exist a deficiency
in collaboration and contact between the staff in faculty of education and in-service
teachers (Binbasioglu, 1995; cited in Cakiroglu & Cakiroglu, 2003). When it is looked
at the curriculum of mathematics teacher education programs, there are very limited
numbers of practice courses that prospective teachers gain experience of teaching in
elementary or secondary schools. Although collaboration between faculty of education
and schools of MEB still continues, the effectiveness of the courses that require
prospective teachers to practice in schools is being questioned due to various reasons
(YOK, 2007). Starting from this point, prospective teachers need to have more
experience about mathematical modeling in order to develop their knowledge and
skills related to pedagogy of modeling so that these experiences may influence their
instructional practices in a positive way. Educational authorities and policy makers
should take this point into consideration.

The findings of the current study showed that distinct components of the
designed and implemented modeling course focused on pedagogy of mathematical
modeling that was not much involved in previous modeling courses mentioned in the
literature. Therefore, the findings of the study is valuable for the further research on
the development of prospective teachers’ pedagogical knowledge of mathematical

modeling.

5.3 Conclusions

The results of the current study revealed that some of the findings of the study
are in line with previous research about the pre-service teacher education related to
mathematical modeling and the use of mathematical modeling activities in classroom
settings. Conceptual framework of the current study was MMP on teacher
development (Doerr & Lesh, 2003). This approach suggested a perspective for the
development of teachers (Doerr & Lesh, 2003; Doerr & Lesh, 2011; English, 2003;
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Lesh & Lehrer, 2003) that involves designing teaching and learning settings according
to MMP, implementation of mathematical modeling activities (e.g., MEAS) in
modeling process that is similar to student development. Nevertheless, apart from the
student development, teachers centered on “clarifying and or elaborating their own
ideas including mathematical content, pedagogy, and knowledge of student thinking”
(Koellner-Clark & Lesh, 2003, p. 165). This study filled some of the gaps in the
mathematical modeling literature dealing with designing and conducting a modeling
course for prospective teachers at undergraduate level and how implementation of
modeling course influence prospective teachers’ thinking about mathematical
modeling and its use in the teaching of mathematics in their future classrooms.
Although there were not adequate modeling courses in teacher preparation programs
(Lingefjéard, 2007), it was evident from the related literature that there existed many
research on designing and developing modeling courses for both prospective teachers
(Barbosa, 2001; Borromeo Ferri & Blum, 2009; Kaiser & Schwarz, 2006; Maal} &
Gurlitt, 2009) and in-sevice teachers (Blomhegj & Kjeldsen, 2006). Nevertheless,
teaching of mathematical modeling and improving modeling competencies of teachers
was in the foreground in these studies. As distinct from these studies, development of
prospective teachers’ pedagogical knowledge of mathematical modeling included in
the implemented modeling course within the current study as a part of much larger
project. The pedagogical side of mathematical modeling and prospective teachers’
thinking about that was the scope of this study.

This study presents how a designed and implemented mathematical modeling
course influences prospective teachers’ thinking about mathematical modeling and
knowledge about its pedagogical aspects for their future classroom applications and
what ideas prospective teachers developed throughout the implementation period. The
results of the current study shed light on the points that had been discussed by
mathematics education community about mathematical modeling and its use in the
teaching of mathematics, especially the change in prospective teachers’ thinking about
mathematical modeling and pedagogical knowledge of modeling after taking
mathematical modeling course. The overall conclusions for the results of the research
demonstrated that

e Prospective teachers’ conceptions about mathematical modeling changed

from “using concrete manipulatives” to “relating mathematics with real

live” that involved giving in-depth definitions of mathematical modeling.
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e Prospective teachers developed ideas about the mathematical modeling
and the nature of mathematical modeling activities about which they did

not have adequate knowledge before taking the course.

e Prospective teachers developed positive ideas about the use of
mathematical modeling activities in the classroom settings although they
did not have any idea or conception about it before they had not taken the

course.

e Prospective teachers developed significant ideas about the knowledge that
teachers need to have in order to carry out mathematical modeling
activities effectively and successfully in their future classrooms under the
themes content knowledge, knowledge about using mathematical

modeling, and knowledge of modeling and nature of modeling activities.

e Prospective teachers noted that they had an opportunity to learn the role of
teacher in mathematical modeling process with the implementation
experience and developed ideas about practice. They proposed suggestions
to teachers who want to use mathematical modeling activities in their

classrooms.

In conclusion, the implemented ‘“Mathematical Modeling for Prospective
Teachers” course enabled prospective secondary mathematics teachers to change their
thinking about mathematical modeling and the use of mathematical modeling in the
teaching of mathematics. The course implementation influenced prospective teachers’
thinking about the use of mathematical modeling activities in classrooms positively
and helped them develop significant ideas what teachers should know in order to
conduct a modeling activity in a classroom setting effectively and successfully.

The conclusions mentioned above demonstrated that a mathematical modeling
course for prospective teachers enable them to develop important ideas about
mathematical modeling, about its use in the teaching and learning of mathematics,
about what knowledge teachers need in order to carry out (Doerr, 2007) mathematical
modeling activities effectively and successfully before they work in-service, especially
pedagogy of modeling which were underlined by several authors (Antonius et al.,
2007; Blum, 2002; Doerr, 2006, 2007).
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5.4 Suggestions, Limitations, and Implications

In this part of the last chapter, suggestions for the audience of the current study
was provided. Limitations of the study and implications for the further research also

mentioned under this section.

5.4.1 Suggestions

Suggestions for teachers who want to use mathematical modeling

The findings obtained from the current study suggested that the developed and
implemented “Mathematical Modeling for Prospective Teachers” course could impact
upon prospective teachers’ thinking such that they developed significant ideas about
mathematical modeling and its use in the classroom environments. The findings of the
study suggested that teachers who want to use mathematical modeling should have
various kind of knowledge such as content knowledge, pedagogical knowledge of
modeling, knowledge of modeling, and knowledge of the nature of mathematical
modeling activities. In addition, the findings offer that teachers need to have some
qualifications for the implementation of mathematical modeling in their classrooms.
These are having knowledge about the students’ way of thinking by exploring and
understanding previous students’ works, having knowledge about classroom
management during the modeling process, and having implementation experience of
mathematical modeling activities. In order to use mathematical modeling
mathematical modeling in their classrooms effectively and successfully, suggestions
for teachers was illustrated according to findings of the current study as follows:

The teacher who will carry out mathematical modeling in his or her classroom

¢ should develop mathematical modeling according to six principles that were
proposed by Lesh and his collegues (2000) and/or select appropriate modeling
activity that was found on the grade level of the students according to aim,

place, and method of use.

e should design an implementation plan for determined modeling activity in

order to carry out the modeling process systematically and successfully,

e should solve the mathematical modeling activities that he wants to use in the
classroom before the implementing them and reveal all-possible solutions so
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that teachers decrease the chance of unexpected solutions and have a
confidence about the implementation.

e should be aware of distinct solutions by walking around the groups during the
implementation of modeling activities, by this way teachers give chances to the
groups to present distinct solutions in the presentation sessions.

e should make students discuss distinct solution methods of groups in terms of
the way of solution and conclude the implementation with general expressions
that summarize the all over the process.

Even though prospective teachers developed significant ideas about the use
mathematical modeling in the teaching of mathematics within the implemented course,
it is should be noted that prospective teachers need to put these ideas and knowledge
acquired from the course into practice in order to build them as skills. Therefore,
prospective teachers’ acquired theoretical knowledge and developed ideas can be put
into practice by accompanying with the undergraduate courses like “School
Experience” and “Teaching Experience”. In this way, prospective teachers can gain
more experience about the use of mathematical modeling in real classroom
environment and they had a chance to observe mathematical modeling process by
engaging in it with real high school students. Besides, this will provide more
contributions to prospective teachers’ knowledge about the use of mathematical
modeling in the teaching of mathematics and help them to internalize that knowledge

in order for using mathematical modeling in their future classrooms.
Suggestions for instructors who will carry out modeling course

Although instructors of mathematical modeling course were out of scope of this
study, the suggestions for the teachers are also valid for instructors of modeling course
in some respects with extra reserved requirements pertaining to the modeling course
rather than any mathematics course in high school level. Distinct from the suggestions
for teachers, instructors can follow content of the modeling course that was designed
and implemented within the much larger project supported by TUBITAK under the
grant number 110K250 which involved the current study as a part. The instructors who
want to carry out the modeling course should take the aims and objectives of the course

(see Table 5) as a whole and adhere to these aims and objectives. The role of the

242



instructor played during the implementation of the course is very significant for
prospective teachers because the prospective teachers take role of instructor as a model
for them for their future implementations. Therefore, instructors should be aware of

their role during the modeling course and try to do their best in this regards.

5.4.2 Limitations of the Study

This study investigated developments in prospective teachers’ thinking about
knowledge about mathematical modeling and pedagogical issues during the
implementation of a course. It should be indicated that mathematical modeling in the
context of the current study is a broad topic involving the technical competencies and
pedagogical issues. Because it is impossible to cover all these issues detailly in only
such a course, this can be accepted as the main limitation of the study. Most of the
prospective teachers who participated to the study heard about mathematical modeling
first time. Therefore, although the main aim of the course was pedagogical issues about
mathematical modeling an important portion of the course was devoted for the basic
technical issues. Prospective teachers should be taught about the basic issues of
mathematical modeling such as modeling processes and phases, modeling abilities,
and the nature of modeling tasks in previous courses. Then the courses focusing on
more specific issues as the pedagogical issues on mathematical modeling can be more
effective.

Secondly, the developments in prospective teachers’ thinking about knowledge
about mathematical modeling and its classroom implementation were mostly obtained
from their reflections and thoughts. This can be seen as another limitation of the study.
They lived the experience of implementing a modeling activitiy only one time for a
limited period in the course. Prospective teachers’ thinking about the pedagogical
issues were formed mostly what they observed from the practice of the instructor.
Therefore, prospective teachers’ practical knowledge about the pedagogical issues of
mathematical modeling should be considered in detail.

Lastly, although the relationship between mathematical modeling and
technology was emphasized and expressed as the use of technological tools during the
modeling process, the time that was allocated to introduce and teach the technological
tools used in the modeling process was not adequate. This might prevent students from
using technological tools effectively during the modeling processes. This can be

another limitation of the study.
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5.4.3 Implications for Further Research

There are several implications for future research in this study. After the
conclusions of this study, some questions appeared to be investigated in the further
studies. In this study, the change and development in prospective teachers’ thinking
about the knowledge about mathematical modeling and its use in the classroom setting
were examined. However, the answer for the questions “How do prospective teachers
acquire and develop knowledge about mathematical modeling and about its use in the
classroom?” and “How do prospective secondary mathematics teachers’ pedagogical
knowledge of mathematical modeling evolve throughout the implementation of
designed course?” is still scarce. Because this study investigated the development in
the prospective teachers’ thinking about mathematical modeling and pedagogical
knowledge of mathematical knowledge throughout a mathematical modeling course.
That is to say, the answers of the above questions are not covered within this study. In
order to mention about the development of prospective teachers’ knowledge about
mathematical modeling and its use in the classroom, there is a need for an extended
research that focus on knowledge base of prospective teachers and their works that
they show their knowledge on. These issues can attract other researchers’ attention for
further studies.

As it was mentioned in the section 5.4.1, even though prospective teachers
developed significant ideas and opinions about mathematical modeling and its use in
the classroom, prospective teachers did not have more chance to make their gains from
this course into practice in real classrooms. In the future studies, it can be investigated
that how prospective teachers implement modeling activities in real classrooms after
gaining theoretical knowledge about mathematical modeling and its use in the class.
Since several researchers emphasized the need for more research about the pedagogy
of mathematical modeling (e.g., Blum & Niss, 1991; Blum, 2002; Doerr, 2006, 2007),
future research can be on the investigation of prospective teachers’ knowledge about
the use of mathematical modeling in classroom environment accompanying with
teacher experience courses. In addition, there is also a need for a longitudinal research
in order to observe the relationship between prospective teachers’ acquired knowledge
from the modeling course and the knowledge they put into practice when they become

in-service teachers. The results of this research would reveal the fact that how much
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teachers internalize and make into practice the knowledge that they gain from the
modeling course and reflect in their school mathematics when they become in-service.
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APPENDIX A

MATHEMATICAL MODELING COURSE PLAN (PILOT STUDY)

Table 21 A plan of mathematical modeling course for pilot study

Hafta Tarih Konu ve Temalar Odev
1 | 29 Eylil 2011 Tamsma i
Dersin amaci, kapsamui ve siireci hakkinda
bilgilendirme
5 6 Ekim, 2011 “Y.a? i$.i.” baglikli etkinlik uygulamasi Etklnllk sonrasi
Mini atdlye galismasi: MS Excel diistince raporu
elektronik tablo yazilimi
Modelleme ve Teknoloji Kullanima:
ClassPad mini atolye ¢alismast
3 13 Ekim 2011 Modelleme sorulart ile ilgili 6n
degerlendirme ve modelleme sorularinin
dogasi lizerine tartigsma (yaz isi ve ii¢
modelleme etkinligi incelenecek)
4 | 20 Ekim 2011 “Dinme Dolap” baslikli etkinlik Etkinlik sonrast
diistince raporu
uygulamasi
5 | 27 Ekim, 2011 “Caddede Park Yeri” balikli etkinlik Etkinlik sonrast
diistince raporu
uygulamasi
“Caddede Park Yeri” baslikli etkinlik
6 3 Kasim 2011 baglaminda 6grenci diisiinme sekilleri
caligsmasi
Etkinlik sonrasi
! 17 Kasim 2011 “Su Deposu” baslikli etkinlik uygulamasi diigiince raporu
“Gelecek Yiizyilda Tiirkiye” baslikli
3 24 Kasim, etkinlik uygulamasi Etkinlik sonrasi
2011 “Gelecek Yiizyilda Tiirkiye” baslikli diigiince raporu
etkinlik baglaminda 6grenci diisiinme
sekilleri ¢aligmasi
“Acile Gelen Yiiksek Tansiyon Hastas1” Etkinlik sonras
9 1 Aralik 2011 baglikl1 etkinlik uygulamasi e
Modelleme etkinliklerinin dogas1 ve diisiince raporu
modelleme siireci ile ilgili sunum/tartisma
“ . L. Etkinlik sonrasi
10 8 Aralik 2011 Lunapark Treni” baslikli etkinlik diisiince raparu
uygulamasi
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Table 21 (continued)

Hafta Tarih Konu ve Temalar Odev
Etkinlik sonrasi
“Doga Yiirilyiisii Parkuru” baslikli diistince raporu
11 15 Aralik 2011 etkinlik uygulamasi
Modelleme siirecinde grup caligmasi Proje taslaklarinin
lizerine tartisma ve teorik sunum teslimi
Modelleme siirecinde 6gretmenin rolii ve
soru sorma sekilleri iizerine
12 22 Aralik 2011 sunum/tartigma
“Doénme Dolap” etkinligi igin lise
diizeyinde bir sinif Uygulamasi Planm
hazirlama
13 29 Aralik 2011 Gruplarca _ta_sarlanan modelleme
etkinliklerinin siif uygulamalari (mikro-
ogretim)
14 6 Ocak 2012 Gruplarca tasarlanan modelleme )
etkinliklerinin siif uygulamalari (mikro-
Ogretim)
Proje raporlarinin
teslimi
15 13 Ocak 2012 Genel Degerlendirme
(18 Ocak)
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APPENDIX B

MATHEMATICAL MODELING COURSE PLAN (ORIGINAL STUDY)

Table 22 A plan of mathematical modeling course for original study

Haftalar Tarih Konu Odev
10.02 Tanigsma
1 T Dersin amaci, kapsami ve siireci hakkinda -
2012 o
bilgilendirme
“Yaz Isi” baslikl etkinlik uygulamasi -
L . Etkinlik
2 17.02.2012 Mini atlye calismasi: MS Excel elektronik | . ik sonrast
iisiince raporu
tablo yazilimi
. » L Etkinlik sonrasi
3 24.02.2012 Doénme Dolap” baglikli etkinlik uygulamasi diisii
lisiince raporu
4 02.03.2012 Caddede Park Yeri” baghkli etkinlik EEklflhk sonrasi
uygulamasi diistince raporu
“Caddede Park Yeri” baglikl etkinlik
baglaminda Ogrenci diiginme sekilleri Ogrenci
iizerine tartisma diistinme
5 09.03.2012 Modelleme  sorular1 ile ilgili ©n sekilleri
degerlendirme degerlendirme
Modelleme sorularinin  dogas1 iizerine raporu
sunum/tartigma
le¥a‘yan Top ba$11k,l’1 'etk%nl?k' uygulamasi Etkinlik sonrasi
6 16.03.2012 “Etkili grup ¢alismas:” ile ilgili tartisma ve | ;. o
iisiince raporu
sunum
“Ziplayan Top” baslikl etkinlik baglaminda Ogrenci
6grenci diisiinme sekilleri ¢alismasi diistinme
7 23.03.2012 “Modelleme Ekinliklerinde ~Ogretmenin sekilleri
Rolii ve Soru Sorma/Y6nlendirme Sekilleri” | degerlendirme
iizerine sunum/tartisma raporu
8 30.03.2012 “Lunapark  Treni baglikli  etkinlik E'Ekl}’lllk sonrasi
uygulamasi diistince raporu
“Lunapark  Treni”  baghkli  etkinlik Ogrenci
baglaminda Ogrenci disiinme sekilleri diisiinme
9 06.04.2012 iizerine tartisma sekilleri
Modelleme  etkinliklerinin  dogasi ve | degerlendirme
modelleme siireci ile ilgili sunum/tartisma raporu
Etkinlik sonrasi
diigiince raporu
10 13.04.2012 “Su Deposu” baslikli etkinlik uygulamasi Proje
taslaklarmin
teslimi
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Table 22 (continued)

“Su Deposu” baslikh etkinlik baglaminda gigir;?;le
11 20.04.2012 ogrenci diisiinme sekilleri {izerine tartisma elsdlleri
o 1lz/lodTlleme etkinlikleri igin Uygulama Plani degserlen dirme
azirlama raporu
12 27 04.2012 GrL.JpI.arca‘ ‘ tasar.la.nan modelleme )
etkinliklerinin sinif-i¢i uygulamalari
13 04.05.2012 Gruplarca  tasarlanan modelleme )
etkinliklerinin sinif-i¢i uygulamalari
14 11.05.2012 Gruplarca  tasarlanan modelleme )
etkinliklerinin sinif-igi uygulamalari
Modelleme
etkinliklerinin ve
o . proje
15 18.05.2012 Genel Degerlendirme
raporlarinin
teslimi
(28 May1s)
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APPENDIX C

MATHEMATICAL MODELING ACTIVITIES

C.1 The Summer Job

Arzu gecen yaz Vahsi Doga eglence
parkinda yiyecek satis1 yapan bir firmanin
temsilcisi olarak calismaya baglamustir.
Arzu’ya bagl olarak ¢alisan elemanlar
seyyar  arabalarla  parkin  igerisinde
turlamakta ve sakiz, sandvig, cerez, su,

mesrubat vb. satmaktadirlar.

Geliri tatmin edici oldugu i¢in dnceki yaz ¢alisan elemanlarin tamami bu yaz da ¢alismak i¢in Arzu’ya
tekrar basvurdu. Fakat park yoneticileri Arzu’ya, bu yaz gecen yilki kadar ¢ok saticinin parka
alimamayacagini soylediler. Buna gore Arzu gecen yil calisan dokuz elemanin yalnizca tigte birini tam

zamanl ¢alismak iizere, ligte birini ise yar1 zamanli ¢alismak iizere ise alabilecektir. Kalan {igte birini
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ise ise alamayacaktir. Ancak, Arzu gegen yil ¢caligan bu dokuz elemandan hangilerini tekrar ise alacagina

karar verememekte ve bu konuda yardiminiza ihtiyag duymaktadir.

Arzu, gegen yaz calisan dokuz kisinin kayitlarint gozden gegirerek, parkin “cok yogun, orta yogunlukta
ve durgun” oldugu zamanlara gdre her bir satici igin toplam caligma saatlerini ve satislardan elde
ettikleri toplam geliri hesaplayarak asagidaki tabloyu olusturmustur. Arzu kendisine en ¢ok para
kazandiran elemanlar1 tekrar ise almak istemekte, ancak elemanlar1 performanslarina gore nasil
karsilagtiracagini bilememektedir. Ciinkii her bir eleman farkli siirelerde calismigtir. Ayrica, parkin

yogun oldugu saatlerde daha ¢ok satis yapmanin miimkiin oldugu gercegi de goz ardi edilmemelidir.

Gelecek yaz galismak iizere kimin ige alinmasi gerektigine karar vermek igin bir ydontem bulmaya
calisimiz. Bu cercevede, Arzu’ya gecen yaz kendisi i¢in calisan bu dokuz elemani nasil
degerlendirebilecegini ve hangilerini tam zamanli, hangilerini yar1 zamanli olarak ise alabilecegini
anlatan bir rapor yaziniz. Yonteminizin tabloda gosterilen dokuz kisi i¢in nasil isledigini gosteriniz.
Yonteminizi anlayabilmesi i¢in Arzu’ya yeterince ayrint1 vermelisiniz. Ayrica Arzu’nun ydnteminizin
onun i¢in iyi bir yontem olup olmadigina karar verebilmesi igin agiklamanizin anlasilir olmasina dikkat

ediniz.

Gecen Yaz Calisilan Saatler

HAZIRAN TEMMUZ AGUSTOS
Yodun |Ora Durgun  IYogun |Oa  [Durgun | Yodun |Orta Durgun
MELEK 125 15 o 10 4 175 125 35 3
KUBRA 55 0 Y 535 40 155 50 14 235
TULAY 12 U 145 0 25 25 195 205 M5
JALE 105 305 MO0 3l 14 Dl 195 36
CETIN 105 26 0 36 155 27 30 4 43
can 13 45 121 335 375 6.5 16 M 165
REMZI 65| 435 767 26 Il 45 58, 5.5
TERIN 15 16 B 16 455 51 15 4 &
VELI 0 3 451 38 175 39 37 n 12]
(Gecen Yaz Toplanan Para
HAZIRAN TEMMUZ AGUSTOS
vogun | Orta  |Durgun | Yodun| Ota  |Durgun | vojun [Orta  |Durgun

MELEK 090] 780  452] 699 75§  835) 8§ 1732 1462
KUBRA 474 874 406 4612| 2032 4771 45000 834 T2
TULAY 147 667 284 1380]  804]  450{ 1062]  806[ 491
JALE 1263] 1188 765 1584 1668 449 1822 1276 1358
CETIN 1264 1172 O 24770 681 48] 1923 1130 89
AN 115 278 5741 2072 2300] 231 132 1504 577
ReMzi | 2253] 1702 610 4470[ 993 Bl 0 nBY §7
TERIN 550 003|028 1206] 2360] 2610|615 2184 2518
VELL 0 125 64 30m 767 768|300 1253 253

As a part modeling task development stage of a project supported by TUBITAK (Grant no 110K250)
“The Summer Jobs” activity adapted from “Lesh, R., & Lehrer, R. (2000). Iterative refinement cycles
for videotape analyses of conceptual change. In A. E. Kelly, & R. A. Lesh (Eds.), Handbook of research
design in mathematics and science education (pp. 665-708). Mahwah, NJ: Lawrence Erlbaum
Associates, Publishers.”

Tag: Mathematical concepts under the MEA are mean, ratios, and proportions that take place in 9th
grade in the mathematics curricula published by Turkish Ministry of National Education (MEB, 2011a).
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C.2 The Ferris Wheel

Ingiltere’nin baskenti Londra’daki “London
Eye” ismiyle bilinen déonme dolap Londra’y1
kugbakisi izlemek isteyenler igin tavsiye
edilmektedir. 1999 yilinda insa edilen ve
diinyanin en biiyliik donme dolaplarindan birisi
olan yapi, yillik 4 milyon civarinda
ziyaret¢isiyle Londra’min  6nemli  turizm
kaynaklarindan biri haline gelmistir. 135 metre
yiiksekligindeki bu donme dolap her biri 25 kisi
kapasiteli, icinde insanlarin rahatca
dolagabilecegi  genislikte 32  kapsiilden
olugmaktadir. Donme dolabin bir diger 6zelligi
de hi¢ durmadan hareketine devam etmesidir.
Yani yolcu indirmek ya da bindirmek igin
durmayan dolap, insanlarin yer seviyesinde
kapsiillere rahatlikla inip binebilecegi kadar
yavas hareket etmektedir.

Londra’daki bu yapiy1 inceleyen ve miisteri potansiyelinden etkilenen bir yatirimci, benzer bir donme
dolab1 Istanbul’da Camlica tepesine yapmaya karar veriyor. Cap1 140 metre olmasi planlanan dénme
dolap, yerden yiiksekligi 4 metre olan bir platform iizerine kurulacaktir. Dénme dolap iizerine esit
araliklarla her biri 25 kisi kapasiteli 36 kapsiiliin yerlestirilmesi diisiiniilmektedir. Donme dolabin bir
tam turunu tamamlama siiresi 30 dakika olarak planlanmaktadir. Kapsiillerin igerisine yerlestirilecek
olan elektronik gostergelerde misteriye anlik olarak aktarilmasi planlanan bilgiler sunlardir:

o Yerden yiikseklik,

o  Kapsiile bindikleri noktaya olan uzaklik,

o Hiz,

e Bir tam turun tamamlanmasina ne kadar zaman kaldig: (bir tam turun bitmesine 1

dakika kala yolcularin inis hazirlig1 igin erken uyar1 devreye girecektir).

Bu bilgileri anlik hesaplayabilecek yazilimi gelistirecek bilgisayar programcisina yardimci olmaniz
istenmektedir. Bu gercevede, programciya bu bilgilerin matematiksel olarak nasil hesaplanabilecegi
konusunda bir yontem 6neriniz.

As a part modeling task development stage of a project supported by TUBITAK (Grant no 110K250)
“The Ferris Wheel” activity adapted from “Lesh, R., & Lehrer, R. (2000). Iterative refinement cycles
for videotape analyses of conceptual change. In A. E. Kelly, & R. A. Lesh (Eds.), Handbook of research
design in mathematics and science education (pp. 665-708). Mahwah, NJ: Lawrence Erlbaum
Associates, Publishers.”

Tag: Mathematical concepts under the MEA are trigonometric functions that take place in 10th grade
in the mathematics curricula published by Turkish Ministry of National Education (MoNe, 2011).
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C.3 The Street Parking

Bir sehir planlamacisi iki yonlii bir yolun kenarinda, evlerin oniinde araba park yeri tasarlamak i¢in
sizden yardim istiyor. Sehir plancisinin amaci caddede park edilebilecek arag sayisinin en fazla olacagi
diizeni saglamaktir. Park edilecek yer yolun 150 metrelik kismini olusturuyor. Yolun toplam genisligi
asagidaki ¢izimde goriildiigi gibi 18 metredir. Bu yolda hem iki yonlii trafik islemeli, hem de iki
tarafinda arabalar park edebilmelidir. Sekil 1°de goriildiigii gibi yolun bir seridi serit ¢izgisi dahil 4,5
metre ve yolun kenarindaki bir ara¢ park alaninin genisligi de 4,5 metredir. Bir arabanin giivenli bir
sekilde park edilebilmesi igin serit ¢izgileri dahil 3 m genisliginde 4,8 m uzunlugunda bir alan
ayrilmalidir. Bu alan, yola paralel olabilecegi gibi (bkz. Sekil 2a) acili olarak da tasarlanabilir (bkz.
Sekil 2b) ancak bu durumda araglar yola tagmamalidir.

45m &——— déniis

45m —— gidig ynii

18 m

ara: pord abaun 45m

Sekil 1. Araba park alan1 ve yol plam

Sizden istenen yolun bu 150 m’lik kismina en fazla sayida arag¢ park edilebilecek sekilde yola paralel
veva acui park yerleri tasarlamanmizdir. Araba park yeri tasarmunizda asagidaki ¢izimlerden
yararlanabilirsiniz.
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Sekil 2b. Agili araba park yeri tasarimi

Eger arag¢ park alaninin genigligi icin verilen 4,5 metre sinirlamasi olmasaydi sehir planlamacisina en
fazla sayida arag park edilebilmesi icin nasil bir park tasarimi énerisinde bulunurdunuz? Nedenleriyle
aciklayniz.

As a part of a project supported by TUBITAK (Grant no 110K250) “Street Parking” activity was
adapted from “Swetz, F. & Hartzer, J.S., (1991). Mathematical modeling in the secondary school
curriculum: A resource guide of classroom exercises. Reston, VA: NCTM. (pp. 71)”

Tag: Mathematical concepts under the MEA are the geometry of the triangle and trigonometric
functions that take place in 10th grade in the mathematics curricula published by Turkish Ministry of
National Education (MEB, 2011a)
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C.4 The Bouncing Ball

Bircok popiiler spor dali bir c¢esit top kullanim
gerektirir. Spor dallarinda kullanilan toplar: tasarlarken goz
ontinde bulundurulmasi gereken en 6nemli etkenlerden birisi
de topun iyi ziplayabilmesi, yani esnekligidir. Ornegin, bir
golf topu sert bir ylizeye carptiginda distiigi yiiksekligin
yaklagik 2/3 i kadar sigramalidir.

Cesitli spor dallarinda kullanilmak {izere toplar
ireten bir firmanin ARGE birimi ¢aliganlari,
esnekligini test etmek igin yeni gelistirdikleri bir
topu, 52 metre yiiksekligindeki bir binanin ¢atisindan
asag1 dogru birakiyor. Binanin bir katinda gézlem
yapan bir gorevli de topun, yerden 15 metre yiiksek
olarak belirlenen gozlem seviyesinden 17 kez
gectigini  rapor ediyor. ARGE  bdoliimiiniin
matematikg¢isi olarak sizden, bu verileri kullanarak
test edilen topun ziplama oraninin ne olabilecegini
bulmaniz istenmektedir. Bunu yaparken, topun diiz bir zemine carparak her ziplayista bir dnceki
yiiksekliginin belli ve sabit bir oranina ulastigini varsayin.

As a part of a project supported by TUBITAK (Grant no 110K250) “The Bouncing Ball” activity was
adapted from “http://intermath.coe.uga.edu/topics/nmencept/ratios/r16.htm (Source: Mathematics
Teaching in the Middle School, Feb 1999)”.

Tag: Mathematical concepts under the MEA are exponential functions, exponential inequalities that
take place in 11th grade in the mathematics curricula published by Turkish Ministry of National
Education (MEB, 2011a).
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C.5 The Free Roller Coaster

Ankara’da yeni kurulacak olan bir eglence parkinda yer almasi diisiiniilen lunapark tren
yolunun mesafeye gore yiiksekligini igeren tasarimi igin yarisma agilacagi ve kazanana 6miir boyu
ticretsiz binis hakki1 verilecegi tiim basin-yayin organlarinda duyurulmustur. Yarismayi kazanma kriteri,
tasarimin trene binen yolculart 6lesiye korkutarak heyecanlandiracak kadar egimli, fakat onlar1 sag
salim geri getirecek kadar da giivenli olmasina bagli. Yolcularin heyecanlanmasi bu yolun yukart ve
asag1 dogru ani ve keskin degisimlerle harekete imkan vermesine bagliyken, giivenlik kurallarina gore,

yolun egiminin mutlak degeri 5,67 den fazla olmamali.

Siz de bu yarigmaya, bir grup miithendisle birlikte kendi tasariminizla katilmak istiyorsunuz.
Zamandan tasarruf etmek amaciyla, {igerli gruplar halinde ¢aligmaniz gerekmekte. Her grup, bu yolun
bir parcasini tasarlayacak, daha sonra bu parcalar birlestirilerek uzun bir yol elde edilecek. Sizin de
icinde bulundugunuz grup, bu egimli demiryolunun sadece inisleri ve g¢ikislar1 olan, viraji olmayan,
baslangic noktasinin yiiksekligi 6 metre bitis yliksekligi 9 metre olan 100 metre mesafelik bir boliimiinii
tasarlayacak. En az ii¢ yerde ani asag1 dogru inis i¢erecek olan bu yolun hangi bdliimlerinde heyecanin

arttigini, hangi boliimlerinde azaldigini igeren bir rapor da hazirlamaniz beklenmekte.

As a part of a project supported by TUBITAK (Grant no 110K250) “Free Roller Coaster” activity was
adapted from “Cabana, Cooper, Dietiker, Douglas, Gulick, Simon, & Thomas (2000). College
prepatory mathematics calculus. First Edition. (pp.162-163).”

Tag: Mathematical concepts under the MEA are slope of tangent lines and curve analysis that take place
in 12th grade in the mathematics curricula published by Turkish Ministry of National Education (MEB,
2011a).
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C.6 The Water Tank

Bir sirket bilgisayar destekli egitim amagli yazilimlar hazirlamaktadir. Sirketteki bir ekibe dgrencilerin
grafik ¢izme ve yorumlama becerilerini gelistirmeye yardimci olacak bir su deposu doldurma
animasyonu iizerinde ¢aligma isi verilmistir. Ekibin bu animasyonu olusturabilmesi i¢in depo suyla
dolarken depoda biriken su miktarina baglh olarak suyun yiiksekligini gosteren bir grafige ihtiyaci
bulunmaktadir.

Ekibin matematikgi iiyesi olarak sizden istenen ekte verilen drnek depolar igin istenen tiirden bu
grafikleri yaklasik olarak ¢izmeniz ve sonrasinda herhangi bir sekle sahip bir su deposu i¢in su
miktarina bagh olarak suyun yiiksekligini gosteren grafigin nasil ¢izilecegini ac¢iklayan bir yonerge
hazirlamanizdr.

S22
Tank 1 Tank 2
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Tank 3 Tank 4

As a part modeling task development stage of a project supported by TUBITAK (Grant no 110K250),
“The Water Tank” activity was adapted from “Carlson, M. P. (1998). A cross-sectional investigation
of the development of the function concept. In A. H. Schoenfeld, J. Kaput, & E. Dubinsky (Eds.),
Research in collegiate mathematics education, I11 (CBMS Issues in Mathematics Education, Vol. 7,
pp. 114 —162). Washington, DC: Mathematical Association of America.” and “Carlson, M., Larsen,
S., &Lesh, R. (2003). Integrating models and modeling perspective with existing research and
practice. In R. Lesh & H. Doerr (Eds.), Beyond constructivism: A models and modeling perspective
(pp. 465-478). Mahwah, NJ: Lawrence Erlbaum Associates.”

Tag: mathematical concepts under the MEA are change, concave up, and concave down functions that
take place in 10th grade in the mathematics curricula published by Turkish Ministry of National
Education (MEB, 2011a).
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APPENDIX D

SAMPLE MODELING ACTIVITY IMPLEMENTATION PLAN

CADDEDE PARK YERI ETKINLIGI UYGULAMA PLANI
Modelleme Sorusunun Adi: Caddede Park Yeri
Ogrenme Alani: Geometri, Trigonometri
Toplam Siire: 140 dk
Sorunun ¢oziilmesi icin siire: 100 dk
Sunumlar i¢in siire: 40 dk
Arac ve Gerec: A3 ve A4 kagid, etkinlik kagidi, hesap makinesi
UYGULAMA
1. Ogrencilere derste yapilacaklarin aciklanmasi
Bireysel ¢alisma, grup ¢calismast ve grup sunumlarinin isleyisi asagidaki hususlar hatirlatilacak.

Bireysel Calisma: Bireysel okuma ve ¢6ziim yaklasimlari {izerinde diistinme

Grup Calismasi: Zamani etkili kullanmalari, ¢6ziim siirecinde raporu nasil yazacaklarini planlamalari
gerektigi

Grup Raporlar:: ¢6ziim siirecinin matematiksel olarak ayrintili agiklanmasi, varsa ¢dziim
yaklagimlarindaki degisikliklerin gerekgesiyle rapora yansitilmasi, grup ismi ve iiyelerin isimleri rapora
yazilmasi

Grup Sunumlari: dersin sonunda grup sunumlarinin yapilacagi

2.  Sorunun anlasilmasim saglamak ve soruya isindirmak i¢in yapilabilecekler

Bireysel calismadan sonra sorunun nasil anlagildig1 veya anlasilmayan noktalari iizerine sinif tartigmasi

yapilabilir.

Sorunun anlagiimayacagi yer: Sekil-1 de goriildiigi gibi, 4,8 metre uzunlugundaki yerin neresi oldugu;
yani 4,8 metre olacak yerin park yeri ¢izgisinin toplam uzunlugu mu olacakti yoksa 3 metreye 4,8

metrelik bir dikdortgensel park alan1t m1? (Asagidaki sekil-1 yanlis algilanan durumu 6rneklemektedir)
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3. Uygulamada égrencilerin kullanabilecekleri ¢oziim stratejileri
Paralel Park Tasarim ig:in;
COZUM YAKLASIMI:

150 + 4,8 =31, 25 araba (yolun bir kenarina) 0,25 araba olamayacagi i¢in; 31 x 2 = 62 araba (yolun 2

kenarina)
Acih Park Tasarim icin;
COZUM YAKLASIMI 1:
Sekil-2 goruldigi gibi;
e Park alanlarmin genisligi “c ” olsun.

e  Aragclar park agili park ettiginde artan yol “ x ” metre olsun (LM uzunlugu).

C
~y ™

sekil-2

Sekil-2 de
goriildiigii gibi, 6grenciler ABK iggeni ve ALM iiggenini kullanarak, x ve ¢ bilinmeyenlerini o agisina

bagli fonksiyon olarak yazabilirler (formiil olugturma):

e C= Ain o ( ABK tiggeninden)

.« x4 % N g (ALM iiggeninden)
150—x)/ - ‘Ly -3
o % ise [150 ( tana)]éina olur.
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Olusan bu formiildeki a yerine gesitli ag1 degerleri vererek degisik ac1 degerlerinde kag aracin park

edilebilecegini bulma.

Yapilabilecek Hata: o acisina degerler verirken sonucunda park alaninin uzunlugunun 4,5 metreyi asip

agmadigini hi¢ gdz 6niinde bulundurmama.

COZUM YAKLASIMI 2:

Sekilde belirtilen uzunluklar1 ve agilar1 kullanarak denklemler olusturulabilir:
1. x*+3 =c’ (AEB iiggeninden pisagor teorimi ile)
2. (4,57 +a’ =(x+4,8)* (ACD iliggeninden pisagor teoremi ile)
3. (L,5)c=4,8+x (AEB ve ACD ti¢genleri arasinda benzerlikten)

4,5 . .
=—=tand —>1,5x=a (AEB ve ACD iiggenleri arasinda benzerlikten)
a

X |w

Ve bu denklemlerden c’ye baghi ve x’e bagl asagidaki gibi ikinci dereceden denklemler elde

edebilirler.
1,25¢% —14,4c+32,04 =0 ve 1,25x* —9,6x—2,79=0
Bu denklemleri ¢ozerek, x ve c degerlerini bulup;

. tanH:E:i:0,375
X 7,98

e arctan(0,375) = 20,556 ag1 degerini ve 15% degerinden park edilecek araba sayisini

bulma.

Yapilabilecek Hata (Eksiklik): Soruda istenen “degisik ag1 degerleri igin” park edilecek arag sayisini

denememe ve sadece bir ac1 degeri bulma.

COZUM YAKLASIMI 3: Farkli a1 degerleri i¢in (6zellikle bilinen acilardan yola ¢ikarak) arag

sayisini deneme
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Ornegin;
30° olarak diigiindiigiimiizde yolun bir tarafina 25 arag 45° olarak diisiindiigiimiizde yaklagik olarak 32

arag, 90° 'de ise 50 arag sigabiliyordu.

Yapilabilecek Hata: o acisina degerler verirken sonucunda park alaniin uzunlugunun 4,5 metreyi asip

asmadigini hi¢ goz onilinde bulundurmama.
COZUM YAKLASIMI 4: (Tamamen yanhs yaklasim)

4.8 metrenin yanlis yerde almalart ve yanlis sonuca ulagsma ve bu durumda en idealini acil1 park olarak

bulma
6 30°
3m
L,S \ "[//\;
R AR N
- ™ \/
S 7
Jo0° - B,
’."
N
¥ = J./b:}' m

S, =30 i

E) H;‘E]"‘-—H«,S’l"—w" W L,6. 1.6F 5 =3, 518~

<in S

=2
Kw j.,é; % Bir oraba icia Pora’c’kcnamn el
L. 8.3 = 44, L ~
“+on =45 ~
Q 1'5}31'93 > 4L ULx + >,618 =41890.L.S
— sem b, ZS3L£2S
G\l= q’D Tet 'Q'or-_f w6 aerag

2 +or-; 32 acag sSiFern

4. Uygulamada ogrencilerin nerelerde ve ne tiir hatalar yapabilecekleri ve yapabilecekleri

hatalarin iistesinden gelmek i¢in kullanabilecek yontemler

e  Acili park etmesi konusunda. 4,8 metre uzunlugunun neresi olacaginin anlagilmamast

ve 4.8m uzunlugu yanlis yerde alma.

e Park alaninin uzunlugunun 4,5 metreyi asip asmadigmi hi¢ goz Oniinde

bulundurmama.
e  Agili park edilme esnasinda 6lii alan1 dikkate almama.
5. Ogrencilere soruyu cozerken sorulabilecek sorular ve bu sorulari sormadaki amaclar

Gruplar dolasilirken genel olarak sorulacak sorular:

e Ne tiir ¢oziim yaklasimlar: diislindiiniiz?

e Hangi yaklasimla ¢6zmeye karar verdiniz? Neden? (Gerekirse vazgectikleri diger

yaklagimlardan neden vazgectikleri?)
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e Hangi varsayimlarda bulunarak bu yonteme karar verdiniz?
e  Nasil ¢dzdiiniiz? Agiklar misiniz?

Etkinlige ozel sorular:

e Arabanin giivenli bir sekilde park edilebilmesi i¢in serit cizgileri dahil 3 m
genisliginde
4,8 m uzunlugunda bir alan olarak nereyi aldiniz?
e  Farkli agilar1 deneyerek yapan gruplara:
Hangi agilari kullandiniz? Neden bu agilar1 denediniz? Bu agilar1 denerken g6z oniinde
bulundurdugunuz kriterler var mi? (4.5 m gegmeme kosuluna dikkat edip etmediklerini sorgulamak.
6. Coziimlerin hangi siraya gore, ne sekilde sundurulacag: ve nedenleri

e Derste gruplarin ¢dziimleri ve zaman gibi unsurlar gbz Oniinde bulundurularak ders

esnasinda karar verilecek.
Ornegin; farkli ¢oziim yaklasimlarina sahip tiim gruplara sunum yaptirilmas: beklenmektedir.
7. Bu sorunun uygulanmasinda égretmenin dikkat etmesi gereken diger hususlar

e Sorunun ¢dziimiinde Ogrenciler agili park tasarimini yaparken, park edilecek agiy1

bulmayan park edecek ara¢ sayisini bulan gruplara
» Buldugunuz ag1 degeri nedir?
» Bu agidan biiyiik ve kii¢iik a¢1 degerleri i¢in ne sdyleyebilirsiniz?

Seklinde sorular sorarak dgrencilere bulduklart arag sayisina karsilik gelen ideal a¢1 degerini ve neden

0 ag1 oldugunu sorgulatabilir.

e Bu etkinlikte 6grenciler trigonometrik iligkiler i¢in hesaplama yapacaklardir. Bunun igin
O6gretmen simifta bilimsel hesap yapabilen hesap makinasi bulundurmalidir. Hesap

makinasinin kullanimi igin grencilerin yardima ihtiyaci olabilir.

e Problemde verilen 3 x 4,8 m’lik park alaninin giivenli park edebilme sartinin, giris ve ¢ikis
esnasindaki manevra mesafelerini de g6z Oniine alarak belirlendigi &grencilere

aciklayabilir.

e  Ogretmen, problemin anlasilmasi icin uygun bir dlcekte kagit modeller kullanimimni

Onerebilir.
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APPENDIX E

AN EXAMINATION GUIDE OF STUDENTS’ WAYS OF THINKING

OGRENCI DUSUNME SEKILLERi INCELEME REHBERI

Amag: Ogretmen adaylarinin, 6grencilerin matematiksel diisiinme siireglerini fark etme, anlama ve
yorumlamalarini (becerilerini) arttirmak (6grenmesi).

Siire: 100dk
Roller:
A. Sunucu ve Yonetici
e  Kurallarin hatirlatilmast
»  Gruplar isgbirligi ve fikir birligi i¢inde ¢alismasi
» Her bir boliim i¢in ayrilan siirenin hatirlatilmasi
e  Siirecin yonetilmesi ve rehberlik
»  Sorularin sorulmasi

> Ogretmen adaylarinin 6grenci kagitlarina verilen grup numaralarini belirterek
aciklama yapmasini saglama

»  Ogrenci kagitlar ile videolarin nasil eslesmis oldugunu aciklar.
e Ogrenci galismalari ile ilgili belli bilgilerin verilmesi

» Kaginc1 simif, 6grenci ¢aligmalarinin olustugu ortam, ortalama ne kadar
zamanda ¢ozdiikleri

B. Arastirmaci
e Ogrenci ¢oziim kagitlarinin 6gretmen adaylarina dagitilmasi

e Ogrencilerin not almalar1 i¢in amac¢ dogrultusunda hazirlanmis “dgrenci
diistinmeleri sekilleri degerlendirme formu” dgretmen adaylarina dagitilmasi

(*0grenciler bunu 6grenci kagitlarin analizi siirecinde doldurmasi)

e  Video kesitlerinin hazirlanmasi ve sunulmasi

YONTEM/IZLENECEK YOL
1. ADIM: Baslama/Giris ve Ogrenci cahsmalarinin sunulmasi (5dk)
»  Yonetici/Sunucu kisaca kurallar: agiklar ve zaman hakkinda bilgi verir.
»  Arastrmacilar tarafindan:

e Ogrenci kagitlari: Secilmis, 4-5 farkli gruba ait 6grenci kagitlari gruplara
dagitilir.

Uyar: Ogrenci ¢aligmalar1 hakkinda baslangigta sadece bazi bilgilerin verilmesi (smif seviyesi,
grupca caligmalar1 ve gruplarin kag¢ kisilik oldugu (6grenci ¢aligmalarinin olusturuldugu ortam),
hangi basar1 diizeyinde hangi okullardan oldugu baslangicta degil, 4. adimda konusulmalidir.
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2. ADIM: Belirlenmis 6grenci kagitlar ile ilgili, 6grenci sunumlarina ait videolarm
gosterilmesi (10dk) ve 6@renci kagitlarimin 6n analizi (10dKk)

e Video Kesitleri: Ogrenci diisiinme siireglerini yansitan hazirlanmis kagitlarla ilgili
video kesitlerinin gosterilmesi (her biri 5-7dk)

e  Arastirmaci, “sunumlara ait” video gorintiilerini gosterir (ortalama 10dk).

e  Gruplar kagitlarla ilgili 6grenci sunumlarini dinler ve kendilerine dagitilan 6grenci
diisiinme sekilleri degerlendirme formuna (genel) notlar alir.

e Ogretmen adaylar1 video gériintiilerinden elde ettikleri notlarla birlikte dgrenci
kagitlarina bakarak, 6grenci kagitlari ile ilk izlenimleri ile ilgili notlar alirlar.

e  Gruplar bu siiregte miimkiin oldugu kadar 6grenci ¢aligsmalarindan bilgi toplamaya
caligirlar.

3. ADIM: Ogrencilerin neler yaptiginin tamimlanmasi
Sunucu/Yonetici sorar; “Ogrenci kagitlarim ve ilgili videolar1 incelediginiz”.
e Neler goriiyorsunuz, neleri fark ettiniz, neler sdyleyebilirsiniz?
1! Ogrenci calismalarindan 6rnekler (yerler) gostererek bu soylediklerinizi destekleyebilir
misiniz?
Uyar:
e  Gruplarn ilk izlenimleri

e Calismanin kalitesi hakkinda (iyi/kétii/basarili/basarisiz vs. ) miimkiin oldugunca
yorumsuz, yorum gelirse bu diisiincesi ile ilgili dgrenci kagidindan kanit/aciklama
sunmast.

e ADIM: Odak grup’a ait video goriintiisiiniin izlenmesi ve 6grenci kagitlarinin detayh
analizi Video Kesitleri : Ogretmen adaylari, odak gruba ait video goriintiilerini izler ve
kendilerine dagitilan 6grenci diisinme sekilleri degerlendirme formuna (genel) notlar alir (bu
stirecte notlari bireysel alirlar)

e Ogretmen adaylar1 video goriintiilerinden elde ettikleri notlarla birlikte aralarinda

tartisarak (grupga) 6grenci kagitlari iizerinde calisirlar ve verilen kagitlar tizerindeki istenenler
dogrultusunda notlarini detaylandirirlar.

Uyar:

e  Gruplar bu siirede miimkiin oldugu kadar 6grenci ¢alismalari ile ilgili bilgi toplar.
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4. ADIM: Ogrenci calismalarinin yorumlanmasi

Uyart: Gruplar (Ogretmen adaylar1) bu siirecte, dgrencinin ne yaptigmi, nasil yaptigini ve nicin
yaptigint yorumlamaya calisacaklardir. Gruplarin (6gretmen adaylarinin) goérevleri: 6grencilerin
gordiigii/digiindigi gibi gdrmek/diisiinmek. Bu siiregte gruplar asagidaki sorulara cevap verecek
sekilde 6grenci calismalarini yorumlayacaklar ve 6grenci ¢calismalarindan yorumlarini destekleyecek
kanitlar sunacaklardir.

1. Ogrenciler soruyu ne kadar iyi anlamig?

2. Ogrencilerin kullandiklart farkli ¢éziim yollart nelerdir? (her bir dgrenci
kagidi igin)

» Hangi matematiksel konu ve gdsterimlerden yararlanmislar?

» (Varsa) Sorunun ¢oziimiinde kullanabilecekleri hangi gerekli matematiksel
bilgi/beceri/konuyu goz ardi etmisler?

3. Oprencinin ¢bziim ve diisinme siireclerinde giiclii gordiigiiniiz yerler
nerelerdir?

>  Ogrenciler sorunun hangi kisminda/kisimlarinsa en fazla ¢aba gdstermisler?
(6grenci ¢oziimlerinin giiclii yonleri)

4. Oprenci ¢oziim ve diisiinme siireclerindeki  zayif — gordiigiiniiz
yonler/problemler nelerdir?

> Ogrenciler sorunun hangi kisminda/kisimlarinsa en az ¢aba gostermisler?

» Nerede  zorlanmuglar/ ne  tir  hatalar  yapmuglardir? Hangi
kavramlar/matematiksel siire¢ onlar i¢in zor gelmistir?

5. Opgrencilerin ¢dziimlerinden/diisiinme siireglerinde size ilging gelen /sasirtan
bir yaklagim var mi1?

6. Sizin beklentilerinizden/tahminlerinizden farkli 6grenci diisiinme sekilleri (ve
hatalar, zorluklar) nelerdir?

1! Ogrenci calismalarindan érnekler (yerler) gostererek bu soylediklerinizi destekleyebilir
misiniz?
5. ADIM: Siirecin Degerlendirilmesi (15dk.)

4-5 farkl grup 6grenci kdgitlar: ve ilgili video goriintiilerini incelediniz ve iizerinde tartistiniz.

e  “ Bu dgrencilerin diisiinme siiregleri arasinda herhangi bir iliski goérebiliyor musunuz?
(ne gibi bir iligki goriiyorsunuz/benzerlikler ve farkliliklar?

e “Ogrencilerin bu ¢alismalar1 onlarin matematiksel diisiinme siiregleri hakkinda size ne
sOyliiyor?”

299




300



APPENDIX F

EVALUATION REPORT OF STUDENTS’ WAYS OF THINKING

Ogrenci Diisiinme Sekillerini Degerlendirme Raporu

Ogrenci diisinme sekilleri siirecindeki tartismalarimzi tekrar diisiinerek, asagidaki sorulara

cevap veren, miimkiin oldugu kadar detaylariyla ve érneklendirerek agiklayan bir rapor yazmaniz
beklenmektedir. Listedeki sorularin hepsinin cevaplanmasina 6zen gosteriniz, ancak, listedeki
siralamayi takip etmek zorunda degilsiniz. Bununla birlikte, sorulara karsilik gelmeyen ekleyeceginiz
bagska diigiinceleriniz olursa kendinizi bu sorularla kisitlamadan, etkinlikle ilgili her tiirlii diisiince ve
elestirilerinizi de yazabilirsiniz.

1.

Ogrencilerin calismalarini yani dgrenci ¢oziim kAgitlarini ve bu ¢oziim kagitlar ile ilgili video
kesitlerini incelerken ve degerlendirirken ¢6ziim kagitlarinda ve videolarda 6ncelikli olarak nelere
dikkat ettiniz (odaklandiniz)? Agiklayiniz.
“Etkinlik sonrasi diisiince raporunuzda, oOgrencilerin bu soruya getirecegi farkli ¢6ziim
yaklagimlarini, dgrencilerin ne tiir zorluklar yasayacagini ve yapabilecekleri olasi hatalar ile ilgili
beklenti ve tahminlerinizi” ifade etmistiniz. Ogrenci ¢oziim kagitlarini ve video goriintiilerini
incelemeden onceki sizin beklentileriniz/tahminleriniz ile inceledikten sonraki gordiigiiniiz
“dgrencilerin ¢6ziim yaklagimlar1”, “sorunun ¢6ziimiinde karsilastiklart zorluklar” ve “yaptiklar
hatalar” arasinda farkliliklar var miydi? Varsa, bu farkliliklar1 ¢oziim kdagitlarindan ve videolardan
orneklerle destekleyerek agiklayiniz.
Ogrencilerin ortaya koydugu bu ¢dziim yollarindan, “bu sekilde diisiinecegini gercekten de
diisiinemezdim,; beni ¢ok saswtt1.” dediginiz bir ¢6ziim yaklagimi (matematiksel diigiinme siireci)
var miyd1? Varsa, hangi ¢6ziim yaklasimi oldugunu nedeniyle birlikte aciklayiniz.
Incelediginiz tim oOgrenci ¢dziim kagitlarmi ve video goriintiilerini géz oniine aldiginizda,
ogrencilerin matematiksel olarak nasil diigiindiigii, neler bildigi ve bilmedigi hakkinda neler
6grendiniz? Ogrenci ¢oziimlerinden (kAgitlardan ve videolardan) grneklerle aciklayimz?
Ders siirecinde incelediginiz kagitlar1 ve videolar1 degerlendirdiginizde;

a. Ogrenci ¢oziim kagitlar1 hangi yonleri ile sizin 6grencilerin diisiinme siireglerini
anlamaniza ve yorumlamaniza yardime1 oldu?
b. Ogrenci videolar1 hangi yénleri ile sizin 6grencilerin diisiinme siireglerini anlamaniza ve
yorumlamaniza yardimci oldu?
Grup ortaminda c¢alismanizin (grup i¢i tartigmalarin) Ogrencilerin diisiinme siiregleri ile
ogrendiklerinize katki sagladigini diisiiniiyor musunuz? Nasul ve Neden?
Simif tartigmalarmizin 6grencilerin diisinme siirecleri ile O6grendiklerinize katki sagladigini

diistiniiyor musunuz? Nasil ve Neden?
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APPENDIX G

PRE-SURVEY FORM

Ad1 Soyada: Tarih:
Dogum Yih:

Genel Not Ortalamasi.

1)

2)

3)

4)

5)

6)

7)

8)

Kendinizi kisaca tanitiniz. Akademik 6zge¢misiniz (mezun oldugunuz lise, iniversitede
aldiginiz matematik, matematik egitimi, diger egitim dersleri ve staj dersleri); ilgi alanlariniz;
varsa ¢alisma deneyiminiz ve deneyim yiliniz (6zel ders, dershane ve ya diger 6zel kuruluglar)
hakkinda kisaca bilgi veriniz.

Matematigi nasil tamimlarsimz? Sizce matematik nedir?

Matematik egitiminde problem ¢dézmenin yeri nedir? Sizce matematiksel bir problem nasil
olmalidir?

Matematik dersi bilgi ve becerilerinizi nasil degerlendirirsiniz? Iyi ya da zayif oldugunuzu
diistindiigiiniiz dersler/konular var mi?

“Matematiksel modelleme” ifadesini daha 6nce duydunuz mu? Bu ifadeden ne anladiginizi
orneklerle agiklayimiz.

Hig modelleme etkinligi ¢6zdiiniiz mii/uyguladiniz mi? Ornekler verir misiniz?

Gergek hayatta karsiniza ¢ikan problemleri ¢6zmenizde matematik bilginizin size nasil bir
katki sagladigim diisiiniiyorsunuz? Orneklerle agiklaymiz.

Matematik dersinde gerg¢ek hayat problemi kullaniminin saglayacag: kolayliklar ve zorluklar
neler olabilir?
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APPENDIX H

POST-SURVEY FORM

Adi-Soyadt: ...
Genel Degerlendirme Sorulari

1. Sizce matematiksel model ve modelleme nedir?

2. Donem boyunca yaptigimiz aktivitelerden en ¢ok hangilerini sevdiniz? Neden?

3. Donem boyunca yaptigimiz aktivitelerden en az hangilerini sevdiniz? Neden?

4. Sizce iyi bir modelleme sorusu nasil olmalidir? Ne tiir 6zellikler tagimalidir?

5. Donem basindan sonuna kadar dersteki yaptiginiz ¢aligmalari diislinerek, modellemeye ve
modelleme sorularina yaklagiminizdaki degisimi degerlendiriniz.

6. Donem basindan sonuna kadar dersteki yaptiginiz ¢aligmalari diisiinerek modelleme sorularini
¢dzme becerilerinizdeki gelisimi degerlendiriniz.

7. Bu derste matematik ve matematiksel diisinme adina neler 6grendiniz? Bu 6grenmede
modelleme etkinliklerinin nasil bir rolii oldu?

8. Ogretmen oldugunuzda smifimizda modelleme aktivitelerini uygulamay1 diisiiniir miisiiniiz?
Sebepleriyle agiklayiniz.

9. Modelleme sorularinin siif ortaminda verimli bir seklide uygulanabilmesi i¢in 6gretmenlerin
ne tiir bilgi ve becerilere sahip olmasi gerekir?

10. Matematik dersinde modelleme aktivitelerinin kullaniminin saglayacagi kolayliklar ve
zorluklar neler olabilir?

11. Modelleme sorularmi &grencilerin matematiksel diisiinme sekillerini anlama bakimindan
degerlendiriniz.

12. Bu derste modellemenin matematik dgretiminde kullanimi ile ilgili neler 6grendiginizi ders

kapsaminda yapilan ¢aligmalara da deginerek degerlendiriniz.

a.  Modelleme sorular1 uygulamalar1
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b. Grup ¢alismasi

c. Ogrenci diisiinme sekillerinin incelenmesi

d. Modelleme sorusu gelistirme

e. Teknoloji kullanimi1

f.  Uygulama plani hazirlama ve mikro-6gretim

13. Bu dersin gelistirilmesine yonelik neler dnerirsiniz?
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APPENDIX |

REFLECTION PAPER

Etkinlik Sonrasi Diisiince Raporu

Etkinlik siirecinde yasadiklarinizi tekrar diistinerek, grupca yaptiginiz ¢dziim siirecini miimkiin
oldugu kadar detaylariyla ve O&rneklendirerek agiklayan bir rapor yazmaniz beklenmektedir.
Raporunuzda problemin ¢oziimiinde kullandigimiz grafik, tablo ve denklemleri kullanabilirsiniz.
Raporunuzu hazirlarken asagidaki soru listesini kullaniniz. Listedeki sorularin hepsinin cevaplanmasina
Ozen gosteriniz, ancak listedeki siralamayi takip etmek zorunda degilsiniz. Bununla birlikte, sorulara
karsilik gelmeyen ekleyeceginiz baska diisiinceleriniz olursa kendinizi bu sorularla kisitlamadan
etkinlikle ilgili her tiirlii diislince ve elestirilerinizi de yazabilirsiniz.

1. Uzerinde galistigimz problemin veya incelediginiz durumun tanimu:
Calistigimiz problem (veya durum) neydi? Bu ¢alismadaki amaciniz neydi?

2. Problemi ¢6zmeye baslamadan 6nceki bireysel diisiinceleriniz.
Problem hakkinda ne diistindiiniiz? Problem durumunu tam anlayabildiniz mi? Problemin
¢oztimii icin ilk aklimiza gelen yol neydi (yanls da olsa belirtiniz)? Problemi okuduktan sonra
soruyu ¢ozerim ya da ¢ézemem diye diisiindiintiz mii? Bdyle diigiinmenizin sebepleri nelerdir? vb.

3., 4. ve 5. sorularda c¢oziim siireciyle ilgili sizin diisiinceleriniz soruldugundan,
cevaplarken grup ¢alisma siirecinde gectiginiz asamalara ve onemli doniim noktalarina vurgu
yaparak yanitlayiniz. Burada sizden beklenen grup ¢oziim ve tartisma siirecini raporunuza en
iyi sekilde yansitmanizdir.

3. Problemin ¢6ziim siireci ve bu siire¢ hakkindaki diisiinceleriniz. Coziimiin basindan sonuna kadar
gectiginiz stirecleri, grubunuzda ortaya ¢ikan farkli diisiinme bigimlerini tanimlar misiniz? (yanlis
da olsa belirtiniz)

a. Problemin ne oldugunu anladiktan sonra soruyu ¢6zmeye nasil bagladiniz?

b. Problemin ¢dziimiinii veya durumun analizini nasil yaptiniz? Problem iizerinde ugrasirken
karsilagtiginiz zorluklar ve kolayliklar nelerdi? Tikandiginiz yerler var miydi? Bunlar
nelerdi? Tikandigimz noktalar1 agmak i¢in ne yaptiniz? Okuyup anladiginiz
diistindiigiiniiz fakat ¢dzerken takildiginiz ve soruyu tekrar okuyup anlamaya c¢alistiginiz
noktalar var miydi? Bunlar hangileriydi agiklayarak yaziniz.

c. Problemi ¢ozerken problem durumu ile ilgili dikkate aldiginiz durumlar ve varsayimlar
nelerdi? Bu varsayimlari nasil belirlediniz? Belirlemede neler etkili oldu (grup tartismasi,
onbilgiler vs.)?

d. Problemi ¢ozerken kullandigimiz matematiksel kavramlar, fikirler ve stratejiler nelerdi?

e. Problemin anlasilmasi, ¢6ziimii ve dogrulanmasi asamalarinda matematiksel
gosterimlerden (grafik, tablo, resim, vs...) nasil yararlandiniz?
4. (Coziime ulasamadiginizda ¢oziim yolunu nasil degistirdiniz? Ne yapiyorum ve nasil yapiyorum
diye durup ¢6ziim basamaklarini kontrol ettiniz mi? Agiklaymiz.

5. Buldugunuz sonucu nasil yorumlarsiniz? Coziimiiniiziin gegerliligini veya baska durumlar igin
kullanilabilir oldugunu nasil gosterirsiniz?

6. Bu soruyu c¢ozdiikkten sonra neler Ogrendiniz? Soru ve ¢6ziim yollarmiz hakkinda kendi
performansinizi nasil buldunuz? Kisaca yaziniz.

7. Diger gruplarin ¢6ziim yaklasimlarii dikkate aldiginizda kendi ¢6ziimiiniizii nasil gelistirirdiniz?
Agiklayiniz.
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10.

11.

12.

13.

14.

Bu derste daha once yapilan etkinlikler bu haftaki ¢6ziim yaklasiminiza nasil katki sagladi?
Aciklaymiz (Tkinci modelleme sorusu ¢oziildiikten sonra cevaplanacak).

Bu problemin ¢dziimii siirecinde 6n plana ¢ikan matematiksel kavram ve fikirler nelerdi?
a. Bunlar d6nceden bildiginiz kavramlar mrydi? Yeni bir kavram ve fikir 6grendiniz mi?

b. Bildiginiz bir kavram ise bu kavramlarla ilgili bilgilerinizde bir degisiklik oldu mu? Ne
tir degisiklikler oldu?

Bir ogretmen goziiyle bakmaniz gerekirse;

a. Bu problemi siif ortaminda uygularsaniz 6grencilerin hangi kazanimlara ulagmasin
beklersiniz?
b. Bu soruya dgrencilerin getirecegi ¢6ziim yaklagimlar1 neler olabilir?
Bu problemi sinif ortaminda nasil uygularsiniz?
d. Boyle bir sinif uygulamasinda 6grenciler
i.  Nerelerde ve ne tiir zorluklar yasayabilirler?
ii.  Ne tiir hatalar yapmasini beklersiniz?
e. Ogrencilerin yaptiklar1 hatalar1 ya da yasadiklar1 zorluklar1 asmast i¢in neler yaparsiniz?

24

Problemi  modellerken/¢cozerken Ogrendiginiz  teknolojileri/yazilimlar1 ~ kullandimz =~ mm?
Kullandiysaniz hangilerini, nasil kullandiniz? Teknolojinin katkis1 ve/ya sinirliliklari hakkinda
neler soyleyebilirsiniz?

Bu etkinlikte grup calismasinin sizin a¢inizdan verimli oldugunu diisiiniiyor musunuz? Nasil?
Soruyu bireysel ¢cozmeye ¢aligsaydiniz ¢oziimiiniizde nasil bir farklilik olurdu?

Problemi ¢6zmeye ¢alisirken sizi bir sonuca ulagtirmayan farkli yollar denemis olabilirsiniz. Bu
yollar bazen problemi anlama ve ¢6ziime gitmede yardimci da olabilmektedir. Boyle ilging yan
yollar var ise raporunuza EK olarak koyunuz.

Bu problemi, bu giine kadar gordiigiiniiz problem tiirleri ile benzerlikleri farkliliklari agisindan
degerlendiriniz.
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APPENDIX J

A GENERAL EVALUATION PRESENTATION OF REFLECTION PAPERS

1. Dosya adi asagidaki gibi verilmeli:

OdevAdi Ad Soyad OgrenciNumarasi
Ornek: DusunmeRaporu 1 Sukran Yilmaz Caglayan 987654321.doc

2. Diisiince raporunun basina raporun hangi etkinlikle ilgili oldugu ve tarih bilgileri eklenmeli.

Ad Soyad:
Etkinligin Adi:
Tarih:

3. Rapor soru-cevap seklinde degil diiz metin olarak hazirlanmali. Raporda, metnin organizasyonuna
ve ifadelerin dogruluguna dikkat edilmeli. Ornegin, metinde farkli konulara gecis yapildiginda
paragraf basi yapma ve yazim yanliglarint kontrol etme.

4. Rapor, size verilen soru listesindeki tiim sorulara cevap verilecek sekilde hazirlanmali. Listedeki
sorulara karsilik gelmeyen ekleyeceginiz baska diisiincelerinizi de yazabilirsiniz.

5. Sorunun ¢6ziimiiyle ilgili olarak 6nce bireysel olarak ne diislindiigliniizli, hangi ¢éziim yontemini
gelistirdiginizi belirtiniz. Daha sonra grup ¢6ziim siirecini agiklayiniz.

6. Ortaya atilan diisiince ve iddialar agiklayici ifadeler ve 6rneklerle ile desteklenmeli.

“Grup ¢aligmas1 olmasi, farkli bakis agilarint goriip soruya degisik acilardan yaklasim
saglamasi agisindan ¢ok yararlt oldu.”

“Bu soruyu ¢ozdiikten sonra bu tarz problem temelli sorulara nasil yaklasmam gerektigi
konusunda daha iyi fikirler edindim. Ornegin, farkli tablolar elde edip farkli diisiinceler
gelistirmem gerektigi ve bunu karsimdaki insanlari ikna edecek sekilde agiklamam
gerekliliginin ne kadar 6nemli oldugunu gérdiim.”

7. Varsayimlarin gerekgeleri agik¢a ifade edilmeli.
8. Grup tartigma siireci, hangi noktalarda nasil karar verildigi, neden karar degistirildigi, farkli
fikirlerin neler oldugu ve nasil fikir birligi saglandig: gibi konular daha detayli yazilmali.

“Grup g¢aligmasinin ¢ok faydali oldugunu diisiinliyorum ¢iinkii bazen tikandigimiz
yerlerde birimizin ortaya attigi bir fikri diger iki kisinin bilgisi sayesinde daha kullanigli bir
hale getirerek ¢coziime yonelik biiylik adimlar atmis olduk.”

“flk olarak 3 ay1 da bir biitiin olarak incelemeyi diisiinmiistiik fakat sonradan bunun
yanlis olacagini anlayip her birini ayr1 ayr1 diisiiniip yogun, orta ve durgun zamanlarla beraber
incelemeye Kkarar verdik.”

9. Teknolojinin sagladig: kolayliklarin neler oldugu spesifik olarak yazilmali

“Sorunun ¢6ziimiinde Excel kullandik ve bu bize inanilmaz kolaylik sagladi”
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10. Matematiksel denklem, grafik vs. gibi Word iizerinde yazmakta zorlandiginiz sekil veya grafikler
varsa size e-mail ile gonderilen ¢éziimiintizden kesip kullanabilirsiniz.

11. Ogretmen goziiyle yapilan degerlendirmede, dgrencilerin kazamimlar1 ve yasayacaklar1 zorluklar
konusu ele alinmig. Bununla birlikte matematiksel agidan kazanimlar ve zorluklarla ilgili durumlar
yeterince irdelenmemis.
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APPENDIX K

SEMI-STRUCTURED INTERVIEW QUESTIONS

Sorular

Bu haftaki soru ile ilgili genel olarak ne diigiiniiyorsunuz?
Problemin ¢6ziim siireci ve bu siire¢ hakkindaki diisiincelerinizi almak istiyoruz.
Co6ziimiin bagindan sonuna kadar gectiginiz siiregleri anlatir misiniz (yanlis da olsa

belirtiniz)?

a. Problem durumunu tam anlayabildiniz mi? Eger anlayamadiysaniz, anlamak i¢in
neler yaptiniz?

b.  Problemin ¢oziimii igin ilk akliniza gelen yol neydi (yanls da olsa belirtiniz)?

C. Problemi formiile ederken problem durumu ile ilgili dikkate aldiginiz durumlar ve
varsayimlar nelerdi? Bu varsayimlari belirlemede ne etkili oldu?

d. Matematiksel kavramlar, fikirler ve kullandiginiz stratejiler nelerdi?

e. (Raporlar ve ¢dziim kagitlari incelendikten sonra ) Su yontemi kullanmigsiniz,
neden bunu kullandimiz? ...

f.  Problem lizerinde ugrasirken karsilastiginiz zorluklar nelerdi?

g. Bunlari agmak i¢in ne yaptiniz?

h. Coziim siirecinde grubunuzda ortaya ¢ikan farkl diistinceleri anlatir misiniz?

Derste gelistirdiginiz ¢6ziim ile ilgili suanda ne diisiiniiyorsunuz? Diger gruplarin
¢Oziim yaklagimlarini nasil degerlendirdiniz. Kisaca agiklar misiniz?

Size gore ¢dziim siirecinizi olumlu ya da olumsuz yonde etkileyen faktorler nelerdi?
Bu derste daha dnce yapilan etkinlikler bu haftaki ¢6ziim yaklagiminiza nasil katki
sagladi1? Aciklayiniz (Etkinlik sonrast diisiince raporunda yetersiz veya eksik ifadelerin
anlastmasi i¢in sorulacak).

Bu probleme getirdiginiz ¢6ziimii ve matematiksel fikri benzer bagka durumlara
genelleyebilir misiniz? Ornek verir misiniz?

Tim grup ¢dziimlerini de goz Oniine aldiginizda ve bu problemde 6n plana gikan
matematiksel kavram ve fikirleri diigiindiigiiniizde;

a) Onceden bildiginiz kavramlar m1ydi?
b) Yeni bir kavram ya da bir fikir 6grendiniz mi?
c) Bukavramlarla ilgili sizin bilgilerinizde bir degisiklik oldu mu?

Bu etkinlikte grup ¢alismasinin sizin aginizdan verimli oldugunu distiniiyor musunuz?
Nas1l?

a) Soruyu bireysel ¢cozmeye ¢aligsaydiniz ¢oziimiiniizde nasil bir farklilik olurdu?
(Opsiyonel)

Bu problemi bu giine kadar gordiigiiniiz problem tiirleri ile benzerlikleri farkliliklar
acisindan degerlendiriniz. Etkinlik sonrasi diistince raporunda yetersiz veya eksik
ifadelerin anlasiimasi i¢in sorulacak).
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9. Bir 6gretmen goziiyle bakmaniz gerekirse;
f.  Bu problemi sinif ortaminda uygularsaniz 6grencilerin hangi kazanimlara
ulagmasini beklersiniz?
Bu problemi sinif ortaminda nasil uygularsiniz?
Bu soruya 6grencilerin getirecegi ¢6ziim yaklagimlari neler olabilir?
i. Nerelerde ve ne tiir zorluklar yasayabilirler?
ii.  Ne tiir hatalar yapmasini beklersiniz?

i.  Ogrencilerin yaptiklari hatalar1 ya da yasadiklar1 zorluklar1 asmasi igin neler
yaparsiniz?

Qe

10. Eklemek istediginiz baska bir sey var m1?
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APPENDIX L

APPLICATION PLAN FOR PROSPECTIVE TEACHERS

UYGULAMA PLANI

Uygulama planinmi hazirlayanlar:
Modelleme Sorusunun Adi:
Simif:
Ogrenme Alani:
Alt Ogrenme Alani:
Toplam Siire:
Derste yapilacaklarin agiklanmast igin siire:
Sorunun ¢6ziilmesi igin siire:
Sunumlar i¢in siire:
Dersi toparlamak igin siire:
Kazanimlar:

Ogrenciler tarafindan kullanilmas: beklenen beceriler:

Arag ve Gereg:
HAZIRLIK (Sorunun uygulama oncesi ile ilgili plan asagidaki basliklar gergevesinde

olusturulabilir.)

Soruda éne ¢itkan matematiksel kavramlar ve bu kavramlar arasindaki iliskiler

Sorunun uygulamasindan dnce 6grencilerin soruda dne ¢ikan matematiksel kavramlart
anlayabilmesi i¢in gerekli olan on bilgiler

Hazirlik asamasinda dikkat edilmesi gereken diger hususlar

UYGULAMA (Sorunun uygulamast ile ilgili plan asagidaki bagliklar cergevesinde

olusturulabilir.)

Gruptaki kisi sayisinin ve gruptaki kigilerin nasul belirlenecegi

Ogrencilere derste yapilacaklarin agiklanmast

Sorunun anlasiimasini saglamak ve soruya isindirmak igin yapilabilecekler

Uygulamada 6grencilerin kullanabilecekleri ¢oziim stratejileri

Uygulamada dgrencilerin nerelerde ve ne tlir hatalar yapabilecekleri ve yapabilecekleri
hatalarin tistesinden gelmek icin kullanabilecek yontemler

Uygulamada 6grencilerin nerelerde ve ne tir zorluklar yasayabilecekleri ve yasanabilecek
zorluklarin distesinden gelmek igin kullanabilecek yontemler

Ogrencilere soruyu ¢ézerken sorulabilecek sorular ve bu sorulari sormadaki amaglar
Ogrenciler soruyu ¢ozerken kigileri ve gruplart puanlandirma kriterlerinin neler olabilecegi
ve bu kriterlerin oncelik sirast

Coziimlerin hangi siraya gore, ne sekilde sundurulacagi ve nedenleri

Ogrenciler ¢oziimlerini sunarken kisileri ve gruplart puanlandirma kriterlerinin neler
olabilecegi ve bu kriterlerin oncelik siras

Sorunun ¢oziilmesinin ve ¢oziimlerin sunulmasinin ardindan dersin nasul toparlanilacagi

Bu sorunun uygulanmasinda 6gretmenin dikkat etmesi gereken diger hususlar

313



314



APPENDIX M

MICROTEACHING (IMPLEMENTATION EXPERIENCE) PRESCRIPTION

Etkinligi Uygulamasi Siirecinde Yapilacak isler
Uygulama Oncesinde;

¢  Modelleme sorusu uygulama planini hazirlayimiz ve ¢iktisini derse getiriniz.

e Modelleme sorusunun son hali {izerinde goriis almak isteyen gruplar uygulama 6ncesinde
bizimle iletisime geginiz.

e Derste kullanilacak teknoloji, materyal vs. gibi konularla ilgili hocalar1 dersten o6nce
bilgilendiriniz.

Uygulama Esnasinda;

e  Her bir grubun uygulama plan1 60 dakikalik bir ders siireci i¢in yapilmali.

e Grup elemanlan etkinlik uygulamasi i¢in gorev dagilimi yapmali (uygulamayr yapma,
uygulama ile ilgili sorunlari not alma, sorunun ¢éziimii ile ilgili ortaya ¢ikan yaklagimlar1 ve
fikirleri not alma v.)

Uygulama Sonrasinda;

e Uygulamada ¢ikan sonuglara gére modelleme sorusu ve uygulama planimi gézden gegirerek
son halini gelistiriniz.

e  Proje raporunu ekteki (diger sayfada) yonergeye gore bireysel olarak hazirlayiniz. Proje raporu
ile birlikte teslim edilecek dokiimanlar: Modelleme sorusu, sorunun kiinyesi, sorunun ¢dziimii,

uygulama planinin son hali (Bu belgelerin grup elemanlarindan sadece bir kisi tarafindan
teslim edilmesi yeterlidir).
Proje Raporu Yonergesi

1.  Modelleme sorusunu gelistirme siirecinin anlatilmast;
e  Sorunuzu hazirlarken nasil bir yontem izlediniz (bir matematiksel fikirden yola ¢ikma,
bir ger¢ek hayat durumundan yola ¢ikma vs.)?

e Siiregte bu soruya karar vermeden once bagka hangi soru veya fikirler {izerinde
calistiniz?

e Bu soruya nasil karar verdiniz?

e  Gelistirdiginiz sorunun modelleme sorusu olmasini saglamak igin goz Oniinde
bulundurdugunuz baslica kriterler nelerdi? Bunlara nasil karar verdiniz?

e Soruyu gelistirme siirecinde grup olarak nasil ¢aligtiniz?

e Soruyu gelistirme ve 0rnek ¢oziimler hazirlama siirecinde ne tiir zorluklar yasadiniz?
Bu zorluklar1 nasil agtiniz?

2. Sorunun uygulama siireci;
Uygulama 6ncesi
e Uygulama planinizi nasil olusturdunuz? Plan1 olustururken nelere dikkate ettiniz?

Uygulama esnasinda

e  Sorunun anlagilmasi ile ilgili ne tiir sorunlar ¢ikt1? Bunlar1 nasil astiniz?

e Ogrenciler nerelerde ve ne tiir zorluklar yasadilar?

o Oprencilerin yaptiklar hatalar1 ya da yasadiklar1 zorluklar1 asmasi i¢in neler yaptiniz?

e  Sorunun ¢Oziimii ile ilgili ne tiir yaklagimlar ve fikirler ¢ikt1?

e  Gruplar1 dolasirken ne tiir sorular geldi? Bu sorular1 nasil cevaplandirdiniz?
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Uygulama sonrasi
e  Sorunuzda ne tiir degisiklikler yapmaya karar verdiniz? Neden?
e Uygulama planinizda nasil degisiklikler yaptiniz?

3. Genel degerlendirme;

e FEtkinlik uygulama siirecinde uygulamayr yapan Kkisi/grup olarak roliiniizii
degerlendiriniz. Orneklerle agiklaymiz.

e Simif uygulamasi silirecinde modelleme etkinliklerinin matematik Ggretiminde
kullanilmast ile ilgili ne tiir izlenimler edindiniz? Orneklerle agiklaymiz.

e  Sinif uygulama siirecinizi diisiindiigiiniizde bu tiir uygulamalar yapacak dgretmenlere
neler tavsiye edersiniz (uygulama plani hazirlarken nelere dikkat etmeli, uygulama
siirecini nastl yonetmeli ve nelere dikkat etmeli, dersin toparlanmasinda nelere dikkat
etmeli vs.)?
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APPENDIX N

CODE LIST AND SAMPLE EXCERPTS

Table 23 List of codes with their definitions and sample excerpts

Codes with Their Definitions

Sample Excerpts

Conceptions about Mathematical Modeling
and about the Use of Modeling Activities: this
primary code illustrates evidence of the
prospective teachers’ conceptions about
mathematical modeling and the use of
mathematical modeling activities in the
classroom.

Conceptions and definitions of
mathematical modeling: conceptions
and definitions of mathematical
modeling describe prospective teachers’
conceptions and definitions of
mathematical before and after the
implementation.

Using concrete manipulative
and visualization: evidence that
the prospective teachers’
perceived mathematical modeling
as using concrete objects and
visualization for teaching and
learning mathematics (Before
implementation).

Relating mathematics with real
life: evidence that the prospective
teachers conceived mathematical
modeling as teaching and
learning mathematics relating
with daily life (After
implementation).

Conceptions about the use of
mathematical modeling activities: this
code describes prospective teachers’
conceptions about the use of
mathematical modeling activities for
their future classrooms.

Why to use modeling activities:
evidence of prospective teachers’
aims for using mathematical
modeling activities.

“I think mathematical modeling contains the
methods and techniques which are used for
facilitation, using concrete manipulatives and
visualization of teaching and comprehensibility
during the mathematics education.”

“The presentation of a mathematical subject
with daily life problem and noticing that there
are solutions of many real life problems that are
encountered us associated with mathematics.”

“It seems that I would use these kinds of
activities in the application level.”
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Table 23 (continued)

Where to use modeling
activities: evidence of the place
that prospective teachers think to
use these activities.

How to use modeling activities:
evidence that the method of
prospective teachers think to use
these activities.

When to use modeling activities:
evidence that prospective
teachers think to use these
activities at a certain frequency.

Thinking about Knowledge of Mathematical
Modeling and Modeling Activities: this
primary code describe evidence of the
prospective teachers’ thinking about the
knowledge of mathematical modeling and
mathematical modeling activities and their
comments about what that knowledge include.

Thinking about general knowledge of
mathematical modeling: this code
describes prospective teachers’ opinions
on what mathematical modeling
knowledge involves in general.

Thinking about the knowledge about
the nature of mathematical modeling
activities: this code describes
prospective teachers’ ideas about the
nature of mathematical modeling
activities and their properties.

Reality: evidence that
prospective teachers considered
this as a property of
mathematical modeling activities
in relation with daily life
situations and meaningfulness.

“As a teacher if | wanted to apply this question
in a classroom environment, | would ask the
students solve it individually after my
explaining the angles in circle and solving a few
questions about angles in circle and
trigonometric calculations”

“Interviewer: You decided to use this activity.
How would you do it?

TC23: | would use group study.”

“When I am a teacher, I implement these
activities quite often. Because | mentioned
about my own attainments above. | want my
students to have similar attainments”

“This is creating materials that enable the
students to understand the subjects more easily
by making that statement more concrete and to
demonstrate how a mathematical statement
works in real life” (Before the implementation).

“Initially, I noticed that I do not know the
concept modeling fully and I even misknow it.
However, now | know what a modeling
question means. After the questions that | have
discovered in this lesson, questions of daily life
situations revive in my mind. For example, |
would not think like this as a mathematician
when | went to an amusement park; now | can
look and think more as a mathematician” (After
the implementation).

“It should also reflect the problems in daily life,
namely it should not be isolated from real life”.
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Table 23 (continued)

Open-Endedness: evidence that
prospective teachers thought that
mathematical modeling activities
are open-ended.

Including more than one
mathematical concept: evidence
that prospective teachers
believed that these activities
involve more mathematical
concepts in their structure.

Having diverse solution
procedures and cyclic structure
of solution process: evidence that
prospective teachers thought that
these activities could have more
ways of solutions and these
solution ways may consist many
“returns”.

The need for a solution or
model: evidence that prospective
teachers believed that
mathematical concepts should be
taught with the condition that
students feel the necessity for
these concepts.

Generalizability and being
prototype: evidence that
prospective teachers thought that
the solutions of these activities
should be replicable and reused
for similar situations.

Distinctions from traditional
word problems: evidence that
prospective teachers thought that
there existed many differences
between mathematical modeling
activities and traditional word
problems. These differences
might be a property of modeling
activities.

“The problems given us till now were absolute
problems which have unique solutions based on
variables under control. However, it was an
open-ended question that requires our accepting
something to reach a solution and that enables
us to solve it upon this assumption. Therefore, it
was a problem which has solutions shaped by
the resolvent’s (person) idea rather than having
one and absolute solution”.

“Mathematical concepts that we used were
triangle geometry, trigonometric functions,
ratio, and proportion. This problem in which we
use many mathematical concepts may bring the
students in lots of things mathematically”.

“Nevertheless, we made many calculation
errors. We used different wrong ways of
solutions, we had great difficulties at first and
for this reason, and we went back to beginning
because of calculation errors. We handled the
question and say “we found the correct answer”
all the time but our supervisor came and told us
that there was a mistake in somewhere within
the question. Then we handled the question
again and there was some problems in minor
things like multiplying and thus we went back
to beginning”.

“In a good modeling question, a student should
feel that s/he needs to build a new structure that
will be an answer to the question asked to the
student’s himself or herself and then the student
should form a model”.

“Interviewer: Do you think can you generalize
the solution to the similar situations in daily
life?

PT17: Yes, it can be generalized because that is
a general solution method. That is, if there exist
a firm like that and this firm can hire employees
for the work”.

“This problem is a kind of problem that can be
encountered in nearly all geometry books in
terms of solution. But the style of question’s
being given us, along with adding difference to
the question also can make the question more
complicated with the concepts like ” angle’s
being widest” 7.
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Table 23 (continued)

Thinking about Knowledge about
Implementation of Modeling Activities in the
Classroom Setting: this primary code
illustrates evidence of the prospective teachers’
ideas, opinions, thinking about the knowledged
that is needed to implement mathematical
modeling activities in the class with their own
effectively.

Views about knowledge and
qualifications needed for teachers: this
code describes prospective teachers’
ideas, opinions, and comments about
what knowledge and qualifications
teachers need to carry out mathematical
modeling activities in classroom
environment.

Views about the knowledge
about the students’ way of
thinking: evidence that
prospective teachers thought that
teachers should know students’
way of thinking.

Views about the knowledge
about classroom management:
Prospective teachers’ ideas about
what knowledge teachers should
have when they conduct a
mathematical modeling activity.

Ideas about implementation
experience: Prospective
teachers’ comments and ideas
about their own implementation
experience with their developed
mathematical modeling activity.

“As far as I saw in students’ videos and solution
papers of the students, the students can see the
question in its different aspects. The ones that
reach the solution are quite a lot. Modeling
questions are quite effective to understand the
mathematical thinking ways of the students.
Their solutions for the question show us what
they know or do not know”.

“First of all, teachers should know
characteristics of a class. Then, they should
prepare implementation plan according to the
level of the class and they should manage the
plan accordingly the level of the class. At first,
the teacher should learn whether the question is
understood or not by going near each of the
groups. If there are problematic parts in the
question, the teacher should help the students by
guiding them. After that, the teacher should give
priority to the groups whose solutions are
different in the process of the students’
presentations of their solutions and the teacher
should pass to phase of summing up after the
students’ presentations are completed. Finally,
in this phase, ideas and opinions of the students
should be reminded and correct or incorrect
ones should be shared with students and then
the lesson should be finished”.

“Solution approaches for the question were
really different and fine. We had already
predicted possible a few situations as we
practiced this question in many different groups.
But in classroom practice solutions different
from our predictions came. Main solution idea
was the situation of arranging the equal chances
that correspond to the equal points to equal
areas. Solutions that verifies this would be
correct and valid solutions”.
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Table 23 (continued)

Impressions for the
implementation of modeling
activities: Prospective teachers’
feelings about conducting an own
developed modeling activity and
the process of mathematical
modeling.

Opinions on group work: this code
describes prospective teachers’
comments and ideas about group
working in the modeling process.

Efficient: Prospective teachers
believed that group work in
modeling activity is effective.

Inefficient: Prospective teachers’
thought that group work in
modeling process is not effective.

Views about the relationship between
technology and modeling: this code
describes prospective teachers’ ideas
about the association between
technology and mathematical modeling.

Contributions of technology:
evidence that prospective
teachers believed that technology
assisted students in modeling
process.

Obstacles of technology:
evidence that prospective
teachers conceived that
technology hinders the modeling
process.

“Interviewer: Okay, PT24, how was the group
working for you?

PT24: Group working was good. | like to work
with group because distinct ideas, different
perspectives emerges in the group working. One
of my friends sees the point that | do not see. |
could complete the missings of my friends or
vice versa, thus the solution could be found
easily and quickly. Sometimes the solution
could be found late because I could not see the
point and so my friends which results in failure.
There exists a time difference between
individual working and group working. In this
activity, we produced a good solution”.

“If they were three or four members in each
group, they do not respect each other due to the
reasons such as not mating enough. One of them
could be dominant or diffident”.

“Technologically, we used calculators for the
solution of the problem. If we had not used
calculators, no matter how the equation was
with one unknown in order to solve such an
equation whose quadratic multiples were not
whole numbers, we would have needed to spend
too long time on the problem. In this respect,
calculator's contribution was great and at the
same time, we made advantage of calculators to
calculate trigonometric values”.

“I encountered with many difficulties while
studying on the problem. The most important
one among these problems was to calculate an
angle whose sinus value was known. Because
some calculators while giving results as radian,
it was necessary to turn the result into degree
and use of calculators was quite complicated”.
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Table 23 (continued)

Views about the place and importance of
mathematical modeling in teaching and
learning mathematics: this primary codes
describes prospective teachers’ ideas and views
about the mathematical modeling in the
teaching and learning of mathematics.

Advantages of mathematical
modeling: evidence that
prospective teachers believed
that mathematical modeling has
benefits in mathematics teaching
and learning.

Disadvantages of mathematical
modeling: evidence that
prospective teachers thought that
mathematical modeling has
drawbacks in the teaching and
learning of mathematics.

“After solving this activity, I discovered how to
use trigonometric attainments that | acquired
during my education in daily life. In other
words, | realized that these attainments were not
only for being successful in exams but also for
making our life easier. Because like many
students, | was also curious about the use or
benefit of this subject in daily life during
learning process of trigonometry subject. This
activity was one that | would use to answer one
of my curious students when I could become a
teacher. Therefore, this question (activity) was
quite useful”.

“Difficulties could be experienced in terms of
time. Because teachers have problems like
completing the curriculum in time. The students
may not want to do this activity or even if this
activity is implemented in a crowded class,
there can be problems in terms of evaluation
and feedback”.
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