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ABSTRACT

INVESTIGATION OF PRESERVICE AND INSERVICE TEACHERS’
MATHEMATICS RELATED BELIEFS IN TURKEY AND THE PERCEIVED
EFFECT OF MIDDLE SCHOOL MATHEMATICS EDUCATION PROGRAM AND
THE SCHOOL CONTEXTS ON THESE BELIEFS

By

Cigdem Haser

Teachers’ beliefs have been a major focus of educational research due to their
influence on teachers’ practice. Understanding teachers’ beliefs and the processes in
which beliefs are formed provides information for teacher training programs. Therefore,
teacher education programs and beginning years in teaching are investigated for their
effect on the preservice and beginning teachers’ beliefs.

This study explored Turkish preservice and inservice (first-year) middle school
mathematics teachers’ mathematics related beliefs. Preservice participants were 20
students from 2™, 3™, and 4" year levels of a middle school mathematics teacher
education program who were interviewed in 2004. Inservice participants were 12 first-
year teachers who were interviewed both when they graduated from the same teacher
education program in 2003 and after they completed first-year teaching in 2004.
Additionally, a professor in the department was interviewed on his perspectives about
program’s impact on preservice teache;s’ beliefs.

Participants’ beliefs were investigated in relation to the teacher education program

and inservice teachers’ first-year teaching experiences. A combination of three



fameworks w!

beliefs was usc
reachers” inter
The ch
. . n
have a sigmific.
courses did ne
specifically des

mathematics re

preservice teac

context.

rdl-classroon
teacher-cente,
rtered by,

Pl'at‘dc & town



frameworks which categorizes the developmental levels of teachers’ mathematics related
beliefs was used in order to detect the belief expressions in preservice and inservice
teachers’ interview data.

The results indicated that teacher education program courses did not generally
have a significant impact on participants’ mathematics related beliefs since program
courses did not attempt to change preservice teachers’ beliefs. When a course was
specifically designed to challenge preservice teachers’ beliefs, there was some impact on
mathematics related beliefs. Program courses lacked sufficient practice in which
preservice teachers would implement their course experiences in the national curriculum
context.

The national curriculum pace and students’ differences in knowledge level were
unexpected for the participants since they were not sufficiently prepared for teaching in
real-classroom settings. Although inservice participants had both student-centered and
teacher-centered beliefs, their teaching practices were mostly influenced by teacher-
centered beliefs. The real-classroom context affected inservice participants’ beliefs and
practices towards teacher-centered teaching.

The study addresses the need for organization of courses that would challenge
preservice teachers’ beliefs, more real-classroom practice in teacher education program

courses, and a better first-year mentorship policy to support beginning teachers.
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CHAPTER 1

INTRODUCTION

Visible teaching, or observable practices that occur in the classroom, is partly a
result of invisible processes that occur in a teacher’s mental space. A teacher is likely to
alter her pedagogical decisions depending on what happens in a classroom moment, what
has happened before, and what she would consider as an effective next step. The
perception of effectiveness of a pedagogical decision depends on how a teacher connects
it to what she has experienced previously or what she anticipates from the change. The
nature of previous experiences and anticipations is likely to change as the teacher
becomes experienced. Teachers’ thought processes, however, are not easy to observe
(Clark & Peterson, 1986).

Teachers have certain ideas, expectations, attitudes, and beliefs about or towards
students, teaching, learning, and the subject matter they are teaching. Among teachers’
personal constructs, beliefs have been an important concern of educational research since
teachers’ beliefs are considered to have an impact on their practice. Teachers orchestrate
multiple variables in highly complex, uncertain, and unexpected classroom environments.
They manage this by using their beliefs, which are mostly formed by previous
experiences (Kagan, 1992; Nespor, 1987). Since beginning teachers lack sufficient
classroom experience, their beliefs become the main guide in their teaching (Feiman-
Nemser, 2001) with a high possibility of limiting their choice of teaching practices and
possibly their effectiveness (Cooney, 1985). Hence, beliefs play a key role in making

sense of the classroom context.
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Preservice teachers’ beliefs influence their interpretation of knowledge and
experiences gained in teacher education programs. In other words, beliefs function as a
filter for preservice teachers. Preservice teachers screen and re-organize new knowledge
and experiences by using their beliefs (Kagan, 1992; Pajares, 1992). These beliefs are
mostly formed during the pre-college education and are carried to teacher education
programs (Lampert, 1990; Schmidt & Kennedy, 1990). To what extent these beliefs are
challenged or changed through the preservice education remains an issue of concern
(Wideen, Mayer-Smith, and Moon, 1998).

Understanding preservice teachers’ beliefs is important in documenting the
effectiveness of teacher education programs in preparing teachers. Most teacher
education programs expect their students to teach differently than how they were taught,
but research shows that this has not been a major achievement so far (Wideen, et al,
1998). Despite the importance of preservice teachers’ beliefs in learning to teach, most
research is on the inservice or student teaching experience. The absence of longitudinal
research about how teachers’ beliefs are formed is a critical gap in teacher education
research. The evolution of teachers’ beliefs and practices over time is an area to be
explored in order to design and re-conceptualize teacher education programs (Kagan,
1992).

In this study, I investigated mathematics related beliefs of Turkish preservice and
inservice (first-year) teachers who were in the same teacher education program. I was
particularly interested in exploring their beliefs about the nature of, teaching, and learning
mathematics and understanding the impact of certain previous experiences on their

beliefs. I did not only focus on the teacher education program experiences, but also on the
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cumulative experience of being a student and a first-year teacher in a national curriculum
system.

My interest in beliefs emerged early in graduate school when I began to notice
differences in educational research in the U.S. and in Turkey. Unlike in the United States,
educational research in Turkey has not focused on teachers’ thought processes and on
their beliefs extensively. While U.S. studies investigate inservice and preservice teachers’
beliefs using several research traditions, Turkish studies are few in number and
exclusively designed quantitatively. Moreover, there are considerable differences
between the general educational system and teacher education of Turkey and the U.S.
which are likely to produce different beliefs and phases of belief development or
maintenance for preservice and inservice teachers.

Turkish preservice and inservice teachers’ beliefs may be different when
compared to U.S. teachers’ beliefs. The difference could be observed mostly in the ways
the beliefs are developed and centralized within the Turkish culture and the structure of
the teacher education programs that does not support beginning teachers in Turkey.
Turkish society values the teaching and learning of mathematics to a great degree.
Mathematics-based professions, such as engineering, are highly recognized over other
professions such as law. Mathematics is the key area in the national examination, the
University Entrance Examination, which is required for attending at any university in
Turkey (detail explanation of Turkish educational system is provided in Chapter 4). Due
to the importance of the University Entrance Examination in attending a university,
private services for test preparation training emerged and attending to this training have

been widely considered as the only way to pass the national examination in the Turkish
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society. These services are in the form of Test Preparation Centers (TPC) or private
tutoring, in which many university students including preservice teachers, are involved as
subject area tutors. Test training basically provides students with skills for solving
multiple choice questions in limited time and reduces student involvement and the
emphasis on the nature of mathematical knowledge. Mathematical knowledge is mostly
illustrated as a collection of rules and shortcuts that will work for solving the questions
during the test training by the instructors. Meanings of and connections among
mathematical concepts are not emphasized and often ignored. Therefore, reaching a
correct answer is generally seen as an indicator of learning mathematics by high school
students including future preservice teachers.

Despite its high status within Turkish culture, mathematics is mostly considered
as a collection of rules to be used to solve problems and this conception is emphasized
especially during the examination training in TPCs or through private tutoring beginning
from high school. Preservice teachers are also a part of this long enculturation process of
not thinking deeply but just solving questions correctly, but they also continue their
enculturation through tutoring in TPCs or in private settings which they consider as a
valuable teaching experience before formal teaching. Therefore, it might be expected that
the Turkish system not only impacts the ways preservice teachers consider mathematical
knowledge and teaching and learning of mathematics, but also provides them with
contexts in which they can practice the general conception of mathematics teaching in the
Turkish culture.

In addition to extensive opportunities for practice of informal examination

teaching before formal teaching at schools, a major difference between the U.S. and
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Turkish teachers is the lack of internship year in Turkish system. Turkish elementary
teacher education programs are four-year programs with no internship year that
beginning teachers are supported and monitored by collaborating teachers in their schools
and the teacher education institutidns, as conducted in the U.S. Therefore, they lack
critical reflection from experienced teachers and teacher educators on their beliefs and
practices, and they mostly tend to practice considering the national examinations and
curriculum pace.

The difference between the U.S. and Turkish educational systems in terms of the
conception of mathematics in the Turkish culture through national examinations and the
structure of each country’s teacher education process make U.S. research findings about
teachers’ beliefs unlikely to be generalized for the Turkish context. Hence, it seems a
necessary step to gather initial data about Turkish inservice and preservice teachers’
beliefs with the help of existing studies in the other contexts.

In this chapter, first, a theoretical framework for beliefs as a personal construct,
their importance, and how they should be investigated will be described briefly. This
section also includes some information about how I addressed certain issues in belief
research in the present study. Then, the motivation for the study and the goals and
outcomes of the study will be explored. Finally, a description of chapters of the
dissertation will be given.

Theoretical Framework

Following arguments about the need for understanding teachers’ affective and

cognitive processes beginning from 1980’s (e.g. Clark & Peterson, 1986), studies have

been conducted to analyze teachers’ knowledge and beliefs about subject matter and
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various components of the teaching and leamning process (Fang, 1996). Underlying these
studies was a general assumption that there might be a relation between teachers’ taught
processes and teachers’ way of teaching (Clark & Peterson, 1986). In the field of
mathematics education, mathematics related beliefs are considered to be one of the key
elements in the practice of teaching mathematics (Ernest, 1988). Hence, it is often
claimed that investigating beliefs is a critical issue in educational research (Kagan, 1992;
Pajares, 1992).

Although beliefs are considered to be important in educational research, a
common framework for their investigation is lacking (Pajares, 1992). There is no
consensus on the definition of beliefs in the field of education as researchers always come
up with new definitions for their studies (Pajares, 1992). Even in mathematics education,
researchers have different ideas about what constitutes beliefs (Furinghetti & Pehkonen,
2002). However, considering a mixed literature of anthropology and philosophy, Pajares
(1992) claims there is a general agreement that beliefs are formed through enculturation
and social construction. Similarly in psychology, beliefs are considered to store personal
experiences and episodes of cultural or institutional transitions (Abelson, 1979) or
inferences about self and contexts gathered from earlyAexperiences (Nisbett & Ross, 1980
as cited in Pajares, 1992). In the field of education, beliefs are considered to be a product
of a wide array of personal experiences (Schmidt & Kennedy, 1990).

The existence of multiple belief definitions in the literature (e.g., Furinghetti &
Pehkonen, 2002; Pajares, 1992; Thompson, 1992) makes it necessary to specify a
definition for the concept of beliefs in this study. The notion of beliefs as formed by

revious experience: erlies researc inservi 1d preservice teachers’ beliefs.
evious experiences underlies research about inservice and teachers’ belief:
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For example, Nespor (1987) claimed that experiences as a student impacted teachers’
practices in the classroom. Similarly, teacher education research generally concluded that
preservice teachers’ beliefs are mostly gained during their experiences as pre-college
students (Lampert, 1990; Schmidt & Kennedy, 1990). Building on this experience-driven
notion of beliefs, Sigel’s (1980, as cited in Pajares, 1992) definition of beliefs, which is
“mental constructions of experience — often condensed and integrated into schemata or
concepts” (p.351) where these constructions have a truth value and guiding function, is
employed for this study. This definition allows for the framing of the relationship
between preservice and inservice teachers’ beliefs and their previous experiences, as well
as their existing or future experiences. It also allows me to narrow down the belief
literature to the studies that explicitly considered belief as an experience-driven personal
construct, hence, forming a more consistent set of previous studies in order to support my
results.

Nisbett and Ross (1980, as cited in Pajares, 1992) claim that prior experiences
have a strong impact on final judgments, where these judgments are actually highly
resistant beliefs. This implies that beliefs gained through earlier experiences are not easy
to change, but those gained at the end of later experiences are perhaps more amenable to
change. Pajares (1992) points that there is a need to explore the impact of early
enculturation on the development of educational beliefs. Thus, I tried to see what kind of
early experiences affect preservice and inservice teachers’ mathematics related beliefs
and what part of new experiences have less impact on those beliefs.

Studying preservice and beginning (first-year teachers) is potentially problematic

because their beliefs are situated in a particular context. Teachers’ range of the beliefs is



mited by the
researchers” v

mvestigation

mestigate: s
and Inservice
also asked pa

asense of the

observe their

therr actua] pr

The r¢
mathemacs
052 that e
Pfepan'ng us
aulhommar
schoo) expe
Were learnin
d:m?fence W
dﬁﬁnmon o
Thls paniiu
Studenyg in.
mcl“d‘lng .

Con\»mced :



limited by the data gathering methods, the context that the beliefs are studied, and the
researchers’ views about beliefs (Wideen, et al, 1998). In order to have a more accurate
investigation of individuals’ beliefs, Rokeach (1968) suggests three types of evidence to
investigate: statements, intentions, and behaviors. In this study, I investigated preservice
and inservice teachers’ statements in the form of responses to my interview questions. I
also asked participants about how they would respond in certain teaching scenarios, to get
a sense of their intentions for different teaching situations and dilemmas. I was not able to
observe their behaviors in the classroom; however, I tried to encourage them to talk about
their actual practices and reasons for them.
My Motivation for the Study

The roots of this study go back in my high school education where I studied
mathematics through theorems and proofs for three years with the same teacher. He used
to say that he was not preparing us for the university entrance examination, but he was
preparing us for the midterm examinations at the university. His teaching was direct,
authoritarian, and included hardly any discussion, similar to my middle and elementary
school experiences in mathematics classrooms. However, the type of mathematics we
were learning was different than the mathematics taught at other high schools, a
difference which revealed itself clearly when my Calculus professor in college wrote the
definition of limit on the board and asked “Is there anyone who knows this definition?”
This particular definition was one most applicable to several proofs. Among the freshman
students in mathematics and mathematics education programs, only three students,
including me, raised their hands, all from the same type of high school. This episode

convinced me that I had a different view about the nature of mathematics than others. The
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nature of this difference, which was related to the idea of “proof,” was something totally
new for the other students.

My friends and I did not have any idea about ways of teaching and learning in
mathematics other than the teacher-centered practices from our own experiences. My
views about the teaching and learning of mathematics were challenged in pedagogical
content knowledge courses in college, especially when my group made a presentation
about co-operative learning. My views were, however, completely changed during my
Masters in Mathematics Education in Turkey since I had a different role, neither a
student, nor a mathematics teacher, but a teacher educator. As a graduate student, I had
the opportunity to read and discuss research and I conducted an experimental study on the
effect of collaborative teaching activities in a 5 grade mathematics classroom. I
observed that none of the teachers in my study taught by using different teaching methods
such as discovery or collaborative groups, or used different teaching materials such as
hands-on manipulatives, although the school had a great mathematics laboratory.

When I became a graduate teaching assistant in Turkey, I observed that many of
my students relied on study habits they had developed during university entrance
examination preparation. My students, who were preservice teachers, initially believed
that if they solved a lot of practice questions for an abstract algebra course instead of
studying and understanding the theorems, they would pass the course. However, it turned
out that solving a lot of questions was not an effective strategy in college level
mathematics.

My students were challenged similar to the way I was challenged for their views

about teaching and learning mathematics. In the early years of the program, they were
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challenged for their beliefs that characterized mathematics as a set of rules and
procedures and teaching and learning as a transmission process from teacher to the
students. Later, as they took more courses in the program, most of them were involved in
a process of change in their beliefs about the nature of, teaching, and learning
mathematics towards non-traditional beliefs. From time to time, I observed them as they
crafted fascinating ideas about how a mathematics classroom could look. However, these
preservice teachers were challenged in a different way when they started two semesters
of student teaching. I received many e-mail messages about how disappointed they were
because of not being taken seriously as a student teacher for their non-traditional ideas.
Thus, my students started to believe that what they had learned so far would not be useful
in the classroom.

My students and I were all products of the examination-oriented national
curriculum system in Turkey, which affected most of us all in similar ways during our
pre-college education. Now that we are teacher candidates, teachers, or teacher educators,
this system still influences us. My students had a chance to realize the nature of
mathematical knowledge and how it should be studied, taught, and learned during their
studies in the teacher education program. However, the impact of their training might be
less than expected. Four-year teacher education programs try to bring teacher candidates
to a world of mathematics education which they have never experienced as a student,
after 11 years of experience where they were taught in highly traditional ways. At the end
of their training in teacher education programs, we send our students back to their old

planet as a teacher with expectations that they will change their old practices. We
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generally do not hear from them anymore. The effectiveness of our teacher education
program on teacher candidates’ beliefs and practices remains uninvestigated.

In this study, I wanted to explore the effectiveness of teacher education programs
in Turkey in the area of mathematics related beliefs. I wanted to have an idea about how
experiences our students had in the past and in the teacher education program related to
their beliefs. Unfortunately, Turkish high school students do not generally know what
they will study in college due to the national examination system. High school students in
Turkey rank college-major pairs and they are placed in one of these pairs based on their
examination scores. Hence, reaching teacher candidates during their high-school
education is almost impossible. So I could not focus on pre-college experiences of
preservice teachers, but I was able to focus on their experiences in the teacher education
program and gather their reflections on the pre-college experiences.

Another major motivation for me was my future status after I complete my
doctoral studies. Since I am going to be a member of the faculty in the same department
where I worked before, I conducted this research to help me formulate my ideas about
how our program should be improved and which necessary steps should be taken in order
to challenge our students’ mathematics related beliefs. By analyzing factors impacting
their beliefs, I am hoping to target my students’ beliefs in a better way in my courses.

Goals and Outcomes of the Study

Driven by the literature and my personal motivation, I investigated preservice and
inservice (first-year) middle school mathematics teachers’ beliefs about the nature of,
teaching, and learning mathematics. In particular, I tried to determine how the

Elementary Mathematics Education program affects preservice and inservice (first-year)
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middle school mathematics teachers’ beliefs about the nature, teaching, and learning of
mathematics. The primary outcomes of the study are the current beliefs of preservice
middle school mathematics teachers studying in or graduated from the Elementary
Mathematics Education program, the effectiveness of certain courses on participants’
mathematics related beliefs, and the impact of the first year of teaching on program
graduates’ beliefs. Suggestions for the future practices of mathematics teacher education
in Turkey as well as future research paths will be an additional outcome of this study.

The dissertation is composed of eight chapters. In Chapter 2, I combine the
literature about the beliefs generally and preservice and inservice teachers’ mathematics
related beliefs, and document the need for this research in the field of education. Chapter
3 describes three frameworks which help in analyzing mathematics related beliefs of
preservice and inservice teachers and how I combined these three frameworks into one in
order to analyze the data of this study. The methodology used in the study, with
descriptions of the participants, contexts, instruments, and the procedures are given in
detail in Chapter 4. Chapter 5 reports preservice teachers’ mathematics related beliefs and
how the teacher education program impacted on their beliefs. In Chapt¢r 6, inservice
teachers’ mathematics related beliefs are described in detail while the factors influencing
their beliefs are described in Chapter 7. The discussion of the findings and the

conclusions of the study are presented in Chapter 8.
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CHAPTER 2

LITERATURE REVIEW

In this study, preservice and inservice (first-year) middle school mathematics
teachers’ mathematics related beliefs are explored and the possible impact of preservice
and first-year experiences are investigated. The study is derived from research on
teachers’ mathematics related beliefs, mathematics teacher education, and experiences of
beginning teachers. I narrow the literature review to the specific goals of the study in
order to provide major topics and important findings of research in the field. In particular,
I document (i) the importance and characteristics of teachers’ beliefs and mathematics
related beliefs, (ii) the impact of teacher education programs on preservice teachers’
beliefs in general and mathematics related beliefs in particular, and (iii) the influence of
first-year experiences on beginning teachers’ general teaching and learning beliefs and
specifically mathematics related beliefs.

There are different traditions in belief research. Although most studies investigate
beliefs through interviews about and observations of teaching, surveys are also employed
and written works are analyzed. In some of the studies, not only preservice or inservice
teachers are considered as participants, but also administrators and students are involved.
I describe data collection methods and instruments of the studies briefly in order to
provide better information about how the results are reached.

Research documents the nature and function of teachers’ beliefs and emphasizes
their importance in the classroom. Specifically, teachers of all grade levels hold certain

beliefs about mathematics and its teaching and learning. These beliefs are influenced by
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certain educational experiences that the teachers have been through, such as pre-college
education, teacher education programs, teaching experiences in the classroom, and
teacher development programs. Since my focus is on pre- and inservice (first-year)
teachers’ beliefs in relation to a specific teacher education program and the first year of
teaching experience, I will document studies conducted during the teacher education
program and initial teaching years.

One of the major areas of belief study is concerned with the impact of students’
beliefs on their learning and the relationship between teachers’ beliefs and students’
beliefs. Students’ beliefs about mathematics are considered to be the collection of their
beliefs about the classroom context, the self, and the ways they believe mathematics
education should be, and the nature, justification, sources, and acquisition of
mathematical knowledge in recent reviews (Muis, 2004; Op’t Eynde, de Corte, &
Verschaffel, 2002). Typically, elementary and secondary students believe that
mathematics is composed of basic arithmetic calculation and application of rules, which
cannot be learned alone and need confirmation from an authority (Lampert, 1990;
Stodolsky, Salk, & Glaessner, 1991). Students’ mathematics related beliefs are mostly
influenced by their teachers’ beliefs and practices (Carter & Norwood, 1997) and beliefs
are considered to have an impact on the way students learn mathematics, problem
solving, as well as on their motivation in the mathematics classroom (Kloosterman,
2002).

The relationship between teachers’ beliefs and students’ learning has multiple
non-linear aspects. Teachers hold several beliefs about the nature of the subject matter,

teaching, and learning. They have certain beliefs about how students learn the subject
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matter, how instruction in the classroom should occur, and how a teacher should interact
with the students in the classroom (Borko & Putnam, 1996; Thompson, 1992). These
beliefs influence teachers’ practices. For example, in Thompson’s (1984) study of
teachers with different mathematical beliefs, the teacher with more traditional view of
mathematics taught mathematics in more traditional ways whereas teachers with non-
traditional beliefs about mathematics emphasized the connected nature of mathematical
knowledge and tried to engage students in knowledge generation through several
teaching and learning activities. Similarly, teacher’s beliefs about students and how
students learn impact their teaching preferences and their communication with the
students (Calderhead, 1996). Therefore, teachers’ beliefs impact the way they consider
instruction in the classroom, which influences the way students learn and how they
consider instruction. Teachers’ beliefs also influence the ways they interpret experiences
with students in the classroom (Thompson, 1992). Although many studies address the
importance of investigating students’ beliefs and their relation to teachers’ beliefs, these
areas will not be explored here in order to focus on the preservice and beginning
mathematics teachers’ beliefs.

Several different beliefs such as beliefs about self-efficacy and self-esteem,
epistemological beliefs, and the beliefs about teaching and learning in the content area,
have been investigated in the field of education at different levels such as elementary
schooling and higher education, with different populations such as students, teachers, and
university professors. The present study is concerned with preservice and first-year
teachers’ beliefs about the nature of, teaching, and leaming mathematics. Thus, in this

chapter, I will review research on preservice and beginning teachers’ teaching and
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learning beliefs, and mathematics related beliefs with respect to impacts of preservice
education and initial years in the field. I borrow the term “beginning teacher” from
Veenman (1984) which he uses to refer to teachers in their first three years, in order to
address first-year inservice teachers. Although this study is about middle school
mathematics teachers and their beliefs, I will be referring to and discussing elementary
teachers, secondary teachers, and the general impact of teacher education programs and
first-year teaching on teaching and learning beliefs in order to provide a broad
perspective.

The notion and the definition of beliefs (experience-driven constructs) was
presented in the previous chapter. Hence, I continue with specifying teacher’s beliefs,
their characteristics, and importance. Then, I review the studies that document the impact
of teacher education programs on preservice teachers’ and preservice mathematics
teachers’ general teaching and leamning beliefs and on their beliefs about the nature of,
teaching, and learning mathematics. A review of how these beliefs are influenced by
experiences in the early years of teaching follows. While documenting preservice and
beginning teachers’ beliefs, I initially present the general findings of research reviews.
Then, I describe several studies in different contexts, with different interventions, or
different groups of participants. Finally, I summarize and discuss the literature separately
for preservice and beginning teachers, and address important research points or
implications for teacher education based on the studies reviewed.

Teachers’ Beliefs
Understanding the mental mechanisms behind teachers’ actions in the classroom

has been a challenging topic in educational research. The challenge emerges as a result of
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the nature of several interrelated personal constructs impacting teachers’ behaviors, such
as beliefs, attitudes, conceptions, emotions, and values. Among them, beliefs are not
easily observed or detected. Two teachers having the same teaching are likely to have
different beliefs underlying that teéching (Kagan, 1992).

Besides lacking sufficient observable indicators, beliefs do not have definitions
that people agree on, even when mathematics related beliefs are considered (Furinghetti
& Pehkonen, 2002). Moreover, the lines that distinguish beliefs from other personal
constructs are not well-defined. For example, while some researchers claim that
conceptions include beliefs (e.g., Thompson, 1992), other researchers consider
conceptions as a part of beliefs (e.g., Emest, 1989). Given the complicated nature of
beliefs, investigating teachers’ beliefs and their relation to teaching in the classrooms has
always been a challenge for educational researchers.

Characteristics of Teachers’ Beliefs

Understanding teachers’ beliefs is difficult because beliefs do not reveal
themselves easily. Rokeach (1968) claims that even when a person says that he or she
believes something, “he may or may not be representing accurately what he truly believes
because there are often compelling personal and social reasons, conscious and
unconscious, why he will not or cannot tell us” (p.2). Being in a complicated social
context of classroom, fellow teachers, and school, teachers may not claim what their
actual beliefs are. Although a single belief may not be identified easily, a collection of
beliefs is more likely to be detectable. This collection is often named as “belief system.”

Belief systems can be considered as cognitive structures' and be characterized as

dynamic and subject to restructuring when individuals evaluate their beliefs depending on
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their experiences (Thompson, 1992). Green (1971) identifies three dimensions of belief
systems depending on the relation of beliefs within the system. The first dimension is that
a belief is not independent of other beliefs and there is a quasi-logical structure in which
some beliefs are related to others with a relationship similar to that of reasons and
conclusions. There are “primary” beliefs, such as a teacher’s beliefs about the importance
of clarity in presenting mathematics to the students, and “derivative” beliefs, such as a
teacher’s beliefs about the importance of preparing lesson clearly and being ready to
answer the possible questions that students might ask. The second dimension is that
beliefs might vary in their degree of conviction with the other beliefs that are held in the
system. “Central” beliefs are the most strongly held ones where “peripheral” beliefs are
the ones that are most open to any change or examination. Green notes that beliefs may
be logically derivative, yet psychologically central. The third dimension is related to the
nature of the system: that beliefs are held in clusters and these clusters mostly exist in
isolation from each other. Clustered nature of beliefs makes it possible for one to hold
conflicting sets of beliefs. Ambrose (2004) gives an example of belief clusters of
creativity and mathematics. While a teacher may believe that students should be given
opportunities to be creative, he/she may connect this belief to his/her beliefs about art and
writing, but not to his/her beliefs about mathematics. Having creativity opportunities in
art and writing during childhood, but lacking similar experience in mathematics may be
effective in forming these clusters.

Similarly, Rokeach (1968) claims three assumptions about belief systems parallel
to Green’s (1971) identifications. In addition to identifying the importance of beliefs

within a belief system as central and peripheral, he describes more central beliefs as
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resistant to change. When a more central belief is changed, the impact will be wide in the
rest of the system, but a change in a peripheral belief will not impact the whole belief
system.

Since the nature of beliefs is necessarily subjective, beliefs and belief systems are
often considered different than knowledge and knowledge systems. Thompson (1992)
provides several distinctive features of beliefs and knowledge that are most relevant to
studying teachers’ beliefs depending on wide array of literature. She argues that beliefs
can have varying degrees of certainty. Although there are contradictory issues among
beliefs that people hold, knowledge is true and certain. Evaluation and judgment of
knowledge require certain norms of evidence and inquiry. However, beliefs lack such
evidence for their evaluation and also they often lack agreed upon criteria on which
beliefs can be evaluated or judged. These characteristics are parallel to what Abelson
(1979) addresses as distinguishing features of belief systems.

Pajares (1992) summarizes the function of beliefs at the end of his review about
teachers’ beliefs. Three important and related functions of beliefs seem to emerge from
the review. First, beliefs filter new information and experience due to their affective,
evaluative, and episodic nature (Abelson, 1979). Existing beliefs organize and define new
information gathered through learning and inquiry. Similarly, beliefs systems serve as a
base to recognize, categorize, and organize new experiences (Schiebe, 1970). Although
beliefs may be helpful in the organization of new experiences, they are mostly considered
as limiting factors, especially in teacher education. Second, epistemological beliefs
influence knowledge interpretation because they define, select, and filter cognitive

processes. Nespor (1987) claims that the ways domain specific knowledge is possessed
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and recalled for reconstruction are influenced by beliefs. Third, beliefs impact behavior
and perception but they also might misguide them. They help teachers in dealing with
complex situations in schools, and they aid in simplifying classroom life, identifying
goals, and directing them in particular problem situations. However, these beliefs may
not have clear logical relevance to real-world situations (Nespor, 1987).

Research indicates that teachers have several interconnected beliefs about the
subject matter they teach, how they should be teaching it, how it is learned, roles of
teachers and students in the teaching and learning process, and other educational issues
such as school contexts and general goals of education (Putnam, Heaton, Prawat &
Remillard, 1992). Since beliefs are experience-driven mental constructs, experiences with
the subject area, previous teachers, and students during their pre-college, preservice, and
inservice years are considered to impact their beliefs. Teachers use these beliefs while
organizing their practices. What teachers believe about the nature of knowledge, skills,
and reasoning in a content area affects the way they determine the concepts to be taught.
The way teachers teach the concepts is influenced by how they believe teaching should
occur in the classrooms. And finally, teachers’ beliefs about ways of leaming concepts in
a particular content area impact the learning activities they design for students. Thus,
having been influenced by their beliefs, teachers’ practices affect the way students
experience the content area, develop an idea about teaching, and what and how they
learn. These experiences influence their students’ beliefs.

The complicated chain reaction of “teachers’ beliefs impacting their practices
which influence students’ beliefs” becomes a circle when preservice teachers start the

teacher education programs bringing their beliefs from pre-college years. Educational
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research focused on each of the links in this circle in order to explain the complex nature
of teaching and leaming in classrooms. Research showed that each link is not composed
of a simple cause and effect relationship, but of several factors and contexts interacting in
complex ways (Raymond, 1998). How preservice teachers’ beliefs, which are mostly
maintained from pre-college education, impact the extent they benefit from the teacher
education program experiences and how beginning teachers’ practices in the classroom
are influenced by their preservice beliefs, experiences, and the contextual factors will be
reviewed here mostly in the field of mathematics education.
Preservice Teachers’ Beliefs: The Impact of Teacher Education

Preservice teachers come to teacher education programs with certain beliefs about
mathematics and its teaching and leaming (Cooney, 1999). They generally believe
mathematics to be a static body of knowledge, which is learned by memorizing facts,
principles, formulas, and procedures from a teacher who demonstrates them and controls
their correctness (Wilcox, Lanier, Schram, & Lappan, 1992). A closer analysis shows that
assumptions about knowing mathematics in most classrooms are shaped by pre-college
experiences “in which doing mathematics means following the rules laid down by the
teacher; knowing mathematics means remembering and applying the correct rule when
the teacher asks a question; and mathematical truth is determined when the answer is
ratified by the teacher” (Lampert, 1990, p.32, italics in original). For example, preservice
teachers from both elementary and secondary majors generally believe that to know
something in mathematics means to remember rules and to use the standard procedures

without difficulty (Ball, 1990).
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Wideen et al. (1998) claim that “the story of how beginning teachers experience
programs of teacher education begins with who they are and what beliefs they bring to
preservice teacher education” (p.141). Preservice teachers’ experiences in the teacher
education programs are filtered and shaped by their existing beliefs (Pajares, 1992),
mostly causing less impact of these programs on the preservice teachers than expected
(Nespor, 1987). Commenting on Schutz’s (1970) work on professions such as medicine
and law whose students are almost new to the medicine and law teaching contexts,
Pajares (1992) claims that preservice teachers are insiders in teacher education and they
do not need to reformulate the context of teacher education as a new student. They are
not shocked by the people, classroom, and practices in the teacher education programs
and they do not tend to change their beliefs despite the (relatively) new information and
experiences.

There are conflicting views on whether preservice teachers’ beliefs can be
changed or not since beliefs are resistant to change (Kagan, 1992). The impact of teacher
education program experiences such as a course or a series of courses (e.g. educational
psychology, methods of teaching mathematics) and student teaching on preservice
teachers’ beliefs have been investigated in different content areas. Some experiences are
found to be effective especially when they target preservice teachers’ beliefs. However,
some courses do not result in change in beliefs in the way or extent that researchers
expect, even when the courses are designed specifically to change the beliefs. Examples
of studies with different levels of impact are given here.

Change in preservice elementary teachers’ beliefs about pedagogical and

mathematical content knowledge and whether these beliefs influenced their instructional
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practices were investigated by Foss and Kleinsasser (1996). In a 16-week mathematics
methods course including teaching three lessons in primary schools, 22 preservice
elementary teachers and the instructor of the course were observed in the course. They
were interviewed in the beginning, middle, and end of the course, and were administered
surveys to investigate their mathematics related beliefs. The course, which was based on
constructivism and discovery, was not designed by the researchers but it was observed for
its impact on the beliefs. The study showed that the preservice teachers’ beliefs about
mathematical knowledge did not change through the course. Preservice teachers mostly
mentioned computation, solving problems, manipulation of numbers, theories, and
equations depending on their personal history and beliefs, but not reasoning and
creativity which were emphasized in the course. Preservice teachers characterized good
mathematics teachers as providing fun and enjoyment in the classroom while decreasing
students’ mathematics anxiety and promoting learning. Preservice elementary teachers in
this study mostly disregarded their methods course experiences and described their future
teaching as a collection of drill and memorization with limited use of textbooks and
worksheets where they would build concrete relationships to daily life. They would
employ group work from time to time, but mostly would depend on what they had
experienced and observed as a student in pre-college education. They believed that
students could learn mathematics when they had a certain type of mind.

As a result of their study, Foss and Kieinsasser (1996) claimed that it would be
difficult to change preservice elementary teachers’ beliefs about pedagogical and content
knowledge of mathematics by a methods course. Preservice teachers still relied on their

prior beliefs and personal experiences while formulating their new experiences in the
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teacher education program. They concluded that preservice teachers’ mathematics related
beliefs affected their teaching practice but did not promote it. They suggested that teacher
education and mathematics teaching research should consider moving preservice
teachers’ mathematics related beliefs to a conscious level.

How preservice teachers’ beliefs would change in an introductory teacher
education course which was designed to make preservice teachers examine and reflect on
their own beliefs, was investigated by Anderson and Bird (1995). They conducted
interviews in the beginning and end of the semester and analysis of written responses to
the tasks and video cases (teaching writing, social studies, and mathematics) presented in
the course. Among 31 students in the class, the researchers presented the case of three
students whom they believed represented the beliefs of the rest of the participants. Even
when an unfamiliar “eye-opening” video case was presented to preservice teachers, they
mostly interpreted it within their beliefs about teaching so that the case did not look
unfamiliar. They filtered the ideas presented in video cases and related papers through
their beliefs. Preservice teachers in this study extracted what they expected to see from
these examples instead of reflecting on own teaching beliefs through them. The
researchers argued for the need for pedagogical content knowledge of teacher education
where teacher educators should consider the interaction between the individual student
and specific materials and activities of teacher education. They concluded that when
teacher educators decide to use video cases in order to help preservice teachers examine
their beliefs, they should consider (i) the history of the cases, emphasizing their

difference from traditional cases; (ii) accompanying texts and assignments in which

24



i
preservice teachi

teachers’ perccp‘.l
Joram ar.
targeted preseny:

identified a total

leaming: (1) teac!

experience in thd
model, (111} teack
students would |
used metaphors
mplemented .
end of the cour.
whether theyr b
tourse. Resy |y
&lually hag a

Some impacl ]
lrgeted throy

Smdents and E

MOSI |
epistemobgi(

conduqed by



preservice teachers would use the targeted experiences and ideas; and (iii) preservice
teachers’ perceptions of their roles as teachers more carefully.

Joram and Gabriele (1998) describe an educational psychology course which
targeted preservice teachers’ beliefs and had an impact on them. The researchers first
identified a total of four beliefs about teacher education experiences, teaching, and
learning: (i) teacher education courses would not be that relevant when compared to the
experience in the field; (ii) teaching could be learned by considering past teachers as a
model; (iii) teaching and learning in the classroom would not be a problem; and (iv)
students would learn easily when classroom management would maintained. Then, they
used metaphors and analogies in order to target these beliefs. The researchers
implemented a survey with some open-ended questions both in the beginning and at the
end of the course to a total of 53 students. Moreover, they asked the preservice teachers
whether their beliefs about teaching and learning had changed since the beginning of the
course. Results showed that when preservice teachers felt a change in their beliefs, they
actually had a change. Thus, the course designed to target preservice teachers’ beliefs had
some impact on their beliefs. They concluded that preservice teachers’ beliefs should be
targeted throughout the program courses so that further changes would occur with more
students and greater impact.

Most recently, a similar intervention that targeted preservice elementary teachers’
epistemological beliefs about mathematics, and teaching and learning in mathematics was
conducted by Gill, Ashton, and Algina (2004) in order to investigate effective ways of
instruction that influenced beliefs. The researchers prepared a total of eight mathematics

teaching scenarios, four representing constructivist teaching and the other four
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representing procedural teaching, in order to understand preservice teachers’ implicit (not
depending on self-reports) epistemological mathematics beliefs. They used these texts for
the experimental group and asked the preservice teachers to rate the excellence of
teaching, while they implemented the traditional texts for the control group in a child
development course. A total of 161 preservice teachers attended to the course. They also
implemented an epistemological mathematic beliefs survey and a general epistemological
survey to both experimental and control groups to investigate their explicit (relying on
self-report) beliefs. At the end of their intervention in which they activated and
challenged beliefs, the researchers were able to increase preservice teachers’ awareness
of their epistemological beliefs. The logical counter-arguments they proposed to
preservice teachers’ beliefs persuaded a change in those beliefs, consistent with the goal
of the intervention. The researchers concluded that the general epistemological beliefs
might be a good place to start to develop the type of mathematics related beliefs that
teacher educators would like to promote.

Many studies report no change in preservice teachers’ beliefs because most of the
study participants did not change these beliefs. Nettle (1998) claimed that when there
seemed to be no impact of teacher education programs on preservice teachers’ beliefs,
there was actually some impact which was often underestimated. Nettle investigated the
stability and change in 79 preservice elementary teachers’ beliefs about teaching in
relation to a 3-week period of student teaching. Comparison of pre- and post-
questionnaires showed that majority of participants maintained their beliefs about
teaching after practice teaching, most probably due to the impact of their prior beliefs.

However, there were changes in some of the participants’ beliefs. The change occurred in
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preservice teachers’ beliefs, as affective oriented teaching (such as prioritizing motivation
and interpersonal relations in learning) moved towards more task oriented teaching (such
as prioritizing students’ active involvement and structuring of learning to complete a
task). Nettle discusses that instead of interpreting the stability as an indication of the
ineffectiveness of teacher education programs, considering it as a part of the process of
development of preservice teachers’ beliefs would be a better approach in research.

Ambrose (2004) and her research team investigated the impact of early
experience on preservice teachers’ beliefs. They identified several beliefs that they hoped
preservice teachers would develop and conducted an experimental methods course in
addition to a content course in which 15 preservice teachers attended and worked in pairs
closely with elementary school students. The results of interviews, surveys, preservice
teachers’ written works and field notes showed that the intense experience of teaching
mathematics to an elementary school student and reflection on this practice was partly
successful in helping preservice teachers to develop new beliefs. Yet, most of the
preservice teachers maintained their beliefs that teaching mathematics is explaining
everything to the students instead of giving them opportunity to think. Preservice teachers
also believed that mathematics learning would be attainment of symbolic procedures.
Ambrose concluded that preservice teachers maintain their prior beliefs while forming
the new ones. Depending on the effectiveness of the teacher education experiences, these
prior beliefs might become less central as preservice teachers progress through the
program. The key to effectiveness, in this case, was the intense experience with

elementary school students accompanied by reflection.
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In the six studies described in detail above, the first three studies (in the order they
appear: Foss & Kleinsasser, 1996; Anderson & Bird, 1995; Joram & Gabriele, 1998; Gill,
et al, 2004) investigated the impact of a single course over one semester. Nettle (1998)
investigated the impact of 3 weeks of practice teaching on preservice teachers’ beliefs
while Ambrose (2004) conducted a semester-long course in which preservice teachers
integrated a content area course and intense teaching practice. Although these
interventions were carefully designed, even the semester-long course is a relatively short
time period, compared to the 4 or 5 year period of teacher education programs.

Single course interventions might be found to be successful in changing
preservice teachers’ beliefs, but what part of changed beliefs is maintained at the end of
the teacher education programs and carried to the initial years of teaching is rarely
addressed in belief studies. Research indicates that inservice teachers generally depend on
their pre-college content knowledge and beliefs in the first few years of real-classroom
teaching (Feiman-Nemser, 2001), where their beliefs are likely to limit their classroom
practice (Cooney, 1985). Hence, the impact of interventions on preservice teachers’
beliefs might not be long enough to serve them through their initial years in teaching.

In order ;o have better and longer impact on preservice teachers’ beliefs,
interventions should be consistent through the program courses, as Joram and Gabriele
(1998) claim. However, they also address two related factors that underlie the difficulty
in changing preservice teachers’ beliefs about teaching and learning through teacher
education programs. First, preservice teachers’ beliefs are reinforced through observing
other teachers and their own teaching experiences. Practices that might challenge their

beliefs are mostly not present in the context of everyday practice. Second, there is a lack
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of feedback in the context of teaching and learning which would convince preservice
teachers to change their beliefs. Hence, preservice teachers tend to evaluate their own
practice teaching through their existing beliefs about teaching and learning, which is not
likely to lead to belief change.

In three of the studies described above (in the order they appear: Anderson &
Bird, 1995; Joram & Gabriele, 1998; Gill, et al, 2004) researchers planned the courses in
order to challenge and influence preservice teachers’ beliefs. Wideen et al. (1998) suggest
that if teacher education programs are designed considering teacher candidates’ beliefs,
they will be more productive in promoting learning to teach. Wideen et al. address the
first step in this process by making preservice teachers reconsider their own beliefs.
Although both the Anderson and Bird (1995) and Gill et al (1998) studies were based on
this idea, the impact was limited, especially in the Anderson and Bird study. This might
suggest the need for more careful planning including feedback or counter-arguments for
preservice teachers’ beliefs, similar to what was done in the Gill et al. study.

In summary, preservice teachers’ beliefs are considered as very important factors
in designing and providing conditions and opportunities in teacher education programs
that allow for the transfer of knowledge and skills from preservice experiences to the
inservice experiences (Cooney, 1985). However, preservice teachers’ existing images of
teaching and learning at schools decrease the impact of teacher education programs and
make it difficult for the teacher educators to estimate the impact of their programs.
Although reflection is a key in inducing change in beliefs during preservice education, it
is also known that it is very difficult to convince preservice teachers to examine and

change their own beliefs and there is always a tendency to filter the new experience based
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on the existing ones (Pajares, 1992). Hence, it is often suggested that teacher education
should be based on preservice teachers’ beliefs, not in the sense of changing them, but
building on them (Ambrose, 2004; Wideen, et al, 1998).
Beginning Teachers’ Beliefs: The Impact of Real School Contexts

Beginning teachers start to teach in schools with their preservice trainings and
beliefs as reference points. Even though they have some teaching experience as a student
teacher, beginning teachers have full responsibility for teaching one or more courses for
the first time. They have to deal with two main assignments as a teacher: to teach, which
they have been hired for, and to learn to teach. However, the latter in particular requires
time, effort, and resources which beginning teachers mostly lack (Wildman, Niles,
Magliaro, & McLaughlin, 1989). As studies showed that teacher education has limited
impact on preservice teachers’ beliefs, what beginning teacher can draw upon is mostly
reduced to their student teaching experiences and beliefs from pre-college years. These
preexisting beliefs are more central and more influential on their practice compared to
some beliefs gained during the teacher education. Moreover, beginning teachers do not
realize the difficulty of simultaneously dealing with various factors and actors such as
students, curriculum, parents, and administrators, until entering the school contexts
(Flores & Day, 2006). The nature and causes of these difficulties are described here
because of their relation to beginning teachers’ beliefs carried to the initial years.

Veenman (1984) gives a comprehensive review and analysis of studies about
beginning teachers’ perceived problems. He defines beginning teachers to be teachers in
their first three years and investigates the nature of and reasons for the “reality shock”

and changes in attitudes and behaviors of beginning teachers. In reviewing the studies
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from different countries, he identifies difficulties that appear while beginning teachers try
to carry out the tasks. These difficulties are likely to cause delays in the goals of
beginning teachers.

“Reality shock™ is the term used to address the “collapse of the missionary ideals
formed during teacher training by the harsh and rude reality of everyday classroom life”
(Veenman, p.143, 1984). Although the term suggests a short time period, beginning
teachers’ reality shock is continuous and takes longer time. Similarly, Wideen et al.
(1998) reviewed empirical studies about learning to teach and documented that beginning
teachers experience reality shock in their first-year of teaching, especially when they are
not sufficiently prepared to teach. Reality shock reveals itself through change of behavior
and change of attitudes. Beginning teachers are likely to change their teaching even when
it contradicts their beliefs, due to external pressures. When beginning teachers’ practices
change from progressive teaching to traditional teaching, their attitudes and beliefs
change in the same direction as well (Miiller-Fohrbrodt, Cloetta, and Dann, 1978, as cited
in Veenman, 1984).

In summarizing several studies, Veenman (1984) claims that the process of
becoming a begining teacher starts with a rather traditional period of instruction as pre-
college students, continues with a relatively progressive period in a teacher education
program, and is followed by a powerful reformulation of beliefs and attitudes towards the
traditional ones. He cautions that the progressive period may be the general impact of the
university rather than the teacher education program. Moreover, the impact of the
progressive period is likely to differ by personality, nature of the subject matter, teacher

education period, and the conditions in the schools. When beginning teachers have more
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contradictions between their ideals developed through teacher education programs and
the reality of the schools, they tend to develop authoritarian attitudes and beliefs.

The impact of the teacher education courses on beginning teachers decreases as
they have more experience at school, where structure of schools, administrators, and
students are more likely to exert an impact on beliefs, as Veenman (1984) reports. He
addresses several problem areas of beginning teachers’ that are most seriously perceived.
The most mentioned ones, classroom discipline, motivating students, and dealing with
students’ individual differences, are related to the interaction between the teacher and the
students. Similarly, Wildman et al. (1989) point to students, colleagues, school context,
and parents as major sources of influence on the socialization of beginning teachers,
where their existing beliefs about these populations often contradict with their
experiences, especially in the case of beliefs about and experiences with students.
Examples of studies documenting the impact of contextual factors on beginning teachers’
beliefs and experiences are reported here.

In a study conducted by Wilcox et al. (1992), the impact of a series of three
mathematics courses on number theory, geometry, and probability and statistics, a
methods course, and a curriculum seminar on preservice teachers’ knowledge and beliefs
was investigated in the last two years of teacher education program and the first year in
teaching. The courses were developed to give more conceptual knowledge to the
preservice teachers about mathematics and teaching and learning mathematics. Data
included field notes and videos of mathematics courses and audio recordings of small
group work in the mathematics content courses and questionnaires, and samples of

preservice teachers’ works. Among the 23 preservice teachers, three were selected for
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more intensive study and were interviewed and observed during their first year of
teaching.

The three beginning teachers in the Wilcox et al. (1992) study had several beliefs
about the nature, teaching, and learning mathematics as a result of their previous
experiences as a student and their preservice education. Although participants had similar
responsibilities such as providing learning activities, creating mathematical tasks, and use
of instructional time, they responded to these responsibilities in different ways due to
their beliefs. These beliefs were about mathematical knowledge, effective ways of
mathematics teaching, and the extent that they viewed the context as limiting their
teaching. Moreover, there were contextual factors such as time, curriculum guides in their
district, and expectations of other teachers and supervisors. These factors had less
influence when the participants had a well-established set of beliefs. In one case, a
teacher did not have a definite set of beliefs, which made her accept other teachers’ ideas
and not evaluate their appropriateness for her goals. These other teachers’ practice
differed along several dimensions, including the extent to which teachers engaged
students in problem solving, provided more exercises, or made mathematics classroom
more interesting through different tasks without considering their connectedness. The
researchers concluded that even providing preservice teachers with non-traditional
models of mathematics teaching and learning integrated with their content knowledge
courses might not be sufficient to develop knowledge and beliefs about teaching other
than knowledge transmission. They suggested that the contextual factors existing in

schools where they teach as beginning teachers and how these factors challenge newly
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formed orientations toward teaching and learning should be considered by teacher
educators.

The limiting impact of contextual factors on beginning teachers’ beliefs and
practices is reported in several studies. Raymond (1997) conducted a study in which she
investigated beginning elementary teachers’ mathematics related beliefs, major factors
impacting their beliefs and mathematics teaching practices, and the degree of consistency
between the beginning teachers’ beliefs and practices. She worked with six beginning
teachers who were graduates of the same teacher education program by conducting
interviews, classroom observations, analysis of written samples, and questionnaires.

Among these beginning teachers, Raymond (1997) focused on one with
traditional mathematics beliefs and non-traditional learning and teaching beliefs about
mathematics. Her traditional beliefs about mathematics characterized mathematics as a
collection of numbers, facts, and rules that should be memorized. She ﬁad non-traditional
beliefs about teaching and learning. For her, teachers should provide students with
activities, manipulatives, and different views. Students could learn through discovery,
reasoning, and working in groups. Although her beliefs about teaching and learning
mathematics were mainly non-traditional and student-centered, her teaching practice was
teacher-centered. She depended on questioning rather than discovery where students were
quietly following her teaching. She did not use manipulatives during her teaching and she
evaluated students’ learning through their correct answers on tests and homework. This
participant taught in traditional ways inconsistent with her non-traditional beliefs about

teaching mathematics.
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In explaining these inconsistencies between her beliefs and practices, the
participant addressed time concerns, lack of resources, the pressure of standardized
testing, and students’ behaviors as possible reasons. Among them, she ranked time
concern and classroom managemeht as the major causes of inconsistency. Raymond
(1997) claimed that since contextual factors put pressure on the participant, she had
inconsistencies between her non-traditional beliefs and traditional practices. More
generally, beginning teachers in this study claimed that the impact of preservice
experiences on their teaching practice was negligible and the relationship between their
beliefs and preservice training was moderate. Moreover, they indicated that pre-college
experiences were the major factor influencing their beliefs about the nature of
mathematics, while their teacher education and student teaching experiences were the
major factors impacting their beliefs about teaching and learning. The results of this study
showed that even when beginning teachers have non-traditional beliefs about teaching
and learning, they inclined towards traditional practices due to the contextual factors,
which was mentioned by Veenman (1984). Raymond concluded that teacher education
programs would have more indirect impact on teaching practice of beginning teachers if
they were designed to influence preservice teachers’ beliefs.

The factors beginning teachers face when they start teaching seem almost
universal. Recently, similar results were found in Portugal with 14 beginning teachers in
a study by Flores and Day (2006). The researchers investigated the ways beginning
teachers’ identities were shaped and reshaped during the first 2 years of teaching. Most of
the participating teachers were in rural contexts, teaching middle school and high school

courses in areas such as physics, chemistry, biology, mathematics, music, and language,
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with additional school duties. Through semi-structured interviews, questionnaires
implemented to all staff and students in the school contexts participants taught, students’
essays about the change in their (participant) teachers, beginning teachers’ annual formal
report, and their reflections about own practice, three main factors were found
influencing beginning teachers’ identities. They are (i) prior experiences as pre-college
students; (ii) preservice training and student teaching practices; and (iii) teaching
contexts.

The participants considered their former teachers as role models when they
viewed themselves as teachers. They expressed the influence of their teachers and how
their observations of these teachers helped them in responding to several practical
situations. Teacher education programs had a relatively weak impact on the way
participants viewed themselves as teachers because teaching was not the first profession
choice of most of the participants. Beginning teachers believed that the teacher education
programs did not prepare them sufficiently for the complexity of school teaching and
they experienced a disparity between their ideals as a preservice teacher and the
classroom reality. When they considered their teaching contexts, they addressed a
mismatch between their initial beliefs about teaching and the roles they were expected to
assume as beginning teachers. Initially, classroom management was a problem for the
beginning teachers. Classroom management concerns made them incline towards teacher-
centered practices even though their initial beliefs were not teacher-centered, a finding
which Raymond (1997) also addressed. Some of the participants revisited their beliefs
about teaching and teacher identity as a result of the contradiction between what they

experienced and what they actually wanted to experience in the classroom. Although they
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initially mentioned responding to students’ learning and using various teaching methods
(e.g. discovery, manipulatives, group work) as characteristics of good teachers, their
actual teaching did not model these beliefs. Despite the impact of previous experiences
on beginning teachers’ beliefs about their teacher identity, the impact of teaching
contexts was the key in reshaping these identities. Flores and Day (2006) study showed
that previous experiences, teacher education programs, and teaching contexts were the
factors in construction, deconstruction, and reconstruction of beginning teachers’
professional identities.

The studies about beginning teachers summarized above showed that beginning
teachers have to deal with contradictions between their prior beliefs and the constraints of
the real teaching contexts. They have several survival concemns such as classroom
management, students’ learning, building relationship with the students, limitations of
teaching contexts, availability of resources, and effective use of time (Fuller & Brown,
1975, as cited in Veenman, 1984), that they have to deal simultaneously. Among them,
classroom management seems to be the most important problem. Even whén beginning
teachers };ave non-traditional or mostly student-centered beliefs about teaching and
learning, they tend to perform teacher-centered practices in order to maintain classroom
order. Drawing from his study on inservice development programs Guskey (1986, as
cited in Pajares, 1992) indicates that change in behavior is not a result of change in
beliefs, but is a cause for belief change. Hence, it is likely that beginning teachers’
teacher-centered practices may result in teacher-centered beliefs as they become more

experienced in the field.
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Personal history seems to play an important role in the way beginning teachers
make sense of real teaching contexts. They start teaching with generally well-established
beliefs about their roles, students’ roles, and the way content should be considered.
However, personal history often contradicts the cultural contexts of schools. Preservice
and beginning teacher research has concluded that there is a need for an approach in
teacher education programs by which preservice teachers with different beliefs will
realize the complicated nature of classroom and school contexts and understand that these
contexts will vary even in the same school (Holt-Reynolds, 1992). Opportunities to
experience and reflect on personal biography and the contexts of schools may help
beginning teachers deal with possible contradictions better (Flores & Day, 2006).

Studies focusing only on teachers’ initial years, such as Flores and Day (2006)
and Raymond (1997) provide valuable information for teacher induction and teacher
education. In the case of the Flores and Day study, participants’ students, peers and
school administrators were considered as a source of information for investigating
beginning teachers’ difficulties in the field. However, the preservice experiences of
participants in these two studies remain unexplored. Hence, inferences made for
participants’ beliefs gained during preservice education and for the interaction of these
beliefs with contextual factors in teaching lack information about the nature of
experiences underlying these beliefs. Research that comprises both preservice and initial
years of teaching and investigates changes in preservice teachers’ beliefs through the
experiences in both preservice and inservice contexts, such as Wilcox et al. (1992) study,
would inform research and practice in both teacher education and teacher induction,

processes that should be a continuum (Feiman-Nemser, 2001).
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Summary and Conclusions

Research on beliefs shows that preservice teachers’ beliefs about teaching,
learning, and content are generally resilient to change. Research on the impact of teacher
education documents that even when the interventions were carefully designed to change
preservice teachers’ beliefs, several factors reduced the impact of these interventions.
Among these factors, the most important ones were preservice teachers’ pre-college
beliefs and their overall perception that teacher education programs are not effective in
learning how to teach. Moreover, any changes that might have occurred in preservice
teachers’ beliefs during time in teacher education programs did not persist beyond the
beginning years. Contextual factors such as classroom management and students’
differences generally did not provide opportunities for beginning teachers who had non-
traditional beliefs to maintain those beliefs and conduct practice reflecting them.

As this review suggests, the research literature on teachers’ beliefs still has
missing pieces or uninvestigated areas. First, beliefs of teachers in the Turkish
educational context, which has several features that are different from the educational
context of the U.S., has not been extensively explored yet. Among the contextual
differences, the first one is the informal teaching (which will be explained in the Methods
chapter) that preservice teachers in Turkey are generally involved before they graduate
from teacher education programs. Unlike in the U.S., preservice teachers in Turkey often
have considerable teaching experiences when they start to teach full-time. Second,
teacher education programs in Turkey do not involve an internship year. The internship
period is the first year of teachiﬁg in Turkey and it is independent of the teacher

education programs at universities. Although there are mentor teachers ostensibly
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sponsible for monitoring beginning teachers, most beginning teachers do not even meet
eir mentors. Elementary school teachers (including content area teachers for grades 6-8)
¢ inspected every year by the Ministry of National Education. Beginning teachers’
sson plans and practice are generélly evaluated only by the inspector, without any
revious monitoring or reflection that a mentor could have provided. Finally, there is a
ational curriculum to follow strictly which does not always address the students’ needs
1d presents teachers with the dilemma of responding to students’ needs or keeping the
irriculum pace (Yildirim, 2001). Thus, the national curriculum and related informal
lucational contexts frame preservice and beginning teachers’ experiences in pre-college
ars, teacher education programs, and initial years in teaching in Turkey.

Most of the studies described here were conducted in the U.S., which is extremely
fferent from Turkish context in terms of the structure of teacher education programs
1d schooling. Hence, the findings of previous research about preservice and beginning
achers’ mathematics related beliefs cannot be considered to have strong implications
r Turkey. Therefore, there is a need for Turkish studies in order to investigate
reservice and beginning teachers’ mathematics related beliefs in preservice training and
ational curriculum context. Such studies will address both universal themes in and
ntextual factors for belief research.

A second unexplored area in the research literature on beliefs concerns the effect
f the national curriculum on teachers’ beliefs. Teachers’ beliefs are not generally
ldressed in studies conducted in national curriculum contexts. National curriculum
ontexts are mostly studied in terms of student learning (e.g., Strand, 1997), teachers’

ractice (e.g., Silcock, 1992), and issues appearing as a result of policy change such as
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assessment (e.g., Gipps, 1992). Moreover, a national curriculum is perceived as helpful
for the beginning teachers in dealing with difficulties such as effective lesson planning,
classroom management, and employing suitable pedagogical approaches (Kauffman,
Johnson, Kardos, Liu, and Peske, 2002). However, to what extent this help is present in
the national curriculum context and how the context impacts and interacts beginning
teachers’ beliefs have not been addressed yet.

As third area that is not represented in the literature, existing research also
indicates a need for extended scope in investigating the change or development of
téachers’ beliefs. Belief studies generally focus on relatively short periods of teacher
education process or initial years while describing preservice and beginning teachers’
beliefs and investigating factors impacting them. However, these snapshots of beliefs do
not explore their developmental process, how they were shaped, and what impacted the
process. Longitudinal studies investigating beliefs of preservice and beginning teachers
are rare in the field of education, leaving the impact of different experiences gained at
different periods unexplored. Thus, there is a need for investigating the development of
teachers’ beliefs beginning from early years in the teacher education programs through
their initial years as a teacher. Such research will address critical issues for teacher
educators in designing interventions that start from preservice years and continues
through the initial years.

The inconsistencies among the data analysis procedures in belief research present
a fourth missing piece in the belief literature. Belief research presents a problem of
subjectivity due to the nature of beliefs. Many belief studies investigate teachers’ beliefs

through interviews which are analyzed without any definite framework. Moreover,
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researchers generally do not present the degree of consistency of basic assumptions, such
as definition of beliefs and modes of inquiry, across the studies from which they derive
beliefs for their own studies. Thus, data analysis is based on the beliefs researchers derive
from the literature, depending on what they believe to be important and the degree they
consider consistency. A similar risk of poor data analysis exists in studies where
researchers derive codes from their data where data is influenced by data collection
methods and derived beliefs are influenced by researchers’ decisions. This shows that
researchers generally use subjective data analysis tools to infer teachers’ beliefs from
verbal data, which is likely to produce inconsistent results when used by other
researchers. Thus, there seems to be a lack of a common framework in belief research
that would provide more consistent and less idiosyncratic analyses of teachers’ beliefs.
The lack of framework also limits the results of belief research across different
educational contexts or different groups of teachers.

Considering previous studies’ findings and missing pieces of this literature,
preservice and first-year teachers’ mathematics related beliefs were investigated through
a cross-sectional analysis of the impact of a teacher education program in Turkey and a
longitudinal analysis of the impact of first-year teaching. The present study addresses and
contributes to studies about inservice and preservice teachers’ beliefs in several ways.
First, it investigates year level differences in preservice teachers’ mathematics related
beliefs through the teacher education program. As documented previously, the existing
literature investigated the influence of short interventions, but did not investigate the
overall impact of teacher education programs through the years. The present study

addresses a more comprehensive investigation of the teacher education program through
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the year level groups. Second, this study explores the impact of first-year teaching on
inservice teachers’ mathematics related beliefs by investigating their beliefs at the end of
the teacher education program and at the end of the first year. The existing literature has
few studies which explore beginning teachers’ beliefs before and after their first-year
teaching. Hence, the present study will contribute to this rarely explored area by
investigating first-year teachers’ beliefs when they graduate from the teacher education
program and after the first year of teaching. Third, the present study investigates
preservice and inservice teachers’ beliefs in a national curriculum context. As mentioned
previously, studies in national curriculum contexts were mostly on students’ learning
instead of teachers’ mental processes. Thus, their impact on teachers’ beliefs has not been
extensively explored yet. And finally, the present study employs a theoretical framework
as the data analysis tool in order to have more consistent results. Unlike the previous
studies investigating teachers’ beliefs by deriving beliefs from the literature or codes
from the data, the study employs a comprehensive framework with consistent empirical
and theoretical fundamentals. The framework, which will be explained in the next chapter

in detail, is potential contribution to the belief research literature.
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CHAPTER 3

A COMBINED FRAMEWORK OF MATHEMATICS RELATED BELIEFS

In this chapter, the framework that was used to analyze the data (interview
transcripts of preservice and inservice teachers) in this study is described in detail. This
framework integrates three similar models of teachers’ mathematics related beliefs
proposed by Thompson (1991), Lindgren (1996), and Emest (1989).

As mentioned previously, prior research has problems with inconsistent data
analysis frameworks where the assumptions underlying these frameworks are often
ignored and data analysis tools are highly subjective in nature. Moreover, belief studies
do not tend to use existing data analysis frameworks, but provide more to the high
number of existing frameworks. A contribution of this study is a combination of three of
frameworks derived from the literature considering the consistency across their
assumptions. In other words, a major problem in belief research is eliminated in this
study by recycling existing consistent frameworks.

Thompson’s Framework

Thompson (1991) claims that teachers’ conceptions of mathematics are affected
by personal previous educational and instructional experiences and the way these
experiences were interpreted and internalized by the teachers. She uses “conceptions”
instead of “beliefs” but she also claims elsewhere that the difference between these two
concepts might not be drastic (Thompson, 1992). She formulizes conceptions as bi-
products of experiences (Thompson, 1991), which is the way beliefs are considered in

this study. Thus, the conceptions she addressed will be considered as beliefs as well.
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She proposes a framework for investigating and analyzing the development of
teachers’ conceptions of mathematics teaching. This framework is developed using the
results of her five-year work with seven preservice and five inservice teachers. Thompson
(1991) claims that the framework documents what she has observed as a “fairly
consistent pattern of development of teachers’ conceptions of mathematics teaching”
(p.8). Since her framework is limited to the experiences and the existing conceptual
schemes of the teachers she worked with, she asks other researchers to examine the
viability of her framework.

In this framework, she categorizes development of teachers’ mathematics related
conceptions in three developmental levels: Level 0, Level 1, and Level 2. She
characterizes the levels depending on the conceptions of: (a) mathematics; (b) learning
mathematics; (c) teaching mathematics; (d) roles of teachers and students; and (e)
evidences of student knowledge and criteria for judging correctness, accuracy, or
acceptability of mathematical results and conclusions. The characterizations of the levels
are given below (the complete list of Thompson’s (1991) characterizations is given in
Appendix A).

Level 0. Mathematics is conceptualized as using arithmetic skills in daily life.
Hence teaching mathematics is focusing on the development of students’ skills in
arithmetic. This is performed through memorization of the mathematical knowledge
which is composed of facts, rules, formulas, and procedures.

The teacher’s role is limited to demonstrating the facts and procedures in the
classroom and the student’s role is to imitate and practice those procedures until they

become a habit. The goal of mathematics teaching and problem solving at this level is to
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implement the correct procedure or obtain the correct answer, usually in the ways
demonstrated in the class. Mental processes are not considered during problem solving.
The teacher or the book is generally considered as the authority for mathematical
knowledge.

Level 1. At this level, mathematics is still considered as a collection of facts and
rules, but the principles behind the rules are realized. This slight shift is considered to be
a result of the use of instructional representations and manipulatives in teaching.
However, this new pedagogical approach to teaching mathematics (such as use of
manipulatives) is not considered as a way of improving conceptual understanding, but
rather increasing the enjoyment of students in the mathematics classroom. Problem
solving is seen as isolated from the mathematical concepts and problems are taught
separately with almost no relation to the concepts. It is not seen as a way to teach
mathematics.

The teacher has similar roles described in Level 0. Student’s role is extended and
it includes some understanding of the principles behind the procedures. Although there is
a change in the way mathematics and mathematics teaching is considered, there is still an
authority who decides on the correctness of mathematical ideas.

Level 2. Thompson does not specifically claim much about Level 2 conceptions of
the nature of mathematics. She only claims that centrality of the mathematical ideas are
realized at this level. Unlike the Level 1 teaching beliefs, using materials and different
methods in mathematics teaching targets conceptual understanding. Mathematics
teaching for understanding includes students’ engagement. Thus, teacher is considered as

a guide in catalyzing students’ thinking. The teacher allows students to express their ideas
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in order to have a better understanding of their learning process. The student’s role is
increased to understanding the logical connection between the mathematical concepts and
ideas. Students are expected to participate in the mathematics classroom by expressing
their ideas and reasoning. Hence, proving and generalization are seen as a way of
learning mathematics.
Critical Arguments and Points in Thompson's Framework

Thompson (1991) claims that the development of mathematics related
conceptions is not a discrete process. The participating teachers in her study continued to
have higher or lower level conceptions about mathematics simultaneously even if they
were considered to fit a particular level. The teachers who initially had Level 0
conceptions eventually moved to Level 1 conceptions during her studies with them.
However, none of the teachers were able to have fully developed Level 2 beliefs.
Thompson claims that the patterns of movement from one level to the other suggests a
relatively easy move from Level 0 to Level 1 compared to that of from Level 1 to Level
2. She explains this difference by the nature of restructuring needed in order to achieve
the level change. Moving from Level 0 conceptions to Level 1 conceptions requires no
major structuring of conceptual schemes, but an expansion of or broadening in Level 0
conceptions. However, moving from Level 1 to Level 2 requires “that a teacher
experience numerous occasions to become aware of and question his deeply rooted ideas
and unexamined assumptions of what it means to know, learn, and teach mathematics”
(p.14). Within this complicated process of restructuring, Thompson cautions that

teachers’ resistance to change their conceptions should not be underestimated.
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Thompson’s (1991) framework appears as a result of a qualitative study with few
participants. In order to have a more accurate and stronger analysis tool, Lindgren’s
(1996) framework, which is a modification of Thompson’s framework in Finnish context
through both qualitative and quantitative methods, is additionally considered here.

Lindgren’s Framework

Lindgren (1996) emphasizes the role of previous experiences on the mathematics
related beliefs of preservice teachers. She characterizes mathematical beliefs as implicit
personal mathematical knowledge. For Lindgren, conscious beliefs form conceptions. All
conscious and unconscious beliefs constitute a belief system. She names the conscious or
unconscious beliefs as “views” when the object of the belief system is mathematics or
mathematics teaching and learning.

Lindgren’s (1996) study with preservice teachers in Finland seems to validate
Thompson’s (1991) framework. Her study includes the use of both quantitative (N = 163)
and qualitative (N = 12) methods. She initially uses a Likert-type belief inventory and
then conducts interviews with a selected group of participants. Her study results in a
framework with three partly overlapping categories named Rules and Routines,
Discussion and Games, and Open-Approach, which she claimed corresponded to
Thompson’s Level 0, Level 1, and Level 2, respectively. The model that Lindgren
proposed emphasized the teaching and learning of mathematics, and roles of teachers and
students. The categories and their characterizations are given below (the complete list of

Lindgren’s characterizations is given in Appendix A).
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Rules and Routines - RR (Level 0). This category refers to an understanding of
teaching mathematics based on routine procedures that should be demonstrated by the
teacher and be memorized by the students.

Discussion and Games - DG (Level 1). This category characterizes teachers as
having different approaches in teaching such as using games and promoting classroom
discussions.

Open-Approach - OA (Level 3). This is the category when students have
responsibility for their own learning and where teachers encourage and guide students.
Mathematics is a way of thinking operationalized by problem solving.

Critical Arguments and Points in Lindgren’s Framework

Lindgren (1996) claims that there are sublevels in the Discussion and Games
(Level 1) area where common sub-areas with the other two levels appear. Figure 1 in
Lindgren’s study (1996, p.114) illustrates this structure.

In Lindgren’s (1996) illustration, GR (Games and Rules), GRO (Games, Rules,

and Openness), and GO (Games and Openness) are the intersection areas where teachers

have beliefs from at least two different belief levels. For example, GR (Games and Rules)

is the intersection of Rules and Routines (Level 0) and Discussion and Games (Level 1),
where teachers might believe that facts and rules are the focus of mathematics but they
might also promote class discussion. Lindgren’s (1996) analysis yields a conjoint area of
all three levels (GRO - Games, Rules, and Openness within Level 1) where teachers
simultaneously believe in issues from all three levels. The existence of conjoint areas in
Lindgren’s study suggests that Discussion and Games level (Level 1) is the area of

development of preservice teachers’ beliefs about teaching mathematics.
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The existence of conjoint areas shows that Lindgren’s (1996) levels are similar to
Thompson’s (1991) levels in terms of continuous structure. As can be seen from the
‘characterization of categories, Lindgren’s framework is more of a teaching and learning
framework for mathematics related beliefs, as most belief statements directly address
teachers’ or students’ roles but not the nature of mathematical knowledge. When
combined with the Thompson’s framework, Lindgren’s framework brings additional
descriptions for beliefs about teaching and learning, and make Thompson’s framework
stronger in these areas. However, beliefs related to the nature of mathematics are not
mentioned explicitly in Lindgren’s framework. Hence, in order to supplement these two
frameworks with a better description of beliefs about the nature of mathematics, Emest’s
(1989) model of mathematics related beliefs is considered as a part of the final
framework used here.

Emest’s Model

Emest (1989) proposes a model of mathematics teachers’ knowledge, beliefs, and
attitudes; however, he does not give a definition of beliefs. Rather, he uses “beliefs” and
“conceptions” interchangeably and mentions that teachers’ beliefs about the subject area,
teaching, and learning have a considerable impact on their teaching. He introduces three
views of the nature of mathematics where he claims that teachers may combine different
elements from different views during their practices just as Lindgren (1996) claims. He
does not mention a developmental nature in these views, but they represent a range from
static views to dynamic views. Emest also links these views to beliefs about the teaching

and learning of mathematics. The description of views of mathematics and their links to
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teaching and learning are given below (the complete list of Emest’s characterizations are
given in Appendix A).

Instrumentalist view. Mathematics is a set of tools which include unrelated facts,
rules and skills used in order to reach an external end product. A teacher with
instrumentalist view of mathematics may insist on single correct ways of solving
problems where the mathematics curriculum is about mastery of rules and skills without
mentioning meaningful relationships between these.

Platonist view. Mathematics is a static but combined body of knowledge in which
there are structures and truths connected to each other by logic and meaning.
Mathematics is not created but discovered. A platonist teacher may also insist on single
correct answer while implementing a curriculum that focused on the main and unifying
concepts of mathematics.

Problem-solving view. Mathematics is a dynamic, problem-driven, continually
expanding field which includes a process of knowledge generation. Mathematics is not
seen as a finished product. A teacher with problem-solving view may accept children’s
methods and ways of dealing with mathematical tasks. Mathematics curriculum
emphasizes the procedure that mathematical knowledge is produced.

Critical Arguments and Points in Ernest’s Framework

Although not developmental in nature, Emest’s (1989) framework for the beliefs
about the nature of mathematics and their links to teaching and learning seems parallel to
Thompson’s (1991) characterization of levels. Thompson’s Level 0, Level 1, and Level 2

can be associated with Emest’s instrumentalist, Platonist, and problem-solving views
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respectively. His framework completes the lack of characterization of beliefs about nature
of mathematics for especially Level 2 beliefs in Thompson’s framework.
Combined Framework

Thompson’s (1991) framework is an overall framework that draws a general
developmental picture of mathematics related beliefs. It is used as the main analysis
framework of the present study. The terminology (Level 0, Level 1, and Level 2) and the
characterization of the levels are used as a starting point. In order to make the
characterizations of the levels richer, Lindgren’s (1996) characterizations are also
inserted into the main framework. These two studies used different methods in order to
frame preservice and inservice teachers’ beliefs: Thompson worked with 12 teachers for
over 5 years, where Lindgren worked with a total of 163 preservice teachers using a
quantitative approach and with 12 of them using a qualitative approach in order to
improve Thompson’s model in the Finnish context. Hence, the combination of these
frameworks provides a richer model especially in terms of teaching and learning beliefs
covering various contexts.

The combination of Thompson’s (1991) and Lindgren’s (1996) frameworks are
supplemented by Ernest’s (1989) model of conceptions of the nature of mathematics.
Table 3.1, below, provides the main points of the “Combined Framework” that will be
used as the analytic framework in the proposed study, arranged in Thompson’s levels.

The complete framework is given in Appendix A.
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Table 3.1

A Summary of the Combined Framework for Analyzing Teachers’ Beliefs.

Levels

Main Characteristics

Level 0

Nature _

e Mathematics is composed of unchanged facts, rules, and basic
arithmetic, and usage of them in daily life.

¢ The goal of mathematics instruction is to obtain single correct/accurate
answer.

¢ Problem solving is getting answers to story problems by implementing
“rules of thumbs.”

Teaching

e Teachers transfer the mathematical knowledge in the form of discrete
rules and procedures without consideration of conceptual
understanding.

Learning

¢ Students can learn only by listening to the teacher, memorizing and
imitating teachers’ procedures.

Level 1

Nature
e Mathematical knowledge is composed of facts and rules, but there are
connections between these.
¢ Problem solving is finding strategies to problems unrelated to the
content.
Teaching
e Teachers use pedagogical approaches but do not consider cognitive
outcomes.
e Mathematics instruction is using concrete representations as a
justification of procedures and making students enjoy.
Learning
e Students put some effort to understand concepts in mathematics
demonstrated by the teacher. ‘

Level 2

Nature

e Mathematical knowledge has a dynamic structure and it is continuously
produced.

¢ Problem solving is the way of knowledge construction.

Teaching

e Teachers guide and provide opportunities for students’ understanding
through appropriate pedagogical approaches.

e Mathematics instruction is an ongoing teacher guided process of
student-driven knowledge construction.

Learning

e Students actively engage in mathematical inquiry.

53



The development of mathematics related beliefs is not a discrete process where
one is placed in one of the levels instantly. Rather, it is a continuous process as explained
in Thompson’s (1991) and Lindgren’s (1996) frameworks. Table 3.1 shows that
Lindgren’s and Emest’s (1989) model supports Thompson’s claim about the differences
among nature of moving from one level to the other. The differences between the
characterizations of Level 0 and Level 1 are not dramatic in the combined framework, but
still distinguishable compared to the differences between Level 1 and Level 2
characterizations, which are quite definite.

Any collection of mathematics related beliefs in the combined framework can be
considered as an individual belief system as defined in the previous chapter. Since belief
systems are cognitive structures open to reorganization due to the nature of existing and
new experiences (Thompson, 1992), the development of teachers’ mathematics related
beliefs, which corresponds to a change in level in the case of the combined framework, is
a dynamic process. Moreover, the cluster nature of belief systems provides a justification
of holding beliefs from different levels of the combined framework.

The belief levels in the framework exemplify belief clusters that Green (1971)
mentioned. The belief clusters can be considered as containers or sets of beliefs within a
belief system and they exist mostly in isolation. Belief clusters allow one to hold several
conflicting beliefs together. They also explain Thompson’s (1991) and Lindgren’s (1996)
findings in which teachers had beliefs from different belief levels at a time. Therefore, the
framework also exemplifies and defines three clusters of mathematics related beliefs for

preservice and inservice teachers.
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In order to make the data analysis more systematic, the framework is organized
under three belief areas depending on how previous studies categorized preservice and
inservice teachers’ mathematics related beliefs: the nature of mathematics, teaching
mathematics, and learning mathematics. Beliefs about the nature of mathematics consist
of beliefs about nature of the mathematical knowledge and what it means to know,
understand and perform in the subject area. Beliefs about mathematics teaching include
beliefs about teachers’ responsibilities, pedagogical content knowledge of mathematics,
and who should control students’ mathematical activity. Finally, beliefs about learning
mathematics consider beliefs about learners, learning and nature of mathematical ability.

The combined framework provides a detailed characterization of mathematics
related beliefs and better analysis of the interview transcripts in this study. In the present
study it is used in the Turkish context, which is different than the U.S. and Finnish
contexts where Thompson (1991) and Lindgren (1996) frameworks were emerged and
tested. Although the combined framework is the main tool to analyze preservice and
inservice teachers’ mathematics related beliefs, this study is also an examination of the

viability of the framework.
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CHAPTER 4

METHODS

This study explores, identifies, and interprets the mathematics-related beliefs of
12 first-year (inservice) and 20 preservice Turkish middle school mathematics teachers
who had graduated or had been studying at the same teacher education program
(Elementary Mathematics Education — EME) in 2003 and 2004.

The major data source of investigation was one-on-one interviews with the first-
year (inservice) and preservice teachers. Each participant’s mathematics-related beliefs
were identified from their interview data using the framework of mathematics-related
beliefs described in the previous chapter. Inservice and preservice participants’ beliefs
were particularly investigated in relation to their experiences during the specific teacher
education program and in their teaching contexts (for inservice participants) to
understand if these experiences had an impact on their beliefs.

The method of inquiry will be explained in detail in this section. After primary
and secondary research questions are introduced, the contexts of the study will be
described. Next, the participants of the study and the instruments will be explained in
detail followed by the procedures of data collection and data analysis. Since the study is
conducted through qualitative methods, the issues related to the quality of the research
will be addressed in this section as well.

The data for this study was collected in 2003 and 2004 and some of the
participants were involved in both 2003 and 2004 data collections. The data collection

procedures in these two years will be referred to as “2003 study” and *“2004 study.”
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Research Questions
Inservice and preservice middle school mathematics teachers’ mathematics-
related beliefs were investigated through the following primary and secondary research
questions:

1. How does the Elementary Mathematics Education (EME) program affect
the preservice middle school mathematics teachers’ (2"-, 3™-, and 4"-year
students) beliefs about the nature, teaching, and learning of mathematics?

a. What are the beliefs of preservice teachers about the nature,
teaching, and learning of mathematics?

b. What might be the crucial year/course(s)/practice(s) in the EME
program that affects those beliefs? How? Why?

2. How does the Elementary Mathematics Education (EME) program affect
the first-year (inservice) middle school mathematics teachers’ beliefs
about the nature, teaching, and learning of mathematics?

a. What are the beliefs of first-year teachers about the nature,
teaching, and learning of mathematics?

b. What might be the crucial year/course(s)/practice(s) in the EME
program that affected those beliefs? How? Why?

c. How does the first-year of teaching affect the first-year teachers’
beliefs about the nature, teaching, and learning mathematics?

Why?
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The participants, data collection, and the data analysis will be described in
relation to the primary research questions after the contexts of the EME program and the
Turkish educational system are be described.

Contexts

Although the study is related to the Elementary Mathematics Education (EME)
program, it is crucial that the general structure of Turkish Educational System is
introduced. This section will give a picture of the general teaching context of the first-
year teachers as well as the participants’ pre-college education context.

The Elementary Mathematics Education (EME) Program

The study was conducted in the Department of Elementary Education' in the
College of Education in Middle East Technical University (METU) in Ankara, Turkey.
METU is a technology-oriented university, and the language of instruction is English.
New students are administered METU’s own English proficiency examination at the
beginning of the fall semester every year in order to determine their skills in English
language. The students who cannot pass the examination are required to study in the
School of Basic English for one year. Those who pass the examination are c.onsidcred
freshman and start taking departmental courses. The students in the School of Basic
English take the English proficiency examination again at the end of the spring semester
and are required to pass this examination in order to qualify as freshman.

The Department of Elementary Education offers B.S. degrees in three
undergraduate programs: Elementary Mathematics Education with a minor in Elementary

Science Education, Elementary Science Education with a minor in Elementary

' Note that the program name uses the term ‘Elementary’ in that it trains teachers of grades 1 to 8, which
are collectively referred to in Turkey as the elementary grades. The present study targets what US educators
would refer to as middle school teachers, however.
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Mathematics Education and Early Childhood Education. All three programs are four-year
programs that aim “to develop teachers with a sound understanding of how children
learn” who are “confident in using technology; capable in problem-solving; attentive to
human rights, democracy, and ethics” (Middle Egst Technical University, 2005). The
programs in the department emphasize critical thinking, personal reflection, and
professional development of preservice teachers. The graduates of the program are
qualified as teachers who can teach in elementary schools (grades 1 to 8) as mathematics
and science teachers and early childhood centers as early childhood educator (Middle
East Technical University, 2005). The programs in the Department of Elementary
Education started to accept its first students in 1998. These students studied one year of
English preparation classes and started their freshman year in the 1999 fall semester. The
first students of the EME program graduated with B.S. degrees in June 2003. The
department faculty had only one assistant professor with a mathematics education focus
at the time of both the 2003 and the 2004 studies. The EME program was supported by
the faculty in the Department of Secondary Science and Mathematics Education in the
College of Education at METU at that time.

The EME program focuses on mathematics, science, and introductory courses to
teaching and education in the first two years, followed by mathematics teaching courses
in the 3™ and 4™ years (see Appendix B). The program includes nine courses from the
Department of Mathematics, four courses from the Department of Educational Sciences
and 11 courses from the Department of Elementary Education. There are a total of four
courses in chemistry, biology and physics to support the minor degree in the Elementary

Science Education. Although there is no laboratory room for mathematics activities, the
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EME program has mathematics laboratory equipment (such as geoboards) to be used in
methods or other courses related to teaching mathematics.

The EME program requires three semesters of teaching practice courses at the
second, seventh, and eighth semesters. Students are first assigned to collaborating schools
and then to collaborating teachers in those schools. The first teaching practice course is
based mostly on observation of the classroom and teaching context and the lives of
teachers and students. The second and third teaching practice courses are generally based
on both observation and practice. Besides the three semesters of teaching experience,
most of the EME program students teach as private tutors or work at a Test Preparation
Center (TPC)? during their studies in the program. Some of them work voluntarily at a
student club project where lower socio-economic class students are brought to the METU
campus during weekends and are taught in mathematics, science, and English in order to
support their learning at school and to help them prepare for the national exams. Hence,
students in the education programs at METU generally have some teaching experience
(other than the required practice) either with individual students or in a classroom
context.

The Educational System in Turkey and Teaching Institutions

The Ministry of National Education (MNE) is the institution of authority that

decides on educational policies in Turkey. The MNE decides on the national curriculum

and the examination procedures for all grades, all content areas, and all types of

2 Typically, university students in Turkey do not work at a job and study simultaneously. However, private
tutoring is very common among all university students regardless of their major. University students
generally tutor elementary or high school students either to support their learning or to prepare them for the
national exams. The most popular content areas of private tutoring are mathematics, English, and physics.
Some university students also work in Test Preparation Centers as tutors. More information about national
exams and Test Preparation Centers are given in the following section.
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elementary and secondary schools. The teachers are placed in the public school system by
the MNE. The process is from top to bottom and there are National Education
Departments in every province that are responsible for implementing the policies at the
province level. Organizationally, the MNE is under the control of the Prime Ministry.

Public and private schools in Turkey generally differ in the size of the classroom,
the available resources (such as science laboratory, computer equipment, software, and
books), improvement opportunities (such as research centers and course material
development projects), and opportunities for extra-curricular activities for students (such
as sports and arts). Note that the terms ‘private’ and ‘public’ mean the same thing in
Turkey as in the US. Most Turkish students attend public (state-supported) schools, but a
small percentage pay for private education.

Turkish elementary education aims to educate students as self-confident and
environment-conscious individuals with the scientific thinking skills and the values of the
Turkish culture. Mandatory continuous elementary education in Turkey comprises grades
from one to eight. The first phase of elementary education consists of the grades from one
to five where almost all content areas are taught by primary teachers. The second phase
of elementary education includes the grades from 6 to 8, and content area teachers teach
the courses. All public and private elementary schools implement the national curriculum
in all content areas at the elementary education level, and they are inspected by the MNE
officers each year for their curriculum pace and teaching and administrative-related
issues. Instruction in elementary schools in Turkey can be characterized as text-book
based and teacher-directed. Classroom population may vary from 20 to 70 depending on

the population that the school serves.
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Eighth grade students have to take a national examination (the Secondary
Education Institutions Entrance Examination) which covers the concepts in the sixth,
seventh, and eighth grade curriculum in order to attend better high schools. Secondary
education aims to provide the students with the knowledge and skills to analyze various
problems and to think about the solutions in order to participate as productive citizens of
the country and to prepare students for higher education. Secondary education is
considered to have two categories: General high schools (from grades nine to 12)* and
vocational technical high schools. General high schools prepare students for the higher
education and contain both examination-track and non-examination-track type high
schools, while vocational technical high schools train students for jobs. Although general
high schools in Turkey implement the national curriculum in all content areas at all grade
levels, they differ in the quality of the education depending on the student population
they serve. Since most of the general high schools take their students from the national
examination administered to the eighth grade students at the end of the school year,
examination-track general high schools are generally considered as superior due to their
student population®. Moreover, the depth of the implemented curriculum differs in the
different school types. For example, Science High Schools (an examination-track general
high school type) implement the curriculum with more disciplinary approach and depth,

whereas Regular High Schools (a non-examination-track general high school) lack this

? Secondary education in Turkey has increased from three years to four years beginning from the 2005-
2006 school year. At the time of the study, the high school duration was still three years, comprising grades
from 9 to 11. Hence, the high school context mentioned in this study will refer to three years duration.

* Only the 8™ grade elementary students who have a certain GPA of 7" grade courses are allowed to take
the national examination. Hence a population who is generally successful in school courses takes the
examination.
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approach and depth. General high schools are inspected by the MNE officers every five
years.

Candidates who want to attend a university in Turkey are required to be a high
school graduate (or be in the senior year) and take a central multiple-choice examination,
the Student Selection Examination, which is held only once a year. The candidates are
placed in the university programs depending on their scores and rankings. Most of the
public universities and some private universities in Turkey have Colleges of Education
that offer four-year or five-year teacher education programs.

Most of the teachers in Turkey are graduates of education colleges within
universities. The rest are graduates of liberal arts colleges and they become teachers after
completing a certification program provided by some of the universities in Turkey. Since
1999, public school teachers have been hired and placed by the MNE based on their
scores in a central examination. Private schools, on the other hand, hire their own
teachers. A high school or a middle school content area teacher generally teaches up to
five different classes of students per week. Teachers generally do not have their own
classrooms in Turkey, but the students in the same grade level are divided into sections
and these sections have classrooms. In other words, students do not visit the teachers’
classrooms but teachers visit the sections’ classrooms. Although first-year teachers in
public and private schools are considered interns, they are fully responsible for teaching
the assigned classes and they have the same responsibilities that other teachers have.
First-year teachers are considered interns and they have to attend several courses on the
schooling system and teaching profession conducted by the MNE. To complete their

internship, they have to pass an examination on the content of each of the MNE courses.

63



Athough ¢
experiencey
10t comme
tollaborat:

Firs
schools ger
computers
schools is 1}
Tural area 5

thev start te

family \f
one vear. |t
Semester, o
have a cen,
IS0t cen
acher, i,
Mehemay
Be:
i Turke'\..
the SeCo“ d
Tade ) an
f0cu3 of e

Pl



Although each first-year public school teacher (an intern) is assigned a mentor who is an
experienced teacher in intern’s content area, continuous mentor-intern collaboration is
not common in Turkey. Most first-year teachers do not even know or meet their
collaborating mentors.

First-year teachers are generally assigned to the schools in rural areas. Rural area
schools generally lack certain teaching materials and facilities in content areas such as
computers for teachers or science laboratories. Another typical problem in rural area
schools is the continuous teacher flow. Although many beginning teachers are assigned to
rural area schools, they prefer to work in big cities. Thus, they ask for reassignment after
they start teaching for several reasons such as attending a master’s program or having a
family. Many rural schools lack teachers who work in the same school for more at least
one year. It is very common that rural area schools have five different teachers in a
semester, one after another, who teach a certain content area. When the school does not
have a certain content area teacher, the principals generally assign another teacher (who
is not certified in that content) to teach. For example, if the school lacks mathematics
teacher, the principal may assign science teacher or Turkish language teacher to teach
mathematics.

Besides public and private schools, teachers also teach at Test Preparation Centers
in Turkey. These centers prepare students for all sorts of national examinations such as
the Secondary Education Institutions Entrance Examination (at the end of the eighth
grade) and the Student Selection Examination (at the end of the high school or later). The
focus of teaching in TPC is generally not on understanding the concepts but on the skills

to solve multiple-choice questions in a limited time period. TPCs group students on their



grade levels and generally provide courses during after-school hours. TPCs are private
institutions and attendance at a TPC depends on the students’ and families’ preference.
Typically, elementary school students start to attend a TPC at the seventh grade level and
continue to attend for more hours at the eighth grade level in order to perform better on
the Secondary Education Institutions Entrance Examination. High school students,
similarly, start to attend a TPC at the beginning of their high school studies (ninth grade

1™ grade level) to score higher

level) and continue to attend until the end of high school (1
in the Student Selection Examination. Students who have difficulty in any of the content
areas at any level of schooling are generally supported by private tutors who are generally
teachers or university students.
Participants

This study was conducted with two groups of participants who studied or were
studying at the same teacher education program in 2003 and 2004. The first group of
participants consisted of a total of 20 preservice teachers who were studying as 2"'-, 3.,
and 4™-year students at the EME program towards the end of spring semester 2004.
Preservice participants were interviewed only in 2004. The second group was formed by
12 first-year (inservice) middle school mathematics teachers who graduated from the
EME program in 2003. These participants were interviewed both in 2003 when they
graduated from the program, and in 2004 when they completed their first-year as a formal
teacher. More information about the participants is given in this section.

The two different groups of participants were associated with the two primary

research questions. The first primary research question and its associated subquestions

were related to the preservice participants. The second primary question and its
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associated subquestions were related to the first-year participants of the study. The
interviews with the two groups of participants were the data sources to investigate the
research questions. The instruments and the methods of data collection and analysis are
explained in further sections.

In addition, an Assistant Professor from the EME faculty who had been teaching
in the program since 2000 was also interviewed. Although the professor was interviewed,
findings from his interview data was used to support results derived from the preservice
and inservice participants’ interview data.

Preservice Teachers

Twenty preservice teachers participated in the 2004 study. Among them, 5 were
2".year students, 7 were 3"-year students, and 8 were 4™.year students. Table 4.1 shows
the number of participants based on year level and gender. The numbers in parentheses
show the total number of students in the entire teacher education program in the specified
year level.

Table 4.1

The Number of the Preservice Teacher Participants According to Year Level in the

Program and Gender.
2" Year 3“-Year 4™-Year
Female 4 4 7
Male 1 3 1
Number of Participants (Total 5(37) 7 (38) 8 (38)

Number of Students in Program)

These participants were selected among the students who volunteered to

participate in the study based on accessibility and students’ free time.
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First-Year (Inservice) Teachers
Twelve first-year teachers (7 female and 5 male) participated in the study first,
when they graduated from the EME program in 2003 and then, at the end of their first-
year as a teacher in 2004. Table 4.2 shows the number, gender, and the teaching contexts
of the first-year teacher participants. The characteristics of the teaching contexts were
described above.

Table 4.2

The Number, Gender, and the Teaching Contexts of the First-year Teacher Participants.

Private Schools Public Schools Graduate School
Female 3 4 - 0
Male 1 3 1
Total 4 7 1

These 12 participants were selected from the 28 graduates of the EME program in 2003,
who were actually the first graduates of the program.

The inservice participants completed their first-year as a formal teacher in
different contexts at the time of the dissertation study. Most of the participants who were
placed in public schools were teaching in rural settings or small towns. One inservice
teacher obtained a position as a graduate assistant in the EME program after one semester
of teaching in the public school system.

Professor in the EME Program

Dr. C. (pseudonym) who was a professor in EME program was interviewed in

2004. He was teaching various courses as the only professor with a mathematics

education focus in the program at the time that both 2003 and 2004 studies were
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conducted. All participants in this study took at least one course from Dr. C. during their
studies in the EME program.
Instruments

A total of three semi-structured interview protocols were used in this study. Table
4.3 shows the interview protocols used to investigate the primary research questions. A
fourth interview protocol was used to gain information about the faculty’s perspective on
the effect of the EME program on the program students’ beliefs.
Table 4.3

Interview Protocols Implemented in Relation to the Primary Research Questions.

Research Question Data Sources
1.How does the Elementary Mathematics ¢ 2004 Semi-Structured Interview
Education (EME) program affect the Protocol for the Preservice
preservice middle school mathematics Teachers

teachers’ (2"-, 3"-, and 4™-year students)
beliefs about the nature, teaching, and
learning of mathematics?
2. How does the Elementary Mathematics e 2003 Semi-Structured Interview

Education (EME) program affect the Protocol for the Graduates
first-year (inservice) middle school

mathematics teachers’ beliefs about the e 2004 Semi-Structured Interview
nature, teaching, and leamning of Protocol for the First-Year
mathematics? Teachers

Interview protocols are introduced below in relation to the primary research
questions they investigated.
First Research Question
Semi-structured Interview Protocol for Preservice Teachers (2004 Study)
This interview protocol was designed to investigate preservice teachers’ beliefs
about the nature, teaching, and learming of mathematics. The preservice teachers were

asked about their ideas on the nature of different types and possible evidences of
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mathematical understanding, ways of teaching a certain mathematical task, and nature of
mathematics teaching. Moreover, they were asked about the possible effects of previous
policies that they have been exposed to, such as high school type, and the possible
perceived effects of the EME program on their mathematics-related beliefs. The
interview contained 32 main questions. Follow-up questions were also asked to explore
the emerging issues during the interviews. Table 4.4 shows the main concepts and
examples of interview questions related to the main concepts. A more complete
description of the interview protocol is given in the Appendix C.

Table 4.4

Main Concepts in the Preservice Teacher Interview and Selected Questions (2004).

Main Example Questions
Concepts
Nature of e What is mathematics for?

Mathematics e What does it mean to know mathematics?
¢ Can you tell me what a “mathematical concept” is?
e How do you know that a student has understood a mathematical

concept?

Teaching ¢ Why do we teach mathematics?

Mathematics e What are the types of knowledge that a mathematics teacher should
have?

e What will be your main purpose in teaching mathematics in the

future?

Attitudes ¢ Do you enjoy learning mathematics? When? Why?

Policies ¢ Do you think that the knowledge and skills you gained in the

program will be sufficient for your teaching?
¢ How would you define teaching as a profession before you started
studying in this program?

Interviews with the preservice teacher participants were generally completed in 90

minutes.
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Second Research Question
Semi-Structured Interview Protocol for the Graduates (2003 Study)

Semi-structured interviews were conducted in 2003 with the first-year teacher
participants of 2004 study when they completed in the 4™ (the final) year of the program.
The 2003 interview protocol aimed to investigate program graduates’ mathematics-
related beliefs. The effects of EME program and some other factors such as (high school
education and national examination policy) on their beliefs before they started inservice
teaching were also investigated. Table 4.5 shows the main concepts investigated through
the interviews and the main questions under each concept.

Table 4.5

Main Concepts in Graduates’ Interview and Main Questions for Each Concept (2003).

Main Example Questions
Concepts
Nature of ¢ What is mathematics for?

Mathematics e What does it mean to know mathematics?
¢ Can you tell me what a “mathematical concept” is?
e How do you know that a student has understood a mathematical
concept?
Teaching e Why do we teach mathematics?
Mathematics e What are the types of knowledge that a mathematics teacher should
have?
e What will be your main purpose in teaching mathematics in the
future?
Attitudes ¢ Do you enjoy learning mathematics? When? Why?
¢ Do you enjoy teaching mathematics? When? Why?
Policies e Do you think that the university entrance examination affected your
way of studying mathematics? How?
¢ Do you think that the courses you have taken in this program are
useful for your profession? Why?

The participants were asked questions about how they perceived mathematical

understanding in relation to the teaching and learning of mathematics. They were also
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asked questions about the way that the university entrance examination affected their
study habits and about the education that they had in the department. The interview
contained 23 main questions. Follow-up questions were asked to explore the emerging
issues during the interview. Interviews were completed in one hour. The main interview
questions in the 2003 interview protocol are given in the Appendix C.

Semi-Structured Interview Protocol for the First-Year Teachers (2004 Study)

The interview protocol for the first-year teachers was a modified version of the
interview protocol for the preservice teachers in 2004. Besides the issues that were
investigated with the preservice interview protocol, the possible effects of one year of
formal teaching experience, school context, classroom context, and the curriculum on the
first-year teachers’ beliefs about the nature, teaching, and learning of mathematics were
also investigated. The interview protocol contained 37 main questions with additional
follow-up questions if necessary. Table 4.6 shows examples of additional questions that
appeared in the first-year teacher interview protocol under the main concepts. More detail
is given in the Appendix C.

Table 4.6

Main Concepts and Additional Main Questions in the First-year Teacher Interview

(2004).
Main Example Questions
Concepts
Nature of e Without mentioning name or any form of student data, can you give

Mathematics  examples of three particular students who have rich, medium, and
poor mathematical understanding and related student behaviors?
Teaching e Are there any pressures or supports that affect your teaching, such
Mathematics  as students, parents, school administrators or curriculum?
e Which grades would you prefer to teach? Why?

Interviews with the first-year teachers were generally completed in two hours.
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Semi-Structured Interview Protocol for Faculty
The professor’s view of mathematics teaching, the program’s effectiveness in
educating teachers, and preservice teachers’ beliefs were investigated by an interview
protocol including 15 main questions. Examples of interview questions are given below:
e Do you think that program effectively prepares students to be mathematics
teachers?
e Can you describe the characteristics of effective mathematics teachers?
e Can you describe the beliefs that a mathematics teacher should have (about nature
of mathematics, about teaching and learning mathematics)?
Probing questions were asked during the interview where necessary. The complete
interview protocol is given in the Appendix C.
Addressing Beliefs in Interview Protocols
The three belief areas (beliefs about the nature of mathematics, beliefs about
teaching mathematics, and beliefs about learning mathematics) which were described in
Chapter 2, were addressed through specific questions in 2003 and 2004 inte.rview
protocols. The 2004 interview protocol is an extended version of 2003 protocols in terms
of the questions addressing belief areas. How each belief area is addressed through the
interview questions in 2004 study will be explained here in detail. The question numbers
are based on the way they appear in the 2004 preservice interview protocol. Additional
questions in the 2004 inservice interview protocol are given with the question number

they appear (see Appendix C).
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Beliefs about the Nature of Mathematics

In order to address beliefs about nature of mathematics, participants were asked

about how they would consider mathematical knowledge, knowing and understanding

mathematics, and the nature of mathematical problems and problem solving. Examples of

questions that addressed participants’ beliefs about nature of mathematics are given in

Table 4.7

Examples of Questions in 2004 Study Addressing Beliefs about Nature of Mathematics.

Questions

Preservice
Protocol

Q1. What is mathematics for?

Q2. What does it mean to know mathematics?

Q4. Can you tell me what a “mathematical concept” is depending on
your own ideas?

e What is a “mathematical concept” for you?

e Can you given an example of a question that asks a “mathematical
concept™?

Q5. How do you know that one of your students has understood a
mathematical concept?

Q8. Can you tell me what a “mathematical problem” is depending on
your own ideas?

e What is a “mathematical problem” for you?

¢ Can you give an example of a “mathematical problem™?

Q11. How do you know that one of your students has developed a
mathematical understanding?

Inservice
Protocol

Q15. Without mentioning name or any form of student data, can you
give examples of three particular students who have rich, medium, and
poor mathematical understanding and related student behaviors?

In these questions, the ways participants described the nature of mathematical

knowledge (such as isolated rules or logically connected pieces of knowledge), knowing

mathematics (such as reaching correct answer or building logical connections), and the

nature of mathematical problems (such as questions that could be solved by mathematical

operations or a situation which had no immediate solution) mostly included expressions

73



parallel to the belief statements in the framework. Therefore, it was concluded that
interview questions were mostly useful in detecting participants’ beliefs about nature of
mathematics. Participants’ responses to the questions about the nature of mathematics are
given in Chapter 5 and Chapter 6.
Beliefs about Teaching Mathematics

Participants’ beliefs about teaching mathematics were addressed through the
questions, which mostly asked about their preferences in teaching mathematics and the
perceived role of the mathematics teacher. The examples for questions addressing beliefs
about teaching mathematics are given in Table 4.8.
Table 4.8

Examples of Questions in 2004 Study Addressing Beliefs about Teaching Mathematics.

Questions

Preservice Q13. Why do we teach mathematics?

Protocol Q14. What are the types of knowledge that a mathematics teacher
should have?
¢ Can you make a list of / categorize the types of knowledge that a
mathematics teacher should have?
a.Why do you think that a mathematics teacher should have these types
of knowledge?
Q15. What will be your main purpose in teaching mathematics in the
future?
Q17. What are your strengths in teaching mathematics?
Q18. What are your weaknesses in teaching mathematics?

Inservice  Q16. Can you plan one or a series of lessons (depending on your

Protocol  preference) on a particular topic which reflects your conceptions of
mathematical understanding, without considering other pressures such as
material availability and time allowed for that particular topic in the
curriculum for one of your classes or a class of 30 students?

Participants’ responses to these questions about their preferences in teaching
(such as demonstrating rules or using manipulatives) and how they would consider a

teacher’s role in the mathematics classroom (such as explaining rules and their
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implementation in detail or guiding students in their learning) indicated their beliefs that
were detectable through using the framework. In other words, the interview questions
were mostly sufficient in capturing participants’ beliefs about teaching mathematics.
Examples of participant responses are presented in Chapter 5 and Chapter 6.
Beliefs about Learning Mathematics

Learning beliefs of participants were mostly detected by the third question in
2004 interview protocols, as given in Table 4.9.
Table 4.9

Examples of Questions in 2004 Study Addressing Beliefs about Learning Mathematics.

Questions

Preservice Q3. What does it mean to learn mathematics?

& e How is mathematics learned?

Inservice ¢ How did you learn mathematics?

Protocols ¢ How do you think a student should study mathematics in order to
learn it?

The responses to this question (such as solving a lot of questions or trying to
relate new knowledge to the existing knowledge) indicated that the question was effective
in identifying their beliefs about learning mathematics.

In addition to Q3, participants’ beliefs about learning mathematics were detected
in their responses for questions about teaching (see Table 4.8). Participants mostly
compared teacher’s role and students’ role in the classroom or mentioned how they
would prefer to teach mathematics in relation to the way students learn as a response to
teaching questions. For example, while responding to the question about her perceived
weaknesses in teaching mathematics (Q25), P7 claimed that “[...] there [were] several

ways to solve a problem and students should be able to see these [ways] " (P7, Q25,
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2004). This indicated that for her, students should be able to see the different ways to
reach a solution, which was parallel to a Level 2 leamning belief statement in the
framework. Therefore, questions about teaching mathematics also generated responses
about learning mathematics and were effective in capturing participants’ beliefs about

learning mathematics. Participants’ responses are provided in Chapter 6 and Chapter 7.
| Although the questions in especially 2004 interview protocols were found to be
sufficient in detecting participants’ beliefs, data analysis provided some potentially useful
ideas that might be used in the possible future implementations of the interview
protocols. The interviews would have been more effective in capturing participants’
beliefs if they had included more concrete examples such as Q12 (see Appendix C) on
which participants would work and comment on a student misconception, considering the
classroom context. Concrete examples would have helped participants express their
beliefs about how mathematical knowledge would be organized and how teaching and
learning should occur in classroom contexts.

Data Collection Procedure
The data for this study was collected in Turkey in May-June 2003 and May-July

2004 through interviews. The data collected in 2003 was used to investigate the second
research question whereas the data collected in 2004 was used to investigate both the first
and second research questions. All interviews were conducted in Turkish and audiotaped.
Since the language of instruction was English at METU and the students were considered
to have a certain level of English proficiency, some questions were also asked in English

in order to reduce the change or loss of meaning in translation. Since a part of 2004 data
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collection procedure was related to the 2003 data collection, these procedures will be
explained in terms of years they were conducted.’
2003 Study (Data Collection)

The data in 2003 was collected through interviews in with the 4™ -year’ EME
program students. The 4"-year students were visited towards the end of the 2003 spring
semester (May 2003) at the end of a class after the professor left the room. They were
informed about the study and asked whether they would like to participate. It was
indicated that participation was voluntary, the results of the study would not be shared
with any of the program faculty, and their participation would have no impact on their
course grade.

Among the 28 4™ year students, seven female and five male students were chosen
to be interviewed among the volunteered students based on their accessibility and free
time. The interviews were conducted in May-June 2004 in places where the participants
preferred to be interviewed, and in one-on-one settings. It was emphasized before and
during the interview that there were no right answers for the interview questions and their
beliefs and ideas about mathematical understanding and mathematics teaching and
learning were considered as important. The participants were given as much time as they
asked to think about the questions and were allowed to skip questions if they did not want
to respond at that time. They were also ensured that they could quit the study at any time.
Participants were asked the skipped questions at the end of the interview, and they were
also allowed and encouraged to answer any skipped questions at any point during the

interview.

5 Recall that the EME program is a four-year program.
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2004 Study (Data Collection)

The data in 2004 was collected through interviews in with the 2" 3 and 4.
year EME program students, the first-year teachers who participated in the 2003 study at
the end of their 4™-year in the EME program, and the professor. The program students
were visited in their courses towards the end of the 2004 spring semester (May 2004).
They were informed about the study after the professor left the room and they were asked
if they would like to participate. .The students were ensured that the participation was
voluntary, the results of the study would not be shared with any of the program faculty,
nor that their participation would have an impact on their course grade.

Twenty students (15 female and 5 male) were selected among a total of 113
students who were studying in their 2"%-, 3"-, and 4"-year at the EME program (see Table
4.1). The interviews were conducted in May-June 2004 in participants’ preferred one-on-
one settings. The participants were ensured before and during the interview that there
were no right answers for the interview questions and the research’s interest was on their
beliefs and ideas about mathematical understanding and mathematics teaching and
learning.

All of the participants of the 2003 study agreed to participate in the 2004 study at
the end of their first-year as a teacher. They were interviewed in June-July 2004 in the
one-on-one settings they preferred. The first-year participants were indicated that the
interview questions had no single correct answer and the study’s interest was their beliefs
and experiences regarding the nature, teaching and learning mathematics. They were
ensured that the raw data they provided would not be given to their school administrators

or any MNE officer.
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The professor in the department was interviewed in 2004 in his preferred one-on-
one setting. He was ensured that his interview data would not be shared with other
program faculty and the study’s interest was his views about the effectiveness of the
program and program students’ and graduates’ beliefs.

All of the participants in 2004 study were given the amount of time they required
to respond to the questions during the interviews. They were ensured that they could quit
the study at any time or skip any questions that they did not want to or did not feel ready
to answer. The questions that they preferred to answer later were asked at the end of the
interview.

Data Analysis Procedure

The data analysis was conducted in order to identify each participant’s
mathematics-related beliefs, levels of these beliefs, and major factors that seemed to
affect participants’ mathematics related beliefs. The change of level of beliefs through the
program and first inservice year were investigated in order to detect key experiences in
the program that might have caused change in belief levels.

The data was transcribed and coded by the researcher and a second coder in order
to reduce bias in data analysis and to increase the reliability of the results. The
recruitment and the training of the second coder are explained in the next section (Quality
of the Research). The interview transcripts were prepared so that the coders would not
see the names of the participants. Both coders worked on the same data at the same time
and coded the data using the framework described in Chapter 3.

The professor’s interview transcript was not coded by using the data analysis

framework used for the preservice and inservice interviews. His interview transcript was
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read several times by the researcher in order to gather the emerging themes such as the
impact of the EME program courses on program students’ beliefs, the nature of the EME
courses, and insufficient experiences in the EME program. These themes were used to
support findings from the inservice and preservice data.

The two major phases of data analysis, identifying belief levels for each
participant and identifying factors that impacted each participant’s belief; will be
described in this section in detail.

Identifying Belief Levels

In order to identify the belief levels for each participant, both coders studied the
framework and discussed it in depth to understand the characteristics of the levels. These
discussions prepared the coders for detecting belief statements in transcribed interviews.
During the data coding, first, the coders read the interviews and searched for the belief
statements addressed in the framework. Then, in the second step, coders categorized the
belief statements as nature belief, teaching belief, or learning belief. Finally, in the third
step, they decided on the level of belief statements and final level of each participant’s
belief levels in different belief areas. These steps are explained below in detail through
examples. Certain difficulties appeared during the data analysis and how they were
managed will also be explained here.

Detecting Belief Statements

In this step, first, the coders read each participant’s interview transcript and
individually underlined the belief expressions. The major indicators of belief statements
were keywords that appeared in the belief statements of the framework. For example,

“logic” and “connected” in the Level 1 belief statement “Mathematics as a static but
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combined body of knowledge, in which there are structures and truths connected to each
other by logic and meaning” were keywords for identifying P1’s expression “knowing
mathematics is knowing the meaning of mathematics, which is the logic that we form in
nature or life, the numbers, and the relationship between the numbers” (P1, Q2, 2004) as
a belief statement.

Once the coders underlined the belief statements individually, they compared
identified belief statements to see if the statements were the same or not. When two
coders found different belief statements, cbders engaged in a resolution discussion.
Initially, coders discussed the existence of a keyword or keywords in participant’s
expressions. When coders could not find any keywords, coders agreed that the expression
should not be considered as a belief statement. This step of data analysis was completed
with full consensus of the coders for each participant.

Categorizing Belief Statements

After coders identified belief statements for each participant, the next step in data
analysis was to categorize the statements as nature, teaching, or learning beliefs and
deciding on the level of the belief statements. For example, in P1’s expression quoted
above, P1 referred to knowing mathematics. Since knowing mathematics was addressed
under beliefs about nature of mathematics, coders initially considered this statement as a
nature belief statement. Additionally, coders used a Level 1 belief statement in the
framework (as indicated above) as a reference to detect P1°s belief statement. Therefore,
the belief area for his statement was decided as nature of mathematics and the level of

this belief statement was Level 1.
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Even though coders considered keywords as references to detect belief statements
and then belief levels, coders had some difficulties in categorizing participants’ belief
statements. One particular difficulty was deciding whether a specific belief statement in
an interview was addressing teaching belief or learning belief. For example, P1 claimed
that students’ mathematical understanding could be improved by “‘/providing them] with
situations whose solutions [would not be] familiar to them” (P1, Q11, 2004). Coders
considered this claim in two ways. First, coders considered P1 as addressing that students
would be able to learn better when students deal with situations that they have no
immediate solution, mostly because the interview question was asking students’
behaviors. And second, coders considered that P1 might be talking about teachers’ role in
improving students’ understanding. The Level 2 belief statement “One should use, as
often as possible, problems where the student has to think first, and where the mastery of
calculation alone will not lead to the solving of the problem” in the framework helped
them to conclude that this was a teaching belief.

Once coders assigned a specific belief statement in the framework to participant’s
belief statement, coders also identified the level of participant’s statement. For P1’s
teaching belief mentioned in the previous paragraph, the referred belief statement in the
framework was a Level 2 statement. Therefore, the coders concluded that the P1°’s belief
statement was a Level 2 belief. The coders completed this step in full consensus.
Deciding on Final Belief Levels

Following the categorization and level assignment of the belief statements, coders
proceeded to the last step, which was reaching a decision about each participant’s final

belief levels in three belief areas. Reaching a decision for participants’ final belief levels
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was often a complicated process. Three major decision processes occurred depending on
the frequency of participants’ beliefs in each belief level. These processes appeared when
(1) participants had beliefs mostly from a single level; (ii) participants had almost equal
number of beliefs in a belief area from two different belief areas; and (iii) participants
had no beliefs from a belief area. Decision processes are explained here in detail.

Beliefs from Single Level. The majority of participants had belief statements
almost totally from a single level. In these cases, coders decided that the most frequent
belief level was the final level of a belief area. For example, P2 had four teaching belief
statements of Level 1 and one belief statement of Level 2, which led coders to conclude
that she had Level 1 beliefs about teaching mathematics. The final belief level decisions
for these participants were completed in full consensus of both coders.

Equal Number of Beliefs. A few participants had almost equal number of belief
statements from different levels. Two main situations exemplify this. First, some
participants had belief statements from all three levels or from Level 0 and Level 2 in a
belief area. In these cases, the coders finalized the belief level as Level 1, using
Lindgren’s (1996, p.114) figure that illustrated the intersection of all three levels and the
intersection of Level 0 and Lc;.vel 2 in Level 1 area. For example, P1 had four Level 2,
two Level 1 and one Level 0 teaching belief statements. Coders concluded that his final
teaching belief level was Level 1. In the second situation, two participants (P2 and P9)
had almost equal number of beliefs from two consecutive belief levels (see Table 6.1). In
these cases, since both coders could not decide on the final level of participants’ learning
beliefs, they indicated both levels for the participants and interpreted that participants

might be in a transition period of moving from one level to the other, considering
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Lindgren’s figure and Thompson’s (1991) characterization of teachers’ beliefs that
addressed the existence of beliefs from different levels during a transition period. The
final step of data coding in these cases was also completed in full consensus.

No Belief Statements. A few participants did not articulate much in a belief area
so that no belief statements were detected. In these rare cases, the coders discussed how
the participants described the nature of mathematical knowledge, teaching, and learning
mathematics and which level these descriptions might match. An example for this case
might be P10. P10 did not have explicit expressions about the nature of mathematics in
the 2004 interview that would have a complete match with a belief statement in the
framework. But she claimed that knowing mathematics was “solving mathematical
problems. Even when it is not withx's and y’s [...] but it might be by using a piece of
mathematical knowledge and reaching the result” (P10, Q2, 2004). Since beliefs about
problem solving and knowing mathematics were included in beliefs about the nature of
mathematics, coders concluded in the previous steps that this expression was a nature
belief statement. However, the level was not clear for coders as P10’s expression seemed
in between Level 0 and Level 1. When coders looked for additional expressions in P10’s
transcript to finalize the level of her expression, they found out that P10’s example of an
elementary school problem addressed simple calculations and she could not articulate on
the nature of a higher level mathematical problem. This helped coders to conclude her
final nature belief level as Level 0. Coders decided on the final levels of these

participants in full consensus.
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A sample data coding is given in Appendix D along with a transcribed interview
and the coding sheet. The framework for analyzing the interviews was described in depth
in Chapter 3.

Identifying Factors

The 2003 study provided some clues about the factors that might have impacted
inservice participants’ mathematics related beliefs when they graduated from the EME
program. In the 2003 study, inservice participants were encouraged to talk about the
impact of some of the courses in the EME program on their views about mathematics
teaching. Inservice participants also discussed the ways they worked with the students in
informal teaching environments. These clues were used to improve inservice and
preservice interview protocols for 2004 study. Additionally, depending on the literature
that addressed the impact of first-year teaching contexts on beginning teachers (e.g.
Veenman, 1984), factors such as students and curriculum pace were addressed in
inservice interview schedule in 2004. During the data analysis, the factors that impacted
participants’ beliefs were mostly detected through their responses to the questions and
were noted on the space provided for factors in the coding sheet (see Appendix D).

Table 4.10 gives the examples of questions in 2004 interview protocols for
preservice and inservice participants about the factors in preservice training and first-year

teaching that might have impacted participants’ beliefs.
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Table 4.10

Examples of Questions in 2004 Interview Protocols Targeting Factors Impacting Beliefs.

Interview Questions
Preservice Q16. Do you have any teaching experience? In which ways and for
Training* how long?

Q27. Do you think that the courses you have taken in this program are

useful for your profession? Why?
a. What are the courses that you would like to have?
b. What are your expectations from the professors in your program
during the courses?
c. Do you think that the courses would be different if you had
another instructor?

First-Year Q13. Do you think that your ideas have changed since you graduated
Teaching and started teaching? What has affected your ideas?

Q22. Are there any pressures or supports that affect your teaching,

such as students, parents, school administrators or curriculum?
¢ Do you think that you would teach more effectively if any one or
more of these factors had changed? Why and in what ways?

Q35. How would you define teaching as a profession before you

started teaching as a formal teacher?
e How have your ideas changed about teaching profession?

* These questions were also included in 2004 inservice interview protocol.

There were differences in the detail that inservice and preservice participants’
responses included. Inservice participants mentioned factors more frequently, explicitly,
and in detail. They were mostly aware of what they have been affected by in the 2004
study, such as curriculum rush and informal teaching experiences, an awareness which
was not common in the 2003 study. Inservice participants also mentioned factors that
emerged from the preservice years and first-year teaching in their responses to other
interview questions. For example, while responding to the question about her perceived
weaknesses in teaching mathematics (Q25 in 2004 Inservice Interview Protocol, see
Appendix C), P10 claimed that:

“[T]eaching in a classroom is different. During private tutoring, if you

realize that you don 't really know the concept, you can open [a book] ...
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You don 't really have to make [mathematics] enjoyvable and give real-life

examples ... Since you are expected to make [the student] solve many

questions, you can't really consider [private tutoring as an experience] ...

Or the classroom presentations [in the EME program, do not really count

as a teaching experience] " (P10, Q25, 2004).

This claim helped the coders to consider a possible limiting impact of private tutoring on
P10’s beliefs and teaching during her studies in the EME program. Since the study also
investigated the perceived impact of factors on participants’ beliefs, P10’s awareness was
considered as evidence of the impact. Preservice participants’ responses were mostly not
as detailed as inservice participants’ responses. The factors that impacted their beliefs
were detected through their responses to the specific interview questions targeting
factors.

All major factors were detected during the data analysis in which participants’
belief levels were identified. The factors were also detected in consensus with the second
coder.

Quality of the Research

Issues that underlie the quality of research seem important to address here in order
to present the reasons for the methods of inquiry used for this study. Miles and Huberman
(1994) refer to these issues as the practical standards that help in judging the quality of
the conclusions drawn from the research. There are contrasting views about the
applicability of the quantitative research terminology and methods, such as reliability and
validity, to the qualitative research (for a detailed discussion, see Golafshani, 2003).

While reliability and validity are issues that more typically ensure the quality of
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quantitative research, the efforts and the skills of the researcher address the quality of
qualitative research. Moreover, reliability and validity are generally not discussed
separately in qualitative research but rather terms such as “credibility” or
“trustworthiness” are suggested in order to address both reliability and validity
(Golafshani, 2003). Similarly, Bogdan and Biklen (1998) do not suggest use of the term
“triangulation” to address the multiplicity of data sources, researchers, or theoretical
approach in order to strengthen the results of the study, but they rather suggest explaining
what has been done to have more accurate data. Considering that terms such as reliability,
validity, and triangulation have several different approaches in the qualitative research
paradigm, the quality of the research will be described under the term “credibility” to
address them all.
Credibility

In this section the researcher’s role and attitude in the data collection and analysis
process, convergence between multiple coders’ accounts, limitations that were caused by
the data analysis framework and how they were handled will be explained. Moreover, the
reasons of having single data type and the measures taken during the data collection
process to reduce this disadvantage will be explained in detail.
Researcher’s Role

The data of this study is gathered from two different groups of participants:
Preservice teachers studying in the EME program in 2004 and inservice teachers
graduated from the same program in 2003. My relationship to inservice participants was
different then the relationship I had with the preservice participants at the time of the

2004 study. The difference was due to the close contact I had with inservice participants
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when they were studying at the EME program. Inservice participants and I had
established a friendship through my three years of advising them for their academic
progress in the EME program. I conducted both extracurricular and recreational activities
for them during my assistantship in the Department of Elementary Education. Moreover,
I was a teaching assistant for their pedagogical content knowledge courses in the first
three years of their studies in the EME program. This impacted the study in terms of the
depth and width of the interview data they provided for me especially in 2004 study.
Inservice participants were more motivated to provide me with longer and detailed
responses about their preservice and first-year practices most probably due to the
friendship we established and their willingness to help me in my study.

My relationship to the preservice participants was, however, not that close and
mostly in a more formal way. I met almost all 2"-year and 3"-year participants for the
first time during the 2004 study. Fourth-year participants and I knew each other but they
were not close as inservice participants were. Although I tried to comfort preservice
participants before and during the interviews through casual conversations about daily
issues, some participants were not as motivated as others in providing me with responses
to the interview questions most probably due to the lack of sufficient pre-existing
communication. Another reason for short responses might be the lack of experience in the
program especially for the 2"d-year and 3"-year participants.

In order to comfort all of the participants during the interviews, I tried to ensure
the confidentiality of the data and I repeated several times that there were no correct
answers for the questions. When they asked for approval of their answers, I indicated that

my interest was what they believed or thought and I was not judging their answers. The
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participants were interviewed where they felt comfortable in terms of context,
transportation, and timing so that their answers would not be in a rush. During the
interviews, I tried to express what I had understood from the participants’ responses to
them, when the responses were not clear. I asked them whether I understood their point
correctly or not. If they claimed I did not understand it fully or correctly, I asked them to
correct my interpretation. I generally summarized participants’ responses with one or two
sentences before moving to the next question and they generally approved.

The interview schedules for both preservice and first-year teachers had questions
related to the course instructors in the program or people in the school contexts (for first-
year teachers), where participants might have negative comments. I was expecting these
negative comments as a result of my interaction with especially the inservice participants,
but I did not force them to report to me such information. In situations where there
appeared a need to express the name of a faculty in the college, I suggested to them to
name the course instead of naming the instructor, if they did not feel comfortable in
naming the instructor. Almost all participants named both the instructor and the course,
which might suggest that participants considered my approach as confidential. In other
words, my role in the department did not affect the way that participants answered the
interview questions about the program effect. Rather, the participants perceived thé
interviews as an opportunity to anonymously express the issues related to the EME
program or the educational system in general (including the first-year participants’
teaching contexts) since they did not want to express them publicly.

The difference in the amount of the data gathered from inservice participants and

that of preservice participants might have impacted the results, conclusions, and
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interpretations of the present study. Moreover, since I was once an insider in the EME
context and then on the border of being an insider and an outsider, I was aware of
reaching subjective conclusions and interpretations. However, being an insider also
provided me with clues for interview questions and supporting evidences for
inves‘tigating participants’ beliefs, and knowledge of general tendencies in the EME
program. The insider knowledge has always been a motivating issue for me and helped
me to organize my results and conclusions.
Nature of Data

Miles and Huberman (1994) addressed the main problem in qualitative data
analysis as the “selectivity.” It is impossible to get all data for a study since
instrumentation, data collection procedure, and the form of the data are selective. For
example, in the case of interviews, the transcription eliminates the clues, such as mimics,
from nonverbal data. Beliefs are unavoidably investigated through inferences from what
people say, intend, and do (Pajares, 1992) where even mimics or tone of the voice might
help. However, these are generally eliminated and data sources for investigating beliefs
are considered as either verbal responses to questions with abstract levels of thought
(Thompson, 1992), or written responses to hypothetical tasks or items (Fang, 1996). In
this study, the main data source was audiotaped interviews with the participants, and their
written and mostly verbal responses to a mathematical task and the teaching of that task.
Belief data in the form of verbal responses is selective also in the sense that participants
might not always be willing to talk about their beliefs or represent them (Rokeach, 1968)
probably because expression of beliefs is mostly influenced by values (Scheibe, 1960).

Thompson (1992) claims that a single data source might result in inconsistency between
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the beliefs and the practices of the teachers. However, studies with multiple data sources
like classroom observations, stimulated recalls, and think aloud processes also yielded in
inconsistency as well (Fang, 1996).

There were several reasons for having a single type of data (i.e. interview
transcripts) in this study. The main reason was the conditions in the study context that
limited the availability of additional data sources. For example, in the beginning of the
2004 study, the first-year teachers were asked to provide lesson plans and evaluation
tasks that exemplified their own conceptualization of thoughtful mathematics lessons.
They hesitated, but did not refuse, since their lesson plans did not reflect their
conceptualization but reflected the certain template given by the MNE that they must
imitate in writing lesson plans®. They also claimed that they generally did not follow the
lesson plans in their teaching but conducted their teaching according to the responses
from the students, rendering the lesson plans as not particularly useful data source.
Observing the first-year teachers’ classroom, another alternative data source, required
permission from the MNE through a long process of paperwork which must be carried
out for 11 different schools in 10 different cities. Since there was limited available time
period for the study and there were only single available observer during the research,
this option for additional data source was eliminated as well. In the case of preservice
participants, most preservice teachers who participated in the study completed their
student teaching at the time of the study or were not registered in student teaching,

thereby eliminating the possibility of observing their teaching in real-classroom settings.

® The yearly inspection of elementary schools includes inspecting new teachers’ current and previous lesson
plans and observing their teaching. Hence, teachers have to write their lesson plans based on the template
provided by the MNE.
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The first attempt to reduce the disadvantage of having a single data source was
presenting the participants with different situations during the interviews in the 2004
study. Both the first-year and preservice participants were asked about their ideas to re-
teach an issue about fractions where students had misconceptions by using actual student
work (Q12 in the both 2004 interview protocols, see Appendix C). This helped in
understanding the participants’ beliefs about teaching mathematics and beliefs about how
students learn in actual classroom settings. But this does not fully reflect their practice in
the real-classroom context where students with different levels of knowledge and interest
exist.

There 1s no doubt that my investigation of teachers’ beliefs would have been
potentially richer had I been able to observe teachers’ practice. Belief research benefits
from a continuous observation of teachers’ practice in order see the potential instantiation
of teachers’ beliefs. Despite the absence of observation data, I feel that my results are
useful and valid; instead of observing their beliefs in action, I asked several proxy
questions to inservice participants about their actual and ideal practices. Although these
interview questions helped me in making better inferences about participants’ beliefs,
they still did not count as real-classroom observations.

Data Analysis

A doctoral candidate in the Secondary Science and Mathematics Education
Program in the College of Education at METU was recruited for conducting the data
analysis in order to increase the inter-rater reliability of the results. The second coder was
a graduate assistant in the EME program, a native speaker of Turkish language, and was

fluent in speaking, writing, and reading English. The second coder was trained about the
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characterization of beliefs and steps of data analysis by the researcher, who was the first
coder. After the data analysis framework was explained to the second coder, the first and
the second coder analyzed an interview together to practice coding the beliefs and belief
levels. Another goal of the sample coding was to practice reaching full-consensus
between the two coders on final decisions of belief levels during the actual data coding.
During the data coding the coders tried to identify the belief statements and belief levels
based on the data analysis framework. Both coders analyzed the transcribed data with
pseudonyms for the participants in order to eliminate the bias.

Although a second coder was recruited in order to reduce the bias in data analysis,
categorization of mathematics related beliefs as nature, teaching, and learning beliefs had
some limitations for data analysis and interpretation of the results. First, the number of
nature beliefs was less than the number of teaching and learning beliefs listed in
Thompson (1991) and Lindgren (1996) frameworks. In order to reduce this limitation,
Emest’s (1989) model, which was consistent with Thompson and Lindgren frameworks
in terms of the way beliefs were considered and teaching and learning beliefs were
described, was added to the framework. Still, nature beliefs were not described in detail
compared to the teaching and learning beliefs. Moreover, there is only one Level 1
learning belief described in the framework (see Appendix A). This might have limited the
belief statement that the coders were able to detect in the interview transcripts, as well as
the final levels of beliefs.

Second, categorizing beliefs in three belief areas resulted in difficulty in
identifying the area of participants’ belief statements. This difficulty appeared when the

coders started to code interview data. The coders were more inclined to identify learning
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belief statements from what seemed to be nature belief or teaching belief statements.
Most of the discussions between the coders occurred when, for example, a participant
believed that obtaining a correct an;swer was the goal of mathematics and one of the
coders considered that this belief implied the belief that considered reaching a correct
answer as the indication of learning mathematics. Although the coders developed more
rigorous ways of detecting beliefs and avoiding inferences by considering key words as
explained earlier in this chapter, categorization of beliefs in three belief areas and the lack
of sufficient belief statements in some of these areas might have a limiting impact on
detecting participants’ belief statements and the results of the study.
Summary

In summary, the study is limited by three major factors. First, the amount of
interview data participants provided depending on my interaction with them limited my
inferences for the participants who were more hesitant to talk during the interviews.
Second, the data analysis framework might have excluded some of the mathematics
related beliefs that participants might have expressed during the interviews. And third,
the results are limited to the participants’ verbal data and they are not confirmed by their
practices. Since belief research has a methodological problem with the validity and the
reliability of the self-reported data (Fang, 1996), the results of this study and their
interpretations have limited generalizability. However, using a data analysis framework
which was effectively used in previous studies and the data coding process with two
coders did capture the program students’ and graduates’ major mathematics related

beliefs and the impact of EME program on these beliefs.
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Reporting the Results

Being a personal construct with no common definition, beliefs are not directly
observable and must be inferred from people’s verbal reports, intentions, and behaviors
(Pajares, 1992). For the present study, a definition for and characteristics of beliefs (such
as being experience-driven) are identified from the literature and a theoretical framework
consistent with the characteristics is employed in order to guide the data analysis
procedure. Participants’ beliefs are inferred through these guidelines in full consensus of
two coders. Howéver, even when individuals claim they believe something they may not
believe what they say they believe (Rokeach, 1968). In the case of observing a behavior,
individuals are likely to have different beliefs underlying similar behaviors (Kagan,
1992). Hence, it is almost impossible to detect individuals’ actual beliefs of which they
are not also fully aware for the most of the time.

I use the terms “belief” and “believed” for individual participants depending on
the definition, characteristics, the data analysis framework, and the full consensus
between me and the second coder. However, I try to use these terms with less certainty
especially throughout the results chapter and generally report what participants “seem to
believe.” I also provide extensive exact quotes which I and the second coder inferred for
a specific belief based on the framework. Additionally, I use the terms “central”,
“centrality”, and “peripheral” that I borrow from the Green (1971) referring to the
consistency of what participants seem to believe over time. Although most of the time I

interpreted the results through exact quotes from the participants, the professor in the

” The yearly inspection of elementary schools includes inspecting new teachers’ current and previous lesson
plans and observing their teaching. Hence, teachers have to write their lesson plans based on the template
provided by the MNE.
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program, and the literature, I present the concern that my interpretations of the results are
likely to be subjective.
Organization of Result Chapters

The following three chapters document the results of the study mostly through
participants’ paraphrased claims or direct quotes. In order to decrease the loss of meaning
in quotes that might have occurred during the translation, at times additional phrases were
added to some transcripts. By these additions readability and tense adjustment through
the text were also aimed. Table 4.11 shows the examples of additions to participants’
quotes and their usage.
Table 4.11

Examples of Specific Additions to Participants’ Quotes.

Addition Usage
The mathematics [that a teacher] uses [in Completing the meaning of the quote
teaching] is not complex Increasing readability
a question that require[d] a solution Tense adjustment
_[D]iscipline is very important Sentence adjustment
there are both good (high) students Adding a similar meaning that would clarify
the quote
These are all PCK (in his own My explanation for the quote
abbreviation) for me.
[..-] Claims between two statements which are

not included in the quote

Pause during the interview

There are a few phrases used in the following results chapters in order to improve
the flow of the text by simplifying long phrases. The simplified and the original phrases
are “nature beliefs” simplifying “beliefs about the nature of mathematics™; “teaching
beliefs” simplifying “beliefs about teaching mathematics”; and *“leaming beliefs”

simplifying “beliefs about learning mathematics.”
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The result chapters are organized according to the order of the research questions.
Chapter S answers the first research question concerning the preservice participants’
mathematics related beliefs and the crucial experiences during their studies in the EME
program that might have an impact on their beliefs. Chapter 6 answers the first
subquestion of the second research question regarding the inservice participants’ beliefs.
In Chapter 7, the possible impact of the EME program experiences and the first-year
teaching experiences on inservice participants (the second and the third subquestions) are

documented.
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CHAPTER 5

PRESERVICE PARTICIPANTS’ MATHEMATICS RELATED BELIEFS

Preservice participants, who were a total of 20 EME program students from the
2n_ 3"’-, and 4"‘-year level, were interviewed only in 2004 about their mathematics
related beliefs and possible factors affecting those beliefs. The transcript data were
investigated in order to understand the nature of their beliefs by implementing the belief
framework and to explore the possible changes existing through year levels. Preservice

participants’ year levels, gender, and level of their mathematics related beliefs are given

in Table 5.1.

Table 5.1

Preservice Participants’ Year in the Program, Gender, and Belief Levels in Three Belief

Areas.

Year Gender Nature Teaching Leamning

P13 4 F 1 0 0
P14 4 F 0 1 1
P15 4 M 0 1 0
P16 4 F 0 0 0
P17 4 F 1 1 0
P18 4 F 0 0 0
P19 4 F 0 1 1
P20 4 F 0 0 0
P21 3 M 1 0 0
P22 3 F 0 0 0
P23 3 M 1 1 1
P24 3 F 0 1 0
P25 3 M 1 1 0
P26 3 F 1 1 1
P27 3 F 0 0 0
P28 2 F 1 0 1
P29 2 F 0 0 0
P30 2 F 0 1 0
P31 2 F 1 1 1
P32 2 M 1 0 0
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After participants’ belief levels were detected, certain factors that might have
affected preservice participants’ beliefs were explored. In this chapter, general
characteristics of preservice participants’ mathematics related beliefs will be explored
first. Then, some year-level variances will be addressed through the impact of certain
factors such as EME program courses and informal teaching experiences.

Preservice Participants’ Mathematics Related Beliefs

None of the preservice participants in &is study had Level 2 beliefs about the
nature of, teaching, or learning mathematics. Participants had Level 0 and Level 1 beliefs
in the beliefs areas, as can be seen in Table 4.1. The number of participants with Level 0
and Level 1 beliefs were almost equal in the nature and teaching belief areas. Learning
was the area in which only 6 of the 20 preservice participants had Level 1 learning
beliefs.

Analysis of preservice participant’ beliefs showed that there were similarities
among the participants’ beliefs at the same belief level regardless of the year in the
program. In other words, participants from different years had similar Level 1 beliefs and
Level O beliefs. The similarities in the same belief levels across the participants are
described below.

Preservice participants’ Level 0 and Level 1 beliefs about the nature of
mathematics differed in the way participants considered the construction of mathematical
knowledge. Participants with Level 0 beliefs about the nature of mathematics claimed
that “[t]here [were] always determined things in mathematics. [One could] not know
them” (P30 (2"-year), 03).” For Level 0 nature belief participants, mathematics was

simply a collection of rules that were determined by an outside authority. Moreover,
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these rules should be known very well through memorization and be implemented in
daily life. “/OJtherwise, there [would be] no meaning in knowing mathematics if [one
could] not transfer in daily life” (P22 (3™ -year), Q2). Participants considered knowing
mathematics as “fo solve problems ...it might be to perform operations, calculations...to
solve mathematics questions” (P18 (4"'-year), 02). On the other hand, Level 1 nature
belief participants considered that pieces of mathematical knowledge were logically
connected and reasons for these connections were important, as P31 illustrated: “To think
logically...why is this in this way? It should not be “This is in this way [...] Do not object
toit!” [...] Now in the proofs that [we] study in college, we ask “Why?”"” (P31 (2" a
year), 029). Knowing mathematics was not solving a lot of questions, but trying to
answer the questions about “what [the mathematical concept] means, how it is formed,
and where else this could be implemented” (P17 (4"'-year), 02). The difference between
Level 0 and Level 1 beliefs were noticeable when participants’ claims about the nature of
mathematical knowledge and the ways to construct this knowledge were considered.
With respect to the beliefs about teaching, all preservice participants stated
teacher-centered practices as effective in teaching mathematics. However, there were
differences in participants’ consideration of the way teaching-centered practices should
take place in the mathematics classroom. Some participants claimed Level 0 beliefs
where they stated that the teacher should decide about what would happen in the
classroom: “The best thing to do is to start [from the beginning] and [teach] until the
end, without confusing [the students]. To say “These should be done... these should be
thought”” (P28 (2-year), 019). Level 0 teaching belief participants also described

correct-response oriented teaching practices in which thinking skills were not
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emphasized, as P16’s descriptions illustrated: ““/ mean [I would ask] how many 1/5 does
I have.. and they would answer. I would ask, now, in how many were we looking for
[1/5] ... Maybe they will answer [as] five” (P16 (4"-year), 012). These participants
assumed that students would most probably answer the questions in the way they, as the
teachers, would want them to answer. Participants did not consider that students might
have a different answer or might not answer at all.

In contrast to Level 0 participants who believed in highly teacher-centered
traditional practices, Level 1 teaching belief participants considered using different
approaches in teaching mathematics such as using games and manipulatives, although
they placed the teacher as the only decision maker in the classroom. The different
approaches were, however, not targeting student understanding at first, but their
enjoyment in the mathematics class, as P24 claimed: “I’ll try to teach mathematics as a
game so that they won't get bored, and they will understand better if they don 't get
bored” (P24 (3™-year), Q17). Unlike Level 0 participants, Level 1 participants
emphasized the importance of understanding and increasing student thinking in the
mathematics classroom: “Mathematics teacher does not only say 2 x 3 = 6. He/she
should be able to evoke reasoning in children’s mind.” (P31 (2"-year), 019). In general,
Level 0 and Level 1 teaching beliefs in the preservice group differed in the way the
nature of teacher-centered mathematics teaching was described.

Leaming was the area in which most of the inservice participants had Level 0
beliefs. Level 0 learning belief participants placed the teacher as the authority who
decided about what and how students should learn, as P18 illustrated: “/Learning at

school] shoﬁld definitely be by the teacher, [and] in the way that he/she shows” (P18
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(4"-year), 03). Student responsibility was limited to completing the tasks that the teacher
assigned, as explained by P21: “I believe that the students should solve a lot of problems.
I believe they should be assigned a lot of homework and exercises” (P21 (3"-year), 03).
Level 1 learning participants also held the teacher mostly responsible for student
learning, but they claimed that students should study to comprehend the logic behind the
mathematical knowledge once the teacher introduced the concepts: “After understanding
[the logic of the concepts that the teacher taught], [the student] has to think about it,
[about] why...[The student] has to put that in [his/her] mind by [himself/herself]."” (P26
(3"-year), 03). These participants suggested that students should try to understand the
idea behind the solutions to certain questions instead of solving a lot of questions. Level 0
and Level 1 learning belief participants’ beliefs differed mostly in the way they
considered student responsibilities during the learning process. The teacher was more
authoritarian in Level 0 beliefs as he/she was the only decision maker in the mathematics
classroom. For Level 1 belief participants, the teacher was still the decision maker in the
classroom, but they did assign some responsibility to the students other than solving
many questions.

In general, the difference between the Level 0 and Level 1 beliefs were detectable
but not dramatic. Level 1 belief participants in the teaching and learning belief areas had
similar beliefs with Level 0 participants. However, Level 1 participants believed that
different methods and materials should be used for student enjoyment and learning. Level
1 participants indicated that students should have some responsibility in learning
mathematics other than answering questions correctly. There seemed to be no radical

difference between the content of year-level groups’ beliefs.
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Year-Level Variances and Possible Factors

A closer look at Table 4.1 showed that there was no pattern of increase or
decrease in number of Level 1 or Level 0 beliefs in any of the belief areas as participants
advanced through the program. Hdwever, there was a decrease in the number of Level 1
nature belief participants in the 4™-year group. Only two 4"-year participants out of eight
had Level 1 beliefs about the nature of mathematics. Moreover, the number of
participants with Level 1 learning beliefs was quite low especially in the 3"- and 4™-year
level groups compared to the number of participants in these groups. In addition to the
lack of significant level increase/decrease pattern, the nature of beliefs in Level 0, and
also in Level 1 beliefs across the year levels did not differ much. For example, teaching
beliefs of Level 1 teaching belief participants were similar through year levels in the
EME program.

One interpretation of the similarities between the 2"-, 3-, and 4"-year students’
beliefs in the belief areas might be that the EME program courses did not seem to have a
significant impact on preservice participants’ beliefs. The relatively low number of
participants with Level 0 nature beliefs at the 4"-year level might suggest that the impact
of the mathematics courses on participants’ nature beliefs even had decreased as the year
level in the program increased. The lack of emphasis on the nature of mathematical
knowledge in methods courses might impact this decrease as well.

Somewhat interestingly, although 3"-year and 4"-year participants were still
taking or had just completed the coursework about methods of mathematics teaching,
some participants mentioned the use of different methods in teaching mathematics (a

recurrent theme in methods courses) while others did not make such claim. In general, the
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PCK coursework which included methods, curmiculum, and educational psychology
courses, did not seem to have a considerable impact on the participants’ beliefs about
teaching mathematics.

Preservice participants’ learning beliefs were generally low through the year-level
groups compared to the beliefs about the nature of and teaching mathematics. Participants
mostly believed that students could learn mathematics only by the help of an authority,
who was the teacher in the case of the mathematics classroom. Students had to solve as
many questions as they could in order to learn better. This finding, however, was not
completely unexpected. The mathematics education professor in the EME program
claimed that the program was not providing opportunities for the preservice teachers so
that they would develop higher level beliefs about learning. He generalized this to both
preservice and inservice teachers: “They don 't have any idea about how environments in
which students could learn by themselves could be organized” (Dr. C., 2004, 06). In
general, EME program courses did not appear to have an impact on participants’ learning
beliefs.

Preservice participants had different perceived needs in the program as the year
level increased. 2“d-year participants expressed a need for a course in which they would
practice teaching in front of their friends during the course: “I wish we could teach to our
friends [in a course] ” (P27 (2"-year), 027). Since 2""year participants had not taken the
3".year methods course which is organized in this way, they believed that this kind of
course would be a good practice before school experience courses. Having taken this
methods course, 3"-year participants believed that they needed more practice of various

teaching approaches, as P22 expressed: “Maybe there should be more practice of [things
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we learned in the methods course]. I haven 't taken the other school experience courses
yet, maybe those courses have what I am looking for, but things should be practiced, they
should be implemented” (P22 (3"-year), P27). It seemed that as the year level increased
in the program, participants expreséed needs for experiences that were to appear the
future program courses. Thus, they seemed to be aware of their needs as future teachers.

However, at the end of the program, 4"-year participants expressed the need for
some courses they already took in the program. This might suggest that participants did
not benefit from the courses as intended. One reason for this seemed to be participants’
beliefs about their and professors’ responsibilities in the EME courses. Interestingly, 4™-
year participants who already completed all the coursework including the school
experience courses in the EME program believed that the program faculty should have
given them the exact knowledge of “how a certain [mathematical] concept should be
taught” (P20 (4"’-year), Q27). Fourth-year participants complained that they had to learn
the methods course contents by themselves through the projects and the presentations,
and the professors did not teach sufficiently. These participants believed that they needed
more authority in their learning as a college student and they should have been told about
what and how to teach mathematical concepts. Thus, perhaps it is not surprising that the
learning belief level of preservice participants was relatively low compared to the other
belief areas across the year-levels.

Most preservice participants also had informal teaching experiences during their
studies in the EME program. Although these experiences did not seem to have a
considerable impact on 2"- and 3"-year participants’ beliefs, it had some influence on

the way 4"-year participants considered their teaching practice. Most 4"-year Level 0
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teaching belief participants had two years of private tutoring experience and they tended
to answer questions in terms of single student. These participants claimed that they did
not really know how they would conduct teaching in the actual classroom context. On the
other hand, most Level 1 teaching belief participants in the 4™-year group also had
informal teaching experiences, but they mentioned the content of the EME program
courses during the interviews. The existence of participants with long or no informal
teaching experiences in both Level 1 and Level 0 groups suggested that informal teaching
experiences did not have a systematic effect on preservice participants’ teaching beliefs.
Participants’ informal teaching experiences generally started one or two years before they
started to take methods courses. It might be speculated that, when the participants started
to take methods courses, those who were able to connect the course experiences to their
existing teaching experiences had Level 1 beliefs. Preservice participants with Level 0
beliefs seemed to lack this connection and preferred to prioritize informal teaching
experiences.
Summary

The data gathered from the preservice participants indicated that participants’
beliefs about the nature of, teaching, and learning mathematics did not dramatically vary
across the year level groups as well as the belief level groups. Preservice participants’
teaching beliefs were mostly teacher-centered and their learning beliefs were mostly
addressing teacher authority. These beliefs did not have a pattern as the year level in the
program increased, but the relatively lower level of learning beliefs among the
participants through all year levels was noticeable. The program faculty’s comment on
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